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Abstract 

Introduction 

Public transport use is common and often involves short walks to and from public transport stops. 

Population impacts of physical activity accumulated as part of public transport journeys are 

potentially substantial but remain understudied compared with other transport modes. This thesis 

aims to examine the potential health effects of public transport use. 

Methods 

(1) A systematic review of the cardio-metabolic health effects of public transport. (2) Analyses of 

nationally representative data to examine predictors of public transport use and related physical 

activity. (3) Examine the association between the English free older person’s bus pass and bus use 

and active travel levels, and establish whether these impacts differ across ethnic groups. (4) Analyses 

of census data to identify associations of public transport commuting with cancer and mortality. 

Results 

The systematic review found 10 studies and concluded that public transport was associated with 

reduced adiposity, with little research available on other outcomes. Public transport use in England 

is higher among: women, those of minority ethnicity and the socio-economically disadvantaged. 

Public transport users in England accumulated an average of 21 minutes a day of physical activity in 

the course of public transport journeys. The free bus pass had high uptake and was associated with 

higher bus use and active travel and these effects may be greater among ethnic minority groups. 

Public transport commuting in England and Wales was associated with reduced cancer incidence, 

with larger associations seen in rail commuters than bus commuters.  
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Discussion 

Public transport use in England is common and is associated with reduced adiposity, higher physical 

activity and lower incidence of cancer. These findings suggest that increasing public transport use 

can improve population health through increased physical activity. 
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 Chapter 1 – Public Transport 

Most people travel somewhere on most days, be that to work, to shop, to access leisure or simply 

travel for its own sake. Although the health effects of walking and cycling are well studied, there is 

much less research on health impacts of public transport. This is despite public transport being a 

common travel mode which is capable of covering long distances, unlike walking or cycling, and has 

the potential to be more environmentally sustainable than car use. Existing high levels of public 

transport use mean that the accumulation of health effects in all public transport users may lead to 

substantial population impacts, while the potential for many current car users to switch to public 

transport suggests the possibility of even greater population health effects.  

In this thesis I have examined the health impacts of public transport, specifically those due to the 

physical activity accumulated in the course of public transport journeys. This included walking or 

cycling to access public transport and during transfers between public transport modes. This topic 

was of interest due to the large and growing burden of non-communicable disease globally. Physical 

activity is an important modifiable risk factor associated with non-communicable diseases and is 

therefore an important potential mechanism to influence population health. Incorporating physical 

activity into daily travel is appealing as it can build physical activity into the daily routine rather than 

requiring additional tasks such as visiting the gym. Other potential mechanisms through which public 

transport might influence health were not directly considered, these included wellbeing and 

pollution. This thesis primarily used data from England, however, it is situated within a global 

literature on the health effects of public transport and comparisons with evidence from other 

contexts are drawn where appropriate. England was chosen as it represents a mature public 

transport setting. Although future policy might alter the public transport offering in England 

substantially, the health implications of the existing situation will inform policy makers in England 

and other similar developed countries, in addition to providing some guidance to developing 
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countries as to what developments should and should not be considered. England also offers a rich 

source of routinely collected data, however, there is little research of this kind into public transport 

use and especially the health effects of public transport. The available routinely collect data are 

representative of the population of England and are sufficient to address the aims of this research. 

Nationally representative data ensure that findings are generalisable to the population as a whole 

and not the result of local transport conditions and also allows the investigation of subgroups. 

Primary data collection was therefore considered unnecessary for this project, despite its role in this 

field of study more generally.  

Chapters 1-3 cover the background to this topic, including a summary of existing literature on public 

transport use in England and a discussion of the policy context in which decisions about public 

transport policy are taken. This section also reviews the existing evidence for a health benefit from 

transport. Chapter 4 contains the aims of objectives of this thesis. Chapter 5 is a systematic review of 

evidence for potential cardio-metabolic health benefits of public transport use, which concluded 

that initiating public transport use was associated with a small reduction in adiposity. Chapter 6 

contains a description of public transport users and of those using specific public transport modes in 

England, this shows that public transport use is common and particularly so among the socio-

economically disadvantaged and those of minority ethnicities. Chapter 7 is a quantification of the 

physical activity accumulated in the course of public transport journeys in England, which found this 

was an average of 21 minutes a day with greater amounts seen in train users than bus users. Chapter 

8 is an examination of the associations between the free older person’s bus pass and bus use and 

active travel, along with an investigation of possible ethnic variations in these associations. This 

found that the free bus pass was associated with increased use of more active travel modes and that 

this might be greater in ethnic minority groups. Chapter 9 is an analysis of the impact of commute 

mode on cancer and mortality risk, which found that public transport commuting was associated 

with reduced risk of incident cancer, while train commuting was associated with reduced risk of all-
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cause and cardiovascular disease (CVD) mortality. Chapter 10 is a discussion of the findings and a 

comparison with the existing literature, in addition to considering potential future research themes. 

It considers the potential improvement to health which could be seen if public transport use were 

encouraged at the expense of car use and how these benefits may reduce inequality if bus use is 

encouraged but might increase inequality if only rail use is considered.  

1.1 Public transport and its use in England 

Public transport is passenger transport shared with other members of the general public [5], in 

England this usually involves bus or rail transport.[6] Other public transport modes in England 

include a relatively small amount of ferry travel and a growing use of domestic air travel, which were 

not considered directly in this work.[7] In England and Wales, rail public transport comprises trains 

(sometimes known as National Rail), in addition to light-rail systems which operate in some urban 

areas. Light-rail systems include London Underground, in addition to eight other networks in England 

and Wales, two of which are also in London, the Dockland Light Railway and the London Tramlink. 

The other networks are in Nottingham, the Midlands, Sheffield, Tyne and Wear, Manchester and 

Blackpool. Some sources have used different categorisations and the London Underground is not 

always considered along with the other light-rail systems, which might be because its construction 

predates the use of the term.[8-10] 

Travel statistics in England are provided by the Department for Transport (DfT) and are usually based 

on the National Travel Survey (NTS) [11], these show that in 2015, public transport use in England 

constituted 10% of all journeys, compared with 22% for walking and 64% for car use.[12] Bus was 

the most commonly used public transport mode, comprising 7% of all journeys, with 3% being by 

rail, including both train and light-rail.[12] Examination of distance travelled showed that rail use 

made up 10% of all distance, compared with 5%  by bus, 78% by car and 3% by walking.[13] 
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However, the use of different travel modes varies considerably between different areas of England, 

13% of all trips in London were by bus, compared with 3% of trips in the South East and East of 

England. In rural areas, 2% of trips were by bus compared with 9% of trips in urban areas.[14] In 

London, 14% of journeys were by train or London Underground, compared with 1% or less in the 

North East, Yorkshire and Humber, East and West Midlands and the South West .[14] Light-rail, 

other than London Underground, was combined with modes including domestic flights and ferries 

for this analysis, but comprised 1% of London journeys and less in other areas of England.[14] 

1.1.1 Trends in public transport use 

Trends in public transport are best understood alongside trends in overall travel and car use. 

Throughout the second half of the twentieth century, Great Britain experienced an increase in the 

number of journeys taken and the distance travelled, this occurred alongside a shift in preferences 

towards private vehicle use and away from public transport.[7, 15, 16] However, between 2002 and 

2015, total travel fell in terms of journeys and distance, reflected by a fall in the number of car, bus 

and walking journeys, in the same period the number of train journeys increased.[6, 17] Overall 

public transport use appears to have been broadly stable in England since 2002. However, this masks 

differing trends in different modes, notably a reduction in bus use outside of London and an increase 

in surface rail use throughout England. Trends in public transport use among the population of 

England are presented in Figure 1-1 and Figure 1-2. 
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Figure 1-1: Journeys per person per year by England resident by selected public transport modes from NTS 
2002-2017 

Made using NTS data from Department for Transport [6, 18] 

Figure 1-2: Miles travelled per person per year by England resident by selected public transport modes from 
NTS 2002-2017 

 
Made using NTS data from Department for Transport [6, 18]  
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Trends in the use of public transport differ by geographical location. Bus use in London residents 

increased considerably from 163 journeys per person per year in 1993/94 to 285 journeys per 

person per year in 2008/09, it then appeared to plateau before falling to 255 journeys per year in 

2016/17.[19] Between 1991/92 and 2016/17, bus use in England outside of London fell from 68 

journeys per person per year to 47 and in Wales from 46 journeys per person per year to 32 [19], 

this followed a long period of decline in bus use through the 1970s and 1980s.[19, 20] In recent 

years, the largest falls in bus use have been in regions with higher pre-existing levels of bus use, for 

example, local bus use in the North East of England fell from 81 journeys per person per year in 

2004/05 to 67 journeys by 2016/17.[21] While the East of England had much lower levels in 2004/05 

with 30 journeys per person per year but has maintained this level, with 31 journeys in 2016/17.[21] 

Higher bus use in London compared with other areas of England is likely to be due to better 

availability of buses and shorter journey times in urban areas [22] and partially due to differences in 

the way London bus services are regulated.[23] In England outside of London, miles covered by 

buses have declined since 2010, this is the case for metropolitan areas and non-metropolitan 

areas.[24] Bus routes can be either supported by local authorities or run on a commercial basis, 

albeit with some subsidies from central government, which are discussed in greater detail in Section 

2.1. Since 2010, local authority supported bus routes have fallen from 24% of the total to 17% [24, 

25], which comes amidst a 25% fall in spending on supported buses in England from £299.6m in 

2010/11 to £225.7m in 2015/16.[23] In Wales between 2010/11 and 2016/17, commercial bus route 

mileage has remained stable while local authority supported mileage fell by more than 50%.[24]  

Train use in England increased substantially between 1995/97 and 2016, from 12 to 21 journeys per 

person per year.[6] Regional comparisons of train use can be problematic where journeys span 

multiple regions, with journeys often assigned to the travellers region of residence. This is more 

common with train than other public transport modes as train journeys are on average longer than 
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those of other modes.[26] That said, train journeys by London residents have increased from 37 per 

person per year in 2002/03 to 57 in 2016/17.[14] Other regions have also seen large growth in train 

use in this period, for example, the East of England saw an increase from 16 to 23 journeys per 

person per year.[14] Although no region has seen a decrease, the East Midlands, West Midland, 

South West and North East have seen no increase in train use.[14]  

The London Travel Demand Survey of 8,000 Greater London residents showed that London 

Underground trip rates increased between 2005/06 and 2016/17, e.g., weekday rates increased by 

20%.[27] However, a small decrease was seen between 2015/16 and 2016/17, which is consistent 

with other data from 2017/18 suggesting a dip in London Underground usage.[27, 28] The combined 

journey rate for all the other eight light-rail networks in England and Wales increased from 10 to 16 

between 2004/05 and 2017/18.[29] Light-rail systems with the greatest increases were those which 

had expanded in this time period, for example, in Nottingham and Manchester.[30] The London 

Underground carried 1,395 million journeys in 2017/18 while the other eight English light-rail 

networks combined carried 267 million, which, if restricted to the six networks outside of London 

was 119 million.[9, 28] 

1.2 Public transport globally 

Global changes in patterns of travel are largely driven by similar trends, however, the impacts of 

these trends differ in different parts of the world. Increased urbanisation is one contributor to this: 

in 2016 there were 31 cities with a population of 10 million people or more, and by 2030 that is 

projected to increase to 41, with the 10 new megacities expected to be in developing countries.[31] 

Other global trends include the growth of technology in transport, this includes ride-hailing apps 

such as Uber, which in 5 years grew from a start-up to being established in 250 cities worldwide.[32] 

Technology which facilitates sharing, as opposed to owning, in transport and other sectors is 
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estimated to grow from revenues of $15billion in 2015 to $335billion in 2025.[32] Measuring the 

global impact of these trends on travel patterns can be problematic as data sources are often not 

comparable cross-nationally. Where this is the case, international surveys are useful to allow 

comparison, however, these often lack the detail which local surveys provide. 

The use of public transport in the USA has increased in recent years, from 1.9% of journeys in 2009 

to 2.5% in to 2017.[33] This increase came predominantly from public transport commuting, which 

increased from 3.7% to 5.5% of commutes in the same period. Travel in the USA differed across 

ethnic groups, for example, 93% of White Americans travelled to work by car compared with 87% of 

Hispanic Americans and 82% of African Americans.[34] Travelling to work by public transport was 

reported by 2% of White Americans, 6% of Hispanics and African Americans, with similar disparities 

seen with non-work travel.[34, 35] There was an approximately 11% reduction in total journeys 

between 2009 and 2017, with declines predominantly among journeys for shopping and for family 

errands, with little decrease seen in commuting.[33] 

An analysis of European travel surveys compared modal share by distance and found that Latvia and 

Switzerland had the greatest proportion of travel by public transport, with 28.2% and 20.5% 

respectively, although the report gives little explanation of these results.[36] Other international 

comparisons suggest that Japan, Russia, India and China have the highest levels of rail use, with 

Australia, USA, Saudi Arabia and Mexico having the lowest levels.[37] Car ownership in these same 

countries were also compared, with Canada, Australia, Japan and the USA having the highest levels 

and China, India and Indonesia having the lowest, although China saw a six-fold increase in car 

ownership between 2005 and 2015.[37]  

Many low- and middle-income counties lack the detailed travel data to allow comparisons with that 

from England. However, data is available for public transport systems in some cities, for example, 
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data about bus rapid transport (BRT) systems in several middle-income counties, in addition to high-

income countries. BRT is a heterogeneous term to describe a public transport system using buses, 

which are usually segregated from regular road traffic for at least some of their route. Proponents 

argue that is has many of the benefits of rail transport but with greater flexibility, lower costs and 

shorter construction times.[38] Although the earliest examples of BRT systems opened in the 1970s, 

a review of 40 BRT systems in 2006 found that 27 of them were opened on or after 2000.[39] 

Examples of BRT systems are those of Curitiba, Brazil, which was built in 1974 and is therefore the 

oldest in the world; it is 10.1kilometres (km) in length with daily two-way ridership of 156,200 per 

day.[40] The system in Bogotá, Colombia, which at 84km in length is the largest in the world and has 

two-way daily ridership of 1.3 million people.[38, 40] Other cities with a BRT system include Lagos, 

Nigeria, which is 22 km in length and has daily ridership of 195,500 and Adelaide, Australia with is 

3km and carries 30,000 passengers per day.[40]  

1.3 Inequalities in public transport use 

In addition to geographical differences, public transport use varies across the population, including 

by age, sex, ethnicity and socio-economic position. Official statistics calculated using NTS data for 

England show that total travel increases with age, from 806 journeys per person per year in 17-20 

year olds to a peak of 1,139 in those aged 40-49, it then gradually reduces before falling sharply in 

those aged 70+ to 793 journeys per person per year.[41] Total distance travelled follows a similar 

pattern but peaks slightly later, among those aged 50-59.[42] Age trends in car use follow the same 

pattern as that for total travel, with a peak in those aged 40-49 and aged 50-59 for journeys and 

distance respectively, with gradually lower use in those aged younger and older.[41] Age trends in 

journeys travelled by bus and distance travelled by bus are similar, with bus travel most common 

among younger people, for example, those aged 17-20 report 107 journeys per person per year, 

falling to 38 in those aged 50-59, however, usage then rises to 67 journeys per person per year in 
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those aged 70+.[41, 42] Train use peaks at 62 journeys per person per year in those aged 21-29 

before falling to 30 in those aged 50-59 and lower still in those older, with similar trends seen in 

distance travelled by train.[41, 42] DfT analyses suggests the peak in train use in this age group 

might be due to commuting.[43] Light-rail use (excluding London Underground) was greatest among 

those aged 21-29 in terms of both journey stages and distance, with diminishing use with increasing 

age.[44] 

In 2017, women in England made more journeys than men [18, 41], although men travelled greater 

distances.[18] Men travelled more by train than women, while women travelled more by bus than 

men, in terms of journeys and distance.[18, 41, 42] Gender differences in trip purpose were also 

seen, with women making more journeys taking children to school and to shop and fewer 

commuting journeys than men.[45] Use of other public transport modes, which includes light-rail, 

ferries and domestic flights combined, were comparable between women and men.[41]  

There is evidence that when compared with White people, those of minority ethnicity in England 

travel less [22, 46] but use public transport more.[47, 48] Analyses using NTS data from 2011 to 2015 

found that Black residents of England reported 31% of journeys by public transport and 24% by bus, 

compared with 16% and 10% in Asian and 8% and 5% in White residents.[49] In addition to 

differences in the travel modes used, levels of total travel, of any mode, also varied between ethnic 

groups, with White people making an average of 955 journeys per person per year, while in Black 

and Asian people this was 779 and 775 respectively.[49] Data from 2011 showed that Black people 

were more likely to travel by bus than other groups and White people were more likely to travel by 

car, whilst rail transport had a more complex picture.[48] This might be explained by the higher 

proportion of Black people that live in inner London, where public transport is better and driving and 

parking are more difficult, whilst there are higher proportions of White and Asian people living in 

outer London.[50] Differences in access to private transport might also contribute to differing 
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patterns of public transport use, adults of minority ethnicity in England are more likely to live in a 

household without access to a car.[51] For example, in 2017 17% of White adults lived in households 

without a car, compared with 24% of Asian adults and 44% of Black adults.[51] While some of these 

differences might be driven by socio-economic factors, cultural factors may also play a role.[22]  

NTS data from 2005 to 2015 in England showed that those with lower incomes were more likely to 

use the bus, with a gradient of decreasing use with increasing income quintiles, a similar pattern was 

seen for the number of journeys and the distance travelled by bus.[43] The opposite gradient was 

seen with train use, which increased as income increased.[43] The number of journeys and the 

distance travelled by train had less clear trends, with those in the middle and highest earning 

quintiles doing more journeys and the second lowest and highest earning quintile travelling a greater 

distance.[43] Light-rail use (excluding London Underground) was generally higher among those in 

higher income quintiles, in terms of journey stages and distance, although there is a suggestion that 

the lowest income quintile had higher use than some of the intermediate quintiles.[44] London 

Underground use was greater in those with higher incomes, in terms of both journeys and 

distance.[52] 
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 Chapter 2 - Public Transport Policy in England 

Investment in public transport has the potential to address numerous societal goals, including 

economic and health goals.[53, 54] For those without access to a car, public transport facilitates 

access to services and enables participation in society.[54] For this reason, public transport is 

specifically mentioned in the Sustainable Development Goals (SDGs), with goal 11 to make cities and 

human settlements inclusive, safe, resilient and sustainable.[55] Goal 11.2 states: 

“By 2030, provide access to safe, affordable, accessible and sustainable transport 

systems for all, improving road safety, notably by expanding public transport, 

with special attention to the needs of those in vulnerable situations, women, 

children, persons with disabilities and older persons”[55] 

Public transport is subsequently a major beneficiary of government spending, with total transport 

spending in England in 2017/18 over £23 billion, of which £13.7 billion was rail transport spending, 

local public transport spending was £1.9 billion and roads received £4.3 billion.[56] The proportion 

of transport spending on rail has increased in recent years due to large capital expenditure on new 

rail infrastructure [56, 57],  which is indicative of increasing recognition by local and national 

governments of the importance of public transport systems.  

2.1 UK Bus policy context 

In 1986 bus services in England outside of London were deregulated, which resulted in the system of 

governance which remains in place today. For the 50 years prior to 1986, almost all buses were 

publically owned either through local Passenger Transport Authorities or as one of 52 subsidiaries of 

the state owned National Bus Company, with services planned by local authorities.[20, 58] 
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Deregulation was partly driven by large declines in bus use, which occurred as access to cars and car 

use expanded across the UK [15, 59]; reduced bus use led to a shortfalls in passenger fare revenues 

and an increasing financial burden on local authorities, who were forced to subsidise services.[60] 

Deregulation allowed new providers to enter the market and compete for passengers, with the 

government’s stated aim of allowing competition and the free market to drive up standards and 

reduce costs.[20, 60] In addition to deregulation, most public bus provision, including the 52 

subsidiaries of the National Bus Company, was privatised in order to improve the management of 

bus services.[20] This deregulation of bus services forms the basis for current bus provision. By 2006, 

the 52 former public bus companies were all operated by seven companies and by 2011 69% of bus 

provision was by five private operators: Stagecoach; FirstGroup; Arriva; National Express; and Go-

Ahead.[60, 61] 

The current post de-regulation administrative framework allows for any company to set up and 

provide services they deem to be commercially viable, subject to certain criteria, for example, 

ensuring the safety of passengers.[60] Eligible bus companies then receive subsidies, which comprise 

about 45% of bus operators’ revenue.[62] Subsidies come from three broad sources: the Bus Service 

Operators Grant (BSOG), direct service procurement by local authorities and remuneration for 

concessionary travel. The BSOG is a rebate of 70-80% of the fuel duty paid on fuel used to run 

eligible services.[62] Reform of BSOG is currently under consideration with criticisms that subsidising 

profitable bus routes is not the best use of government money, in addition, linking the rebate to fuel 

use is counter to the climate change agenda and disincentivises a shift away from fuels that are 

subject to fuel duty, which are predominantly fossil fuel based.[62, 63] Local authorities directly 

procure services which are deemed socially necessary, for example, services to isolated areas with 

no access to a commercially viable route.[60, 62] These contracts are awarded subject to open 

tender, with local authorities stipulating service regularity and fares.[60, 62] Finally, bus operators 

are reimbursed for providing services to those with concessions, for example, the free older person’s 
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bus pass, the annual cost for these concession in 2016/17 was £1.17bn.[62, 64] Reimbursement 

follows the general principle of making the bus service providers no better or worse off as a result of 

concessionary fares, this is calculated to compensate operators for revenue forgone and for any net 

additional costs.[65] 

London bus services were excluded from the deregulation in the 1980s due to pre-existing 

differences in local authority oversight.[58] Although the London municipal bus companies were sold 

in 1994-1995, their services continue to be regulated and planned by government through 

franchising, where the transport authority (now Transport for London) invites tenders from private 

firms to run certain planned routes under a set of conditions, such as environmental standards.[60] 

Routes are usually grouped together in tranches allowing more lucrative routes to be combined with 

those which are less lucrative, approximately 20% of London bus routes go out to tender each 

year.[58] This means that London buses are still privately operated, however, companies compete 

for the market rather than operate under market competition.  

The success or otherwise of bus deregulation is contested. Critics point out that fares have risen 

since deregulation and that this has been greater in areas of England outside London, where buses 

were deregulated.[66] During this time, bus journeys in London have doubled while decreasing 

substantially in the rest of England.[58] However, a direct comparison of subsidies paid for bus 

services before and after deregulation is not possible due to incomparable data and although 

London was exempted from deregulation, it is a poor control for examining the impact of 

deregulation due to differences with other areas of England.[58] London has a larger population at a 

greater density than is seen in other areas of the England [67, 68], which might explain some of the 

differences in bus use between London and other areas of England.[69, 70] London also has a dense 

urban rail network that may facilitate greater bus use than in other areas.[71] 
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Attempts by subsequent governments to reform bus services indicate that they felt the post-1986 

deregulated system could be improved upon. The Labour governments from 1997 to 2010 twice 

attempted to reform bus provision in 2000 and then again in 2008.[58] The reforms made provision 

for Quality Partnership Schemes (QPS) and Quality Contract Scheme (QCS), although neither were 

ever implemented in practice by any local authority. The QPS was a formal agreement with bus 

providers to improve facilities e.g. provide bus lanes, in exchange for particular standards, such as 

new greener vehicles.[58] QCSs allowed local authorities to take greater control of local bus services 

under certain conditions. The reasons these provisions were never implemented differed from 

authority to authority but the restrictive conditions required by the legislation may have led local 

authorities to fear legal action from the bus companies.[58]  

The 2017 Bus Services Act enabled local transport authorities in England to have franchising powers, 

similar to those in London.[60] These powers were initially made available only to Mayoral 

Combined Authorities, these are areas that have secured devolution deals from Westminster since 

2014.[60] When the Act came into law, the eligible authorities were: Greater Manchester, Liverpool 

City Region, West Midlands, West of England, Cornwall, North East, Tees Valley, Sheffield City 

Region, Greater Lincolnshire, East Anglia.[72] Other local transport authorities can apply for consent 

from the Secretary of State for Transport to initiate franchising, subject to conditions.[60] Short of 

the franchising powers, and available to all local transport authorities, the 2017 Act also contains 

another attempt to foster partnerships between bus operators and local authorities in the form of 

Advance Quality Partnerships (AQP). AQPs allow greater commitment from each side, e.g. bus 

operators can undertake certain ticket and price commitments, while local authorities can 

implement parking restrictions and traffic management policies.[60] Despite intent from some 

Metro-mayors, no changes have been implemented in the 18 month since the Act took effect in 

April 2017, with authorities still formulating their proposals.[60, 73]  
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2.2 English National Concessionary Travel Scheme (The Free 

Bus Pass) 

The free bus pass for older people in England was introduced in 2006 by the Westminster 

government, it provided free off-peak local bus travel for England residents aged 60 years and 

over.[65] Prior to this, older people were entitled to half price bus travel. The policy was then 

expanded in 2008 to include local buses throughout England between 9.30am and 11pm on 

weekdays and all day at weekends.[65] The age of eligibility is linked to female state pension age 

and, as such, has been gradually increasing since May 2010 and is set to reach 66 in 2020.[74] The 

devolved administrations of Scotland, Wales and Northern Ireland each have separate provision of 

free bus travel for older residents, these vary slightly from the English policy having all maintained 

60 as the age of eligibility.[75-77] Some local authorities in England offer more generous benefits 

than the statutory national minimum, e.g. London residents receive a Freedom Pass entitling them 

to free travel on almost all public transport in London, including the London Underground.[65] 

Following the introduction of the free bus pass in England, uptake increased from around 54% to 

approximately 76% of those eligible.[78] In addition to older people, a different scheme provides 

free bus travel to eligible disabled people, for example, those who are blind and those with difficulty 

walking.[65] In 2018, the government committed to retaining free bus travel for older and disabled 

people in England, removing the need for future governments to regularly renew the policy.[79] 

There is evidence that holding a free bus pass is associated with better health outcomes. Analysis of 

16,911 participants from a nationally representative survey of travel patterns found that bus pass 

holders were more likely to use active forms of travel and walk more frequently than non-

holders.[80] A cross-sectional analysis of data from older adults in England found that public 

transport users and those eligible for a free older person’s bus pass had a reduced odds of being 

obese.[81] Further analysis of this data demonstrated that female bus pass holders had faster gait 
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speed and reduced body mass index (BMI, weight(kg)/height (m)2) and waist circumference when 

compared with non-pass holders, potentially through higher levels of physical activity.[82] 

The bus pass was not introduced to improve the health of recipients, it was intended to guarantee 

financial security into older age and to alleviate social exclusion.[83, 84] Evidence suggests that the 

bus pass has been effective in reducing depressive symptoms, however, the mechanism is unclear as 

the researchers were unable to detect an effect on a measure of social isolation.[85] Free public 

transport has been shown to facilitate social activities, access to amenities and to prevent 

exclusion.[86] Other authors have concluded that the free bus pass improves quality of life and does 

this to a greater extent in those ‘in high social need’.[87] However, it is likely that those who are 

most vulnerable to social isolation have higher likelihood of non-cost barriers to bus use, such as 

poor mobility or ill-health, and therefore may not benefit from this entitlement.[87] 

The annual cost of providing bus passes to eligible older and disabled people in England was 

estimated at £1.17bn in 2014/15 [64], this cost has led to the provision of such universal benefits 

being called into question.[88, 89] Restricting the bus pass with financial means testing has been 

suggested as a way to reduce the cost of this policy, while ensuring that those in greatest need 

continue to be supported.[65] However, others claim that means testing would dramatically reduce 

uptake and fail to target those in greatest need, while significantly increasing the administrative 

burden.[90-92] Interviews and focus groups with bus pass holders have indicated that the wellbeing 

benefits of the free bus pass might be contingent on it being free. Free bus pass holders perceived it 

as a deserved entitlement as result of their having spent a lifetime paying taxes.[86] They therefore 

perceived their free bus pass as the conferment of a sense of belonging and of self-worth. If the bus 

pass is seen as a response to vulnerability, which is possible if it was restricted by financial means, 

these benefits may be foregone and bus pass use could become stigmatised.[86] 
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Bus use is more common among the socio-economically disadvantaged, with 75 journeys per person 

per year by bus in the lowest income quintile, compared with 40 journeys per person per year in the 

highest earning quintile.[52] Researchers have used NTS data from 2005-2008 to examine whether 

the benefits of the free bus pass differ across socio-economic groups, with one study finding similar 

associations between the free bus pass and active travel in those who owned their own home and 

those living in rented accommodation.[80] This was despite higher bus pass uptake among those 

living in rented accommodation than was seen in home owners.[80] Another study found that 

wealthy participants and those in paid employment had lower bus pass uptake when compared with 

less wealthy and retired participants.[82] The impact of these differences on bus use is unknown, as 

participants in this survey who did not have a bus pass were not asked about bus use.[82] Although 

there are known associations between socio-economic position and ethnicity and those of some 

minority ethnicities have greater bus use than other ethnic groups, ethnic differences in the 

associations of the free bus pass have not been examined, which represents a gap in knowledge.[48, 

93] 

2.3 Rail policy context 

Current train regulation in England is the result of the privatisation of British Rail in 1994, when 

passenger rail services were organised into 26 subunits which were then separately offered for sale 

as franchises.[8] Although there have been changes since the initial privatisation, the system is 

broadly similar, private companies compete on the basis of price and service improvements to run a 

franchise for a specified length of time with a predefined timetable.[94] Service improvement might 

include new rolling stock, better reliability and increased frequency of service.[94] Franchises 

operate with differing profitability, most receive a government subsidy but some return a share of 

profits to government.[94] Successful franchisees are required to pay a fee to access the track and 

station infrastructure from Network Rail, a public body which owns and manages the rail network in 
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Great Britain.[8, 94] Although franchisees are responsible for the majority of train services in 

England, some services operate under different terms, such as the London Overground.[94]  

Between 2004 and 2015 average rail fares grew by 17.9% over and above inflation, despite which rail 

use continued to grow.[6, 95] However, it is worth noting these rises were predominantly prior to 

2011, from 2011/12 to 2016/17, ticket revenue increased from £8.0bn to £9.5bn, but this was due to 

increased passenger numbers with the cost of individual journeys unchanged, after adjustment for 

inflation.[96, 97] In this time period the UK government’s net contribution to rail has reduced from 

£4.3bn to £3.4bn.[97, 98]  

The current Conservative government has expressed an intention to change the way that passenger 

rail services operate in England. Secretary of State for Transport, Chris Grayling, has called for a 

more vertically integrated operation, with track and trains being operated by a partnership of public 

and private entities.[8] Details of how these arrangements will work are not yet available and are 

likely to differ across the network, however, following the collapse of the east coast mainline 

franchise for the third time in 12 years, other have called for more radical reform of the 

network.[94] This varies from taking the franchises back into public ownership, favoured by The 

Labour Party in their 2017 General Election manifesto, to the abolition of franchises and a transition 

to greater competition on the track.[8, 99, 100] 

Devolution of train control has been another area of recent policy interest. Prior to 2016, under the 

London mayoralty of Boris Johnson, control of some train services were transferred from the DfT to 

Transport for London, to form part of the London Overground network. However, a change in Mayor 

of London, Chancellor of the Exchequer and Secretary of State for Transport in 2016 appears to have 

put an end to future devolution of train control to London.[101, 102] It has also been suggested that 

greater devolution of train control should be extended to other parts of England, including by a 
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report for the DfT.[103, 104] However, the DfT has brought forward no concrete proposal as of the 

end of 2018. 

In addition to changes to the existing train network, there are ongoing efforts to expand the system. 

This includes proposals to re-open previously abandoned routes, e.g. Newcastle upon Tyne to 

Ashington, and new large-scale infrastructure as part of High Speed 2-Phase 1 and Crossrail (The 

Elizabeth Line) which are already approved and in differing stages of construction. Proposed future 

projects also include High Speed North, High Speed 2-Phase 2 and Crossrail 2.[105-108] The 

reorganisation of the existing train network along with new projects, approved and pending, mean 

that decision makers both locally and nationally face important decisions that will affect public 

transport provision in England for years to come.  

2.4 Technological disruption of the transport sector 

Alongside changes to existing public transport systems, disruptive technological developments have 

the potential to radically change transport behaviours in England and globally and to impact on any 

associations between transport and health. The impact of technology on health has been seen with 

the emergence of app based ride-hailing platforms such as Uber and Lyft,[109] which have been 

associated with large increases in the number of private hire vehicles. For example, between 2015 

and 2017 the number of registered private hire vehicles in London increased by 50% and outside of 

London increased by 16%.[110] In addition, there has been a blurring of the line between app based 

ride-hailing services and public transport with the development of demand responsive buses.[111] 

These have been offered by apps such as Citymapper in addition to traditional bus companies.[112, 

113] They are usually small buses which are shared with other users and offer street corner to street 

corner transport.[111-113] This type of demand responsive bus has been proposed for areas on the 

fringes of cities where current bus use is not as frequent as in inner city areas.[111] 
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Autonomous vehicles also have substantial potential to disrupt transport policy. Modern vehicles 

incorporate several autonomous features, for example, parking assistance, whereas fully 

autonomous vehicles, or self-driving cars, are currently under development but are not yet approved 

for the public highway.[114] Among the proposed benefits of autonomous vehicles is a reduction in 

accidents, with human error a causal factor in an estimated 75%-95% of road traffic collisions.[115] 

Improved mobility among those unable to drive, including vulnerable groups such as the elderly and 

the disabled, might contribute to improved quality of life for these individuals.[114] However, 

although this might meet individual’s utilitarian travel needs, it might not fulfil their desire for 

autonomy.[116] Efficiency benefits from autonomous vehicles result from them communicating 

directly with each other and traffic signals, and could lead to reduced journey times.[117] However, 

the magnitude these benefits are disputed, especially where autonomous vehicles interact with 

conventional vehicles.[114, 117] Some estimates suggest that journey times might increase where 

autonomous vehicles make up less than 25% of the vehicle fleet.[117] Many of the predicted 

benefits are dependent on a transition to 100% autonomous vehicles, however, it is far from clear 

that there is an appetite for people to entirely relinquish their ability to drive. 

Linked to autonomous vehicles is the potential for a transition away from a car-ownership model to 

a transport-on-demand model, where a vehicle is summoned only when required. With cars 

currently spending an estimated 95% of their time parked, a transition away from car ownership 

could potentially yield large amounts of space in the built environment which is currently used for 

car storage.[118] Additional road space could be used for designated public transport lanes or 

alternatively be adapted to create more walkable neighbourhoods, encouraging people to travel on 

foot and bike. A transport-on-demand model, if combined with cost-per-mile pricing, could mean 

individuals paying a higher marginal price per journey.[119] Cost per mile pricing is where the price 

of driving more closely linked with the distance travelled, for example, with the use of Global 

Positioning System (GPS) tracking. This compares with the current situation where the large sunk 
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cost associated with car purchase is combined with a small marginal cost of each journey, which is 

likely to encourage car use.[119] The higher marginal cost associated with cost-per-mile pricing 

could disincentivise car use for short journeys, encouraging active travel.[119] This would be 

dependent of the pricing model of the mobility service provider and possibly a reformed tax system 

for transport. 

Technological disruption in non-transport sectors could also have an effect on transport. Home 

entertainment streaming services, such as Netflix, might reduce the demand for travel to access 

entertainment. In addition, apps which allow people easy access to food delivery from restaurants 

and takeaways, such as Deliveroo, might reduce travel demand to eat out, while the continued 

growth in online retail could lead to reduced travel for shopping. Recent figures from London show a 

16% reduction in leisure trips between 2013 and 2016 while shopping trips have been declining since 

2007, dropping by 35% by 2016.[53] In addition, London has seen a reduction in travel for work 

purposes, possibly as a result of working from home on at least some days of the week.[53, 120] 

The impacts of these technological changes on transport are uncertain therefore their potential 

health implications are not known. Health effects might derive from increased use of ride-hailing 

apps such as Uber, for example, if door-to-door travel displaces journeys using more active modes, 

the resultant reduction in physical activity could lead to an increased disease burden. However, a 

transition from a car-owner model to a greater use of transport-on-demand could disincentivise 

short car journeys and potentially free up large areas of urban space, currently occupied by parked 

cars. If this space were re-purposed to create shared public space, this might encourage greater 

active travel and other beneficial behaviours. The potential implications of reduced travel for 

shopping, eating out and entertainment purposes would appear to lead to reduced active travel to 

access these services but much would depend on how the time saved is used. This is in addition to 
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the potential dietary impacts of food delivery apps, which might plausibly increase consumption of 

unhealthy foods.  
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 Chapter 3 - Public Transport and Health 

Public transport use affects health through multiple potential mechanisms, including physical activity 

accumulated in the course of public transport journeys. This thesis will investigate the potential 

physical activity benefits of public transport use, including the walking and cycling to access public 

transport and several important physical activity related outcomes, e.g. adiposity, CVD, cancer and 

mortality. Other potential mechanisms include: 1) Exposure to atmospheric pollutants, which is 

greater for car users than users of other modes (pollutants here include particulate matter of size 

less than 2.5μm and ultrafine particles of size less than 0.1μm).[121] In addition, reduced congestion 

as a result of greater public transport use could lead to improved air quality.[122-126] 2) Reduced 

CO2 and other greenhouse gas emissions associated with switching from private motor vehicles to 

public transport, with climate change estimated to cause 250,000 deaths per year between 2030 and 

2050.[125, 127-129] 3) Road traffic collisions, which are a significant global cause of death, with over 

1.3 million deaths in 2015.[130] for example, a study comparing modes in the USA showed that 

fatalities per billion miles 2000-2009 were 7.28 for drivers or passengers of a car or light truck.[131] 

This compared with 0.43 fatalities per billion passenger miles on a train, 0.24 on a light-rail system 

and 0.11 as a passenger on a bus.[131] 4) There is some evidence that public transport use might 

have benefits for wellbeing more widely [132-135], while free bus travel has been associated with a 

range of outcomes, including reduced loneliness.[85, 86, 136, 137]   

3.1 Physical activity  

Physical activity is defined as bodily movement which requires energy expenditure.[138] It is 

quantified using metabolic equivalent tasks (METS), a weight adjusted measure of energy 

expenditure, with 1 MET being equivalent to the resting metabolic rate for a typical individual 

(4.18kJ/kg/hr).[139] Moderate activity is defined as 3-5.9 METs, i.e. 3-5.9 times resting energy 
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expenditure, with vigorous activity defined as ≥6 METs.[139] UK and global guidelines for physical 

activity in adults recommend 150 minutes of moderate intensity physical activity or 75 minutes of 

vigorous physical activity per week.[140, 141] Although, in an attempt to broaden recommendations 

to encourage activity across the day, rather than in a small proportion of it, Canada has created the 

first 24-hour movement guidelines for children, which encourages children to sweat, step, sleep and 

sit for sufficient amounts of time each day.[142, 143] 

The 2016 Health Survey for England found that 66% of men and 58% of women met physical activity 

recommendations, meaning that more than a third of the population were insufficiently physically 

active.[144] Global estimates in 2016 put the prevalence of physical inactivity at 28% (25%-32%), 

which would place 1.4 billion people at risk of physical inactivity sequelae.[145] Total physical 

activity is an overall measure made up of a number of constituent domains which is can be 

conceptualised using the SLOTH model: S characterises sleep, L time spent in leisure, O time in paid 

work (or occupation), T time in transportation and H time in home based work (unpaid work).[146] 

Inconsistent physical activity measurement tools over time make definitive conclusions about 

physical activity trends difficult.[147] However, levels of occupational and transport related physical 

activity appear to be in decline globally.[148-150] Although there is some evidence that leisure-time 

physical activity increasing and this might contribute to more people meeting physical activity 

guidelines, there are no good data from England which is consistent over time, therefore trends in 

overall total physical activity are uncertain.[147, 148] Data from a range of high-income countries 

show that there has been a decline in those meeting physical activity guidelines from 69.1% in 2001 

to 63.2% in 2016.[145] There is also evidence that despite leisure physical activity increases, because 

the physically active time might be expected to constitute only 5% of a person’s waking time, it 

cannot compensate for the reduced energy expenditure in those domains which make up the 

remaining 95% of daily activities.[147, 150, 151] 
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Physical inactivity has known associations with several important health outcomes, including all-

cause mortality, CVD and cancer, in addition to other important CVD risk factors, such as obesity and 

hypertension.[152] The dose-response relationship for physical activity and several health outcomes 

demonstrates that the greatest benefits are seen among those moving from little or no physical 

activity to doing some.[153, 154] 

Physical inactivity is an important risk factor for cardio-metabolic health. There are established 

associations between physical activity and CVD mortality, ischaemic heart disease, stroke, obesity, 

type 2 diabetes and hypertension.[152, 155] CVD, stroke and type 2 diabetes are among the 

outcomes which demonstrate a non-linear dose response relationship with physical activity.[152, 

154] These relationships confer the greatest benefits on the most inactive as they moved from little 

or no physical activity to some. For example, the risk of type 2 diabetes reduced by 26% with the 

accumulation of 11.25MET-hrs per week, which equates to meeting the global physical activity 

recommendation of 150 minutes of moderate physical activity per week.[154] Whereas the 

accumulation of double that amount of physical activity was associated with a total risk reduction of 

36%, further physical activity was associated additional, but diminishing, benefits.[152, 154] The 

evidence base for an association between physical activity and obesity is equivocal, this might be 

due to the relatively high levels of physical activity required to cause weight loss in the absence of 

dietary changes.[156] Alternative explanations include reverse causality, with heavier individuals 

being less physically active than lighter individuals, and measurement error preventing accurate 

measures of physical activity exposure.[157]  

Mortality from CVD, stroke and coronary heart disease (CHD) in the UK all reduced by approximately 

70% between 1980 and 2013.[158] This occurred alongside substantial reductions in smoking and 

hypertension, in addition to changes in the management of CVD, for example, a large increase in 

prescriptions for statins and use of percutaneous coronary interventions.[158-160] However, there 
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remains a considerable burden from CVD, with prevalence having increased slightly in this 

period.[158] In contrast to smoking and hypertension, other cardio-metabolic risk factors have seen 

substantial increases in recent years. Obesity (BMI > 30kg/m2) prevalence  in England increased from 

14.9% to 25.6% between 1993 and 2014.[161] UK prevalence of diagnosed type 2 diabetes doubled 

between 2000 and 2013, from 2.4% to 5.3%.[162] Estimates suggest that the costs attributable to 

diabetes in 2010/11 constituted 10% of NHS expenditure, and that this could rise to 17% (over 

£22bn) by 2035/36.[163] 

Evidence reviews, including the Global Burden of Disease Study, have found that physical activity is 

also associated with some cancers, with the strongest associations seen with breast cancer and 

colon cancer, weaker evidence was seen for endometrial and prostate cancers.[152, 164] Some 

evidence indicated that the dose-response relationship between physical activity and colon cancer 

was non-linear with greater benefits seen with increased physical activity among the most 

inactive.[152] This was less clear than for cardiovascular outcomes and for breast cancer was less 

certain still.[152]  

Breast and colon cancer were two of the top three most common cancer sites in England in 

2016.[165] In the 10 years from 2006 to 2016, the age-standardised incidence of breast cancer 

increased slightly from 162 per 100,000 females to 168.[166] Between 2000/01 and 2010/11 one- 

and five-year breast cancer survival rates improved, for example, one-year survival was 93% for 

those diagnosed in 2000/01, compared with 96% for those diagnosed in 2010/11.[166] Between 

2006 and 2016, bowel cancer (which includes cancers of the colon, rectum and rectosigmoid 

junction) incidence was relatively stable, it decreased from 91 to 85 cases per 100,000 males and 

from 58 to 57 cases per 100,000 females.[166] Bowel cancer survival over one- and five-years have 

both improved in recent years, for example, men diagnosed in 2000/01 had one-year survival of 71% 

which improved to 77% in 2010/11.[166]  
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As a risk factor for some of the largest causes of mortality, it is unsurprising that physical activity is 

associated with all-cause mortality.[130] Estimates attribute up to 9% of global mortality, or 

between 3.2 and 5.3 million deaths annually, to physical inactivity.[167, 168] Again, the dose-

response relationship appears to be non-linear with greatest benefits seen among the inactive as 

they move from little or no physical activity to some.[152, 153, 169] Mortality rates in England have 

declined for males and females between 2001 and 2016, however, since 2011 the rate of decline 

appears to have slowed with some evidence for a plateau.[170] 

3.2 Active Travel 

Active travel is that which involves physical activity, this includes walking and cycling but also the use 

of scooters and roller-skates. Research into the benefits of active travel has focused on walking and 

cycling, often aggregated into a single measure for research purposes.[132, 171-173] Walking can be 

greater or less than the 3.5MET threshold for moderate physical activity.[139] This means that 

walking can be light or moderate activity, depending on the pace and the physical condition of the 

walker.[139] Cycling would usually be considered moderate activity but similar caveats apply.[139] 

However, research has also looked specifically at the effect of walking and cycling measured by 

volume (distance or time) irrespective of intensity.  

A systematic review and meta-analyses of walking and cycling for any purpose estimated the 

benefits associated with accumulating 11.25 MET-hours per week of walking or cycling, equivalent to 

meeting global physical activity guideline of 150 minutes of MVPA.[174] This study found that 

walking and cycling were associated with an 11% and 10% reduction in risk of all-cause mortality 

respectively, although it is uncertain whether those who walked or cycled actually accumulated the 

assumed 11.25MET-hours per week.[174] Another meta-analysis found that those reporting high 

walking levels had a 31% reduced risk of CVD compared with those in reporting low levels of walking 
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[175], with other evidence suggesting cycling is associated with reduced adiposity, diabetes and 

elevated high-density lipoprotein cholesterol.[176, 177] Meta-analyses of commuting have shown 

that walk commuting was associated with risk reductions of 27% for CVD incidence but no 

association was seen with incident cancer, cancer mortality, CVD mortality or all-cause mortality 

[178], with some evidence for an association with lower systolic blood pressure.[177] While cycle 

commuting was associated with risk reductions of 46% for CVD incidence, 25% for cancer mortality 

and 24% for all-cause mortality, no associations were seen with CVD mortality or breast cancer 

incidence.[178] Other research has found an association between cycle commuting and reduced risk 

of cancer incidence and elevated adiposity.[172, 179, 180] 

Meta-analyses of a combined measure of walk and cycle commutes have also been conducted, 

including studies which examined walking and cycling separately, in addition to those studies which 

examined only a combined measure. Walk/cycle commuting was associated with a 9% reduction in 

CVD incidence risk and an 8% reduction in all-cause mortality risk with no association seen with 

breast cancer incidence, cancer mortality and CVD morality.[178] Another meta-analysis by Hamer 

et al. examined commute mode, finding that a combined measure of walking and cycling was 

associated with an 11% reduced risk of CVD (fatal and non-fatal), with these finding stronger among 

women than men.[171] It is unclear whether these reviews pooled walking and cycling because they 

believed that the health association of walking and cycling were equivalent or due to reasons of 

pragmatism. Physical activity more generally has well established associations with improved health, 

including a reduced risk of all-cause mortality, CVD, colon cancer, breast cancer and type 2 diabetes, 

in addition to other conditions, such as osteoporosis.[152] Other modes, including public transport, 

have often been grouped together in research of this kind, which has prevented the specific effects 

of public transport on health outcomes such as CVD, cancer and mortality from being 

established.[181, 182] Given the importance of public transport of a transport mode, the lack of 
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research into the association of its use and these outcomes represents a substantial gap in 

knowledge. 

3.3 Physical activity in public transport use 

In order to access public transport, it is usual to walk or cycle in order to get from the journey’s start 

to the public transport stop. This is usually repeated at the far end in order to reach the journey’s 

final destination and sometimes to transfer between different public transport modes, for this 

reason, some consider public transport to be an active travel mode.[183]  

A 2012 review found that public transport use was associated with between 8 and 33 minutes per 

day of physical activity, however, most of the included studies used small and highly selective 

populations.[184] This range spans from a relatively small amount of physical activity to a substantial 

contribution to daily physical activity. The review included two studies of UK public transport users, 

one of which concluded that surface rail users walked an average of 0.9km per journey, which the 

authors converted to 10-12 minutes to allow comparison.[184, 185] The second UK study measured 

steps per day with an accelerometer in those aged 70+.[186] This study found that each additional 

public transport journey per week was associated with 412.7 more steps per day (converted to 8 

minutes of walking per day).[184, 186]  

Subsequent research, which used GPS in conjunction with objective accelerometer data, also found 

public transport to be associated with physical activity. These studies were generally small, with up 

to 540 participants and found between 4.2 and 14.6 minutes per day of physical activity in 

association with public transport use.[187-193] Among 234 participants in Paris, public transport use 

was associated with 10.2 (9.6- 10.9) minutes of moderate to vigorous physical activity (MVPA) per 

journey.[189] This was greater among train users and lower among bus and coach users.[189] A 
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study of 274 residents of Seattle, USA found that public transport users accumulated 14.6 (13.1, 

16.1) minutes of transit related physical activity on the days they used transit.[192] Researchers 

using data from 540 commuters in South West England and Wales showed that public transport 

commuters accumulated 25.7 minutes per day of physical activity during the commute, compared 

with 7.3  minutes  for car commuters and 34.3 minutes for walk commuters.[187] An evaluation of 

new light-rail infrastructure in Salt Lake City, USA found that new users of public transport saw an 

increase of 4.2 minutes (0.9, 7.4) of daily MVPA and that public transport users accumulated 11.9 

minutes (8.5, 15.3) more total MVPA on days they used public transport compared with days they 

did not.[188, 191] 

Recent meta-analyses have suggested that new public transport infrastructure was associated with 

an increase in transport related physical activity.[194-196] One meta-analysis took the intensity of 

physical activity into consideration and found that new light rail infrastructure was associated with 

an approximately 30 minutes per week an increase in transport-related light-to-moderate intensity 

physical activity (1.76MET hours/week (0.19, 3.32)).[195] Another meta-analysis found that 

transport physical activity increased by 6.7 minutes per week (-10.1, 23.5) following the construction 

of new light-rail infrastructure, however, this was accompanied by a reduction in total physical 

activity of 67.2 minutes per week (-91.2, 16.8).[194, 196] It is possible that increases in physical 

activity associated with public transport use were more than compensated for by reductions to 

other physical activity, this is potentially important for any expected health benefits. However, there 

were relatively few studies included in this meta-analysis and they had diverse findings so further 

research in necessary to explore potential substitution effects. 

Although some of the evidence discussed above is from England, there is no large representative 

study which quantifies the physical activity carried out as part of public transport journeys among 

public transport users in England, which therefore represents a gap in knowledge on this subject. 
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There is also no comparison of the volume of physical activity associated with different public 

transport modes, or associated with individual and neighbourhood characteristics of users, such as 

socio-economic position. 

Some research has found an association between public transport use and reduced adiposity. For 

example, a cross-sectional analysis of 7,534 UK commuters using the UK Household Longitudinal 

Study (UKHLS), a representative survey of UK households, found that public transport commuters 

had lower average objectively measured BMI and percentage body fat than those who commuted by 

car.[172] Another cross-sectional study, this one of 13,102 residents of New York, USA showed that 

higher bus stop density and subway stop density were associated with lower objectively measured 

BMI, after adjustment for individual and neighbourhood level characteristics.[197] However, a 

separate report from the same study concluded that these associations with BMI were only present 

among those with more education, higher income and those of non-Hispanic White ethnicity.[198] 

There is also evidence that switching to public transport use from other modes is associated with a 

reduction in BMI, an additional day per month of public transport use being associated with a 

change in BMI of -0.005 kg/m2 (-0.012 to 0.002).[176] 

3.4 Measuring physical activity 

Traditional methods of measuring physical activity, including physical activity in transport, use 

questionnaires, for example, to ask participants how much walking they have done in the last year. 

The International Physical Activity Questionnaire (IPAQ) is a commonly used validated short 

questionnaire, which aims to quantify physical activity levels.[173, 199] It asks about walking and 

cycling, including that which takes place as part of a larger journey. However, it is not possible to 

disaggregate which walking and cycling is associated with which modes, for example, which is 

associated with public transport. Questionnaires of this sort are also subject to recall biases, to 
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reduce these biases travel diaries can be used, these ask participants to recorded travel as close as 

possible to when it occurred.[200] Travel diaries ask participants to record the details of all travel 

carried out for a set period for time, e.g. a week, this includes information about each journey, the 

distance travelled, the time taken and the mode used, including where more than one mode is 

used.[200-202] However, travel diaries have also been criticized for self-report bias and 

underreporting trips.[203, 204] They have been shown to underestimate walking journeys and the 

length of journeys when compared with objective measures.[203]  

Objective measures of travel often involve a GPS device, which uses satellites to measure location 

and can track movements over time.[203] GPS is sometimes used alongside an accelerometer, which 

is a small electronic device worn on the participant’s body, which records the volume, intensity, 

frequency and pattern of movements, along with time and date information.[205-207] 

Accelerometers are often used for the objective measurement of physical activity.[205] Although 

these methods overcome many of the limitations of more traditional methods, they are not without 

their own limitations. GPS devices suffer from a loss of signal when entering a tunnel or where high-

rise buildings or tree canopy block the satellite signal.[201] Participants might forget to take a device 

with them or may have technological problems which lead to the loss of data, they may also fail to 

charge them sufficiently.[201, 204] However, many of these limitation are surmountable, for 

example, by using mobile phone masts to augment GPS signal.[201] Similarly, the use of postural 

monitors which judge position relative to gravity can overcome problems with traditional 

accelerometers, which would fail to register cycling as activity.[208, 209] Problems persist processing 

raw objectively measured physical activity data due to a lack of accepted thresholds for different 

intensities of physical activity, which is important because the thresholds selected can lead to large 

differences in the outcome.[210] Current estimates of objectively measured physical activity are also 

substantially different from equivalent self-reported estimates.[211, 212] For example, when the 

2008 Health Survey for England measured with both methods, of those who met physical activity 



Chapter 3 - Public Transport and Health 

 

48 
 

recommendations based on self-reported data, only 10% of men and 8% of women also met the 

recommendations when measured using accelerometry.[211] It also means that comparing 

objectively measured physical activity with thresholds developed for use with self-reported physical 

activity may not be valid. 

3.5 Inequalities in physical activity and cardio-metabolic 

outcomes 

There are large variations in cardiovascular outcomes across the population, in the UK and 

globally.[213] This is partially attributable to gradients in several important CVD risk factors, such as 

physical activity, diet, smoking and obesity with variations seen between the sexes, across socio-

economic groups and in different ethnicities.[213]  

3.5.1 Age and sex 

In England in 2015, 67% of men were overweight (BMI ≥ 25kg/m2) compared with 58% of 

women.[214] Obesity (BMI ≥ 30kg/m2) is very similar in men and women, both 26%, although it is 

only in recent years that men have reached the same levels as women, historically having had a 

lower prevalence.[214] Overweight and obesity is England increases with age peaking in men aged 

45-74 (78%-79% in these age categories) and women aged 65-84 (70%-72%) before dropping slightly 

in older adults.[215] Although the association between adiposity and adverse health outcomes 

weakens with age, there remains an association between obesity and all-cause mortality.[216] 

Increases in diabetes between 1994 and 2016 have been predominantly seen among older adults, 

for example, among those aged 25-34 diabetes remained between 1% and 2%, while in men aged 

75+ this increased from 7.5% to 19.3% and in women from 5.2% to 17.2%.[217] CHD is responsible 
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for almost twice as many deaths in men as women, however, women appear to have worse 

outcomes than men when they present with CHD, possible explanations are a genetic predisposition 

to CVD and poorer CHD care for women.[218]   

In the 2016 Health Survey for England, 66% of men and 58% of women met the physical activity 

recommendation.[144] Physical activity levels peak in those aged 25-34, both in terms of meeting 

the recommended levels and in doing any physical activity. Among those aged 35 and above, with 

increasing age there is a gradual reduction in the proportion meeting physical activity 

recommendations.[144, 215, 216] In addition to the associations of physical activity with health 

outcomes such as mortality and morbidity, which have been discussed above, older people also 

benefit from physical activity effects on functional ability and independence.[219] A systematic 

review found that older people reaching 150-180 minutes per week of moderate physical activity 

could see a 50% reduction in functional limitations and disability.[219] There is also some evidence 

that a relatively high level of physical activity in older people is associated with decreased risk of 

dementia and Alzheimer’s disease.[219] 

3.5.2 Ethnicity 

Some minority ethnic groups in England have a higher prevalence of overweight and obesity than 

White people, e.g. Black men and Black and Asian women.[220] Diabetes and CVD risk is also higher 

among South Asian and Black groups when compared with White people.[221] A study in Scotland 

found that when compared with White residents, males of Pakistani and African ethnicity had an 

18% and 39% increased risk of stroke respectively.[222] 

Some disparities in these health outcomes may be due to differences in levels of physical 

activity.[223] In England women of all minority ethnicities and men of South Asian ethnicity are less 
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likely to be physical active, physical activity measures here included leisure-time exercise, domestic 

tasks and walking.[223, 224] Participation in sport, games or physical activity has also been shown to 

be lower in many minority ethnic groups, including Black African, Black Caribbean, Indian and 

Pakistani participants in the General Household Survey.[225] Although often less physically active, 

research using data from the UKHLS 2009/11 suggested that minority ethnic groups in England are 

more likely to use active forms of transport in their commute, including public transport and 

walking.[47] It may be that active travel is a particularly important contributor to overall physical 

activity in groups which do less leisure physical activity.[223, 226] 

3.5.3 Socio-economic position 

There is a large established evidence base on inequalities in health patterns by socio-economic 

position, summarised by The Commission on Social Determinants of Health as “the higher one’s 

social position, the better one’s health is likely to be.”[227-229] Echoing previous analyses and 

reports, the Commission concluded that the socio-economic characteristics of where a person lives 

affects their life expectancy and disability-free life expectancy.[227] In addition to neighbourhood 

level income-based deprivation, this gradient was seen with education, occupation and living 

conditions.[227] In England, those with lower educational attainment and those working in manual 

occupations were more likely to be obese than their more educated and non-manual occupation 

counterparts.[230] Findings across high-income countries show that education level was associated 

with CVD risk in men, and to a lesser extent in women.[231] Studies in the UK and elsewhere have 

also found an inverse association between socio-economic position and prevalence of diabetes.[232, 

233] Those in more deprived groups were more likely to be diagnosed with most cancers than less 

deprived groups, they also had shorter survival following diagnosis.[166]  
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Transport is an important social determinant of health as it facilitates opportunities through access 

to work, education and social networks.[227] Public transport is therefore essential for those 

without a car to access many important services, the absence of which would be detrimental to their 

health. For this reason, Dahlgren and Whitehead advocated for government spending on public 

transport to enable those who would otherwise be in transport poverty to participate in society.[54] 

Similarly, the Commission on the Social Determinants of Health found evidence that the relationship 

between transport and health is socio-economically patterned, with greater amounts of travel seen 

among those with greater incomes.[227] Poor access to transport has been identified as an 

important barrier to inclusion and a driver of health inequalities.[227] Having access to public 

transport is particularly important for those who cannot access other forms of transport, whether 

due to financial barriers, medical conditions or age. 

Data from the 2012 Health Survey for England show that the proportion of adults in England meeting 

physical activity guidelines is lower in households with lower income, it falls from 76% of men and 

63% of women in the highest income quintile, to 55% of men and 47% of women in the lowest 

income quintile.[234] 

3.6 Interventions to increase physical activity 

The interventions to increase walking for which there is evidence of effectiveness are those targeted 

towards individuals or households identified as being motived to change their behaviour.[235] The 

most effective interventions are those which are tailored to the needs of the individual, including a 

group walking intervention in post-menopausal women which led to an increase in walking of 150 

minutes per week.[235, 236] However, the authors acknowledge potential for bias from this study as 

participants were volunteers and were ‘predominantly white and middle class’.[236] In a systematic 

review of interventions to increase walking for transport, the most effective intervention led to an 
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increase of 70 minutes a week.[235, 237] This involved a workplace intervention which provided a 

booklet of tailored advice.[237] However, interventions which require individual level changes in 

behaviour such as health promotion campaigns can contribute to widening inequalities.[238] This is 

attributed to a greater ability to respond to these interventions among those with higher levels of 

material or psychological resources, which has been described as having greater agency.[238] 

Agency is a concept which encompasses the ability or capacity to exert power and control one’s own 

actions and life and choices.[239] Interventions to improve diet and reduce obesity that require 

individuals to use lower levels of agency are more likely to be effective and are more equitable.[240]  

In comparison with an individual level approach, a population approach aims to shift the whole 

population risk distribution and avoids having to identify susceptible populations.[241] This 

approach to tackling ill-health has been shown to disproportionately benefit deprived groups who 

most suffer the effects of health inequalities.[238] A review which looked at population level 

interventions found that walking could be increased by 9-75 minutes per week.[242] Effective 

interventions were those incorporating some aspect of mass media, community initiative or 

environmental change.[242] The evidence base for population interventions to increasing walking is 

currently small, but it is growing with an increased use of natural experiment study designs.[242]  

A health in all policies approach states that all policies, regardless of sector, should have their impact 

on health inequalities evaluated and has been advocated by several influential policy documents, 

globally and in the UK.[227, 243, 244] As a transport policy conceived to ensure the financial security 

of recipients, evaluation of the free bus pass exemplifies a health in all policies approach to policy 

intervention. The free bus pass for older people can be considered as a population intervention, as it 

has not been targeted at any risk groups, except that defined by age. The free bus pass has been 

shown to increase bus and active travel immediately following its implementation and has been 

associated with lower adiposity and higher gait speed.[80, 82] 
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Summary 

Public transport use in England is relatively common, although much less common than car use, and 

is a particularly important travel mode of some groups, including older and younger people, ethnic 

minorities and the socio-economically disadvantaged. This means that any health associations of 

public transport are likely to have substantial population impact and also effect health inequalities. 

This thesis will focus on the physical activity benefits of public transport, other potential mechanisms 

which will not be studied include: atmospheric pollution, climate change impacts, noise pollution, 

road traffic collisions and wellbeing 

Recent largescale rail infrastructure projects, such as Crossrail and High-Speed 2, have led to a large 

increase in government spending on rail transport in England. Although neither of these projects are 

yet operational, train use has been increasing for over 20 years. Government support of bus services 

has reduced substantially since 2010, which has occurred alongside a decline in bus provision and 

use. However, the free bus pass for older people in England represents a large government 

commitment to bus subsidies. The free bus pass was found to be associated with bus and active 

travel immediately following its implementation, however, there is no longer term research or any 

assessment of whether the associations differ across ethnic groups. 

Physical activity has known health benefits, in addition walking and cycling have established 

associations with improved health. Most public transport journeys contain some walking to access 

public transport or transfer between modes, however, the amount of walking and cycling as part of 

public transport journeys in England is unknown. Public transport journeys which contain walking or 

cycling might be expected to confer health benefits but there is uncertainty about the associations 

between public transport and cardio-metabolic outcomes such as adiposity, diabetes, CVD and also 

mortality. 
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 Chapter 4 – Aims and Objectives 

4.1 Aim of the thesis 

The aims of this thesis are: 

• To examine associations between public transport use and physical activity, cardio-

metabolic health, cancer and mortality in England and Wales and to investigate potential 

inequality impacts 

• To examine the associations between the free bus pass for older people in England and bus 

and active travel levels and to establish whether this differs across ethnic groups 

4.2 Objectives and research questions 

4.2.1 Associations of public transport use with cardio-metabolic 

health 

Existing research into the health effects of transport have focused on the impact of walking and 

cycling, often in comparison with car use. There is good evidence that walking and cycling are 

associated with reduced diabetes, CVD and mortality. Public transport might affect population levels 

of physical activity due to walking and cycling to public transport stops and at interchanges, this 

walking and cycling might be expected to have cardio-metabolic health benefits. 

Research questions addressed in Chapter 5 

• What evidence exists for an association between public transport and cardio-metabolic 

health? 



Chapter 4 – Aims and Objectives 

 

56 
 

• What gaps exist in the literature for an association between cardio-metabolic health and 

public transport?  

4.2.2 Public transport users in England 

Transport statistics based on the number of journeys and distance travelled differ, depending on the 

relative speeds of different travel modes. However, because many people use more than one travel 

mode, these measures are not always the most appropriate way to quantify the users of specific 

transport modes. Available data on the characteristics of public transport users, and users of specific 

public transport modes, in England are primarily descriptive and have not been adjusted for 

potentially confounding factors.  

Research questions addressed in Chapter 6 

• How common is public transport use and the use of specific public transport modes (bus, 

train and light-rail) in England? 

• Which individual and neighbourhood characteristics are associated with public transport use 

and the use of specific public transport modes in England? 

4.2.3 Physical activity accrued as part of public transport use in 

England 

In England, a large proportion of the population is insufficiently physical active. The use of active 

travel modes could be one way to address high levels of physical inactivity, this could include public 

transport, which often involves some walking or cycling as part of journeys. No large studies have 

quantified the physical activity associated with public transport use using representative data on 

public transport users in England. 
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Research questions addressed in Chapter 7 

• How much physical activity do public transport users in England accrue in the course of 

public transport journeys? 

• Does the level of physical activity accrued differ between users of different public transport 

modes? 

• Does the level of physical activity accrued vary according to individual or neighbourhood 

characteristics? 

4.2.4 Associations between the free older person’s bus pass and 

active travel and ethnic differences in bus pass use 

The free older person’s bus pass was introduced in 2006 and entitled older adults in England to 

free bus travel. Some evidence has found that holding a bus pass was associated with increased 

use of active travel modes immediately following implementation, it is not known whether these 

associations persist or have changed. People of minority ethnicity in England have higher bus use 

than White people and those in some ethnic minorities groups have lower physical activity 

levels. However, it is unknown whether the free bus pass has differential associations across 

ethnic groups. 

Research questions addressed in Chapter 8 

• How has bus pass possession changed between 2006 and 2014? 

• Which individual and neighbourhood characteristic are associated with holding a free 

older person’s bus pass in England? 

• Among those with a bus pass what are bus and active travel levels? 
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• Is the possession of a free bus pass for older people in England associated with higher 

bus and active travel levels? 

• Does the association between the free bus pass and active travel differ across ethnic 

groups? 

4.2.5 Commute mode and mortality and cancer  

Research into the health effects of commute mode has primarily focused on walking and cycling to 

work, with public transport commuters combined with users of other modes, making the specific 

effects of public transport commuting unknown. As public transport commutes are likely to contain 

some walking or cycling in order to access public transport, it is possible that the accumulation of 

this physical activity is sufficient to lead to a measurable health benefit among public transport 

users, when compared with car commuters.  

Research questions addressed in Chapter 9 

• Which individual and neighbourhood characteristics are associated with commute mode in 

England and Wales? 

• Is commute mode associated with cancer incidence, cancer mortality, CVD mortality or all-

cause mortality? 

• Does commute distance effect the association between commute mode and cancer and 

mortality outcomes? 

• Does the socio-economic position of commuters effect the association between commute 

mode and cancer and mortality outcomes? 
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 Chapter 5 – Associations of public transport 

use with cardio-metabolic health: a 

systematic review and meta-analysis  

The health burden of cardio-metabolic diseases is considerable, ischaemic heart disease and stroke 

were the first and third largest causes of years lost to life globally in 2017.[245] Although the UK has 

seen declines in CVD, stroke and ischaemic heart disease in recent decades, alongside reductions in 

smoking and better control of hypertension; prevalence of obesity and type 2 diabetes have 

increased substantially in the last 20 years. [158-160] Some estimates put the costs associated with 

diabetes at over 10% of NHS expenditure and project that this is set to rise to 17% (over £22bn) by 

2035/36.[163] Physical activity is associated with reduced risk of many cardio-metabolic health 

outcomes, including: CVD mortality, ischaemic heart disease, stroke, obesity, type 2 diabetes and 

hypertension.[152, 155] 

Existing research into the health effects of transport have primarily centred on the impact of walking 

and cycling. Meta-analyses have found that walking and cycling for any purpose were associated 

with an 11% and 10% reduction in risk of all-cause mortality respectively.[174] Systematic reviews 

and meta-analyses have found that walking was associated with a lower body weight, BMI, diastolic 

blood pressure and cardiovascular risk [175, 246, 247], while cycling was associated with lower all-

cause mortality, cancer risk, overweight and obesity.[176, 179] Another meta-analysis found that 

walk commuting was associated with a risk reduction of 27% for CVD incidence, with no associations 

found with incident cancer, cancer mortality, CVD mortality and all-cause mortality.[178] Cycle 

commuting was associated with 24% reduced risk of all-cause mortality and risk reductions of 46% 
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for CVD incidence and 25% for cancer mortality, although no associations were been with CVD 

mortality or breast cancer incidence.[178] A combined measure of walk and cycle commuting was 

found by a meta-analyses to be associated with an 8% reduced risk of all-cause mortality and a 9% 

reduced risk of CVD incidence.[178] Commuting by walking and cycling have both been associated 

with lower adiposity, measured using BMI and percentage body fat.[172, 180]  

Public transport might affect population levels of physical activity due to walking and cycling to 

transport stops and at interchanges.[184] A 2012 review found that public transport use was 

associated with between 8 and 33 minutes per day of physical activity [184], spanning from a small 

contribution to daily physical activity to a substantial one. This review included data from 27 studies 

from North America, Europe and Asia with one contributing study finding that US public transport 

users accumulated a median of 19 minutes of physical activity per day associated with public 

transport.[248] Nine of these 27 studies used objective measures of physical activity, for example, 

GPS or pedometers. Studies that use GPS and accelerometers to measure physical activity 

objectively, generally find lower levels of physical activity than studies of self-reported physical 

activity.[207, 249] Studies of this kind have found that public transport use was associated with 15 

minutes a day of walking [192] and 10 minutes per trip of moderate-to-vigorous physical 

activity.[189] 

This is the first systematic review to examine the association between public transport and cardio-

metabolic health. Public transport will be measured either by its use or through an indirect 

exposure, such as living in proximity to public transport. Constituent public transport modes such as 

buses, trains and light-rail will be included, in addition to an overall measure. Therefore, the 

research questions addressed in this chapter are: 
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• What evidence exists for an association between public transport and cardio-metabolic 

health? 

• What gaps exist in the literature for an association between cardio-metabolic health and 

public transport?  

5.1 Methods 

A protocol for this systematic review was registered with the PROSPERO International Prospective 

Register of Systematic Reviews on 30th September 2016: 

(http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048427). 

Relevant research was located through electronic database searches (published and grey literature), 

internet searches using Google, and from the reference lists of included studies. The electronic 

databases searched were: Medline (Ovid), Embase (Ovid), Transport Database (Ovid), Scopus, The 

Cochrane Library, and opengrey.eu. Database searches were carried out in December 2017 with no 

restrictions on the date of publication. An example search strategy is presented in Appendix Table 

A-1 from the search of Medline (Ovid). Due to the constraints of the search engines, a simplified 

search strategy was employed with Google and opengrey.eu. Examples of terms used to identify 

public transport included ‘public transport’, ‘bus’, ‘train’, ‘transit’, ‘subway’ and ‘commute’, and 

those for cardio-metabolic health were ‘cardiovascular’, ‘diabetes’, ‘hypertension’, ‘mortality’, 

‘obesity’, ‘adiposity’, body fat’ and ‘BMI’. 

Following the literature search and deletion of duplicates, my supervisor (AL) and I independently 

conducted initial screening of titles and abstracts. For articles retained for inclusion by either 

assessor, we carried out independent screening of full texts, any disagreements were resolved 

through discussion. 

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048427
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Eligible study designs were randomised-controlled trials, quasi-experimental and longitudinal 

observational studies. On order to reduce the risk of reverse causality and unobserved confounding, 

cross-sectional studies were excluded.[250] This was because research into the association between 

physical activity related exposures and health is susceptible to reverse causality, especially where 

cross sectional methods are used. Reverse causality occurs where poor health leads to participants 

achieving lower levels of physical activity rather than low physical activity leading to poor health, this 

could happen where ill health makes physical activity more difficult. In addition to minimising the 

risk of reverse causality, studies which capture multiple measures over time may allow the 

investigation of intra-individual changes, this additionally reduces the risk of bias caused by 

unobserved confound at the individual level, further enhancing the potential for causal inference. 

Eligible public transport exposures measures included public transport use and access to public 

transport, e.g., distance to bus stops. A relevant comparator was required, e.g. users of other 

transport modes or those with greater distance to a bus stop. Cardio-metabolic outcomes were: CVD 

mortality, diagnosis of CVD, type 2 diabetes, dysglycaemia (e.g. elevated blood glucose, insulin 

resistance, glucose intolerance), dyslipidaemia (e.g. elevated triglycerides or LDL, depressed HDL, 

hypertension/blood pressure), and adiposity (e.g. BMI, percentage body fat, waist circumference, 

waist to hip ratio and height-weight ratio). Self-reported and objectively measured data for exposure 

and outcome measures were eligible. Studies with adult populations or those of children aged 5 

years or more were included. Only English language studies were included. 

I carried out the data extraction using a customised Microsoft Excel spreadsheet, which was then 

checked by my supervisor (AL). Extracted data included the study name, year of publication, number 

of participants, length of follow-up, sampling strategy and details of participants; this included their 

age, location and the proportion male. In addition, measures of exposure, covariates, analytical 



Chapter 5 – Associations of public transport use with cardio-metabolic health: a systematic review 
and meta-analysis 

 

64 
 

approach and effect estimates were extracted. Where the same study was used in multiple 

publications, that with the most recent data was included. 

The risk of bias of included studies was assessed using criteria adapted from the Newcastle-Ottawa 

scale for cohort studies.[251] The Cochrane Collaboration recommends the Newcastle-Ottawa scale 

for use with non-randomised studies and this was suitable for use with all of the included 

studies.[251, 252] No overall risk of bias score was calculated due to debate about the validity of 

such measures. Using different risk of bias scoring tools with the same group of studies can yield 

substantially different outcomes, both in terms of the studies that score highly and also the pooled 

risk estimates among high-scoring studies.[253] To prevent the choice of risk of bias tool itself 

becoming a source of bias, the domains of the Newcastle-Ottawa scale were considered separately 

to assess whether studies with high risk of bias in a particular domain had systematically different 

findings from those that did not.[253] The domains of the Newcastle-Ottawa scale were: sample 

representativeness, selection of comparator, exposure measure, demonstration that outcome was 

not present at baseline, suitability of covariates (particularly physical activity in the case of this 

study), assessment of outcome, length of follow-up and levels of loss to follow-up. 

For each outcome, the association with public transport was evaluated. For outcomes where 

different exposure measures were available, for example, public transport use and distance to bus 

stops, the associations were compared. Harmonisation was required to facilitate some comparisons, 

for example, studies measuring distances in miles were converted to kilometres. A random-effects 

meta-analysis was used, as described by DerSimonian and Laird, this weights each study 

proportionate to the inverse of its variance giving more weight to larger studies and less weight to 

smaller studies. Studies which used comparable exposure and outcome measures were meta-

analysed, meaning this was carried out on five studies investigating change in transport mode and 

change in BMI.[254] To assess heterogeneity between studies included in the meta-analysis, an I2 
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statistic was calculated; this estimates the percentage of the total variation in estimates which 

results from heterogeneity between studies as opposed to being by a result of chance.[255] To 

assess the potential for publication bias or other study size related heterogeneity, funnel plots were 

used to plot each study’s effect estimate against its standard error.[256] An asymmetrical funnel 

plot indicates systematic differences between the findings of smaller and larger studies, this might 

be explained by publication bias or other small study effects.[256] In order to test the impact of 

including those ceasing public transport in addition to those initiating, and the impact of this on the 

relative weighting given to each included study, a sensitivity analysis was carried out with only data 

on initiating public transport use. 

5.2 Results 

5.2.1 Description of included studies 

Literature searches identified 43,639 studies, which were reduced to 25,735 by the removal of 

duplicates (Figure 5-1). Following screening of titles and abstracts, 229 full texts were assessed for 

eligibility. Of these, 134 were excluded for ineligible exposure (e.g. an inability to separate public 

transport use from other transport modes), 22 were excluded for ineligible outcome (e.g. physical 

activity), 61 were excluded for ineligible study design (29 of which were cross-sectional) and two 

studies were excluded with another publication using the same data preferred. This left 10 eligible 

studies, which were included in the review, five of which were meta-analysed.  
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Figure 5-1: Flow chart of study inclusion 

 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Hone, T., Millett, C., and 
Laverty, A.A. Associations of public transport use with cardio-metabolic health: A systematic review and meta-
analysis. American Journal of Epidemiology, 2019 (in press) by permission of Oxford University Press and John 
Hopkins Bloomberg School of Public Health. All rights reserved. 

Included studies were all of adult populations with mean baseline age between 41 and 62. Six 

studies were from the USA [122, 188, 257-260], three were from the UK [81, 261, 262], and one 

study was from China (Table 5-1).[263] All studies were published after 2008 with five being 

published after 2015.[122, 188, 258, 261, 263] Public transport users were compared with non-users 

in seven studies [81, 188, 257, 258, 260-262], with public transport measured by usual commute 

mode [258, 261, 262] or any public transport use.[81, 188, 257, 260] Proximity to public transport 

was examined by the remaining three studies, two used a measure of distance from home address 

to the nearest bus stop [259, 263], and the final study assessed the impact of new light-rail 

infrastructure.[122] 

Full texts assessed for eligibility
(n = 229)

Records identified through database 
searches (n = 43,639)

Included in the systematic review
(n = 10)

Included in meta-analysis (n = 5)

Duplicates excluded (n = 17,904)

Reasons for Exclusion
Unsuitable exposure (n = 134)
Unsuitable outcome (n = 22) 
Unsuitable study design (n = 61) 
Another publication using the 

same data preferred (n = 2)

Records excluded (n = 25,506)

Title and abstracts screened
(n = 25,735)
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Changes in individual level BMI measures were the primary outcome in seven included studies [81, 

188, 259-263], whereas two studies compared the proportion obese in exposed and unexposed 

groups.[257, 258] The odds ratio for obesity among public transport users and non-users was 

compared in one study.[81] Two studies examined waist circumferences, alongside BMI, as an 

adiposity measure.[81, 259] There was only one study which investigated a non-adiposity outcome, 

this was an ecological comparison of stroke mortality among those living close to new light-rail 

infrastructure and those living at greater distance.[122] Individual level measures of outcome were 

used in eight of the ten studies,[81, 188, 257, 259-263] with two ecological analyses, using data from 

US states [258] and city neighbourhoods.[122]
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Table 5-1: Characteristics of included studies 

First author, year 
[ref] & study 

characteristics 

N average 
follow-

up 
(years) Exposure Outcome Covariates Main findings 

Brown, 2008 [257] 
USA 
Evaluation of TRAX 
light rail line 

n=47 
 

1 Use of light rail Proportion 
obese based on 
BMI 

Income and employment 0.26 (95%CI = 0.01, 0.51) of 
those initiating public transport 
use were obese. Compared 
with 0.65 (95%CI = 0.41, 0.89) 
of non-public transport users 
and 0.15 (95%CI = -0.05, 0.35) 
of continuing public transport 
users  

Brown, 2017 [188] 
USA 
Moving Across Places 
Study 

n=536 
 

1 Use of public 
transport 

Change in BMI Gender, age, education, t1 accelerometer wear 
time, t1 outcome values, changes in 
employment, temperature, self-reported health, 
participation interval, automotive time, and 
accelerometer wear time 

The change in BMI was -
0.56kg/m2 (95%CI = -0.97, -
0.14) in those initiating public 
transport use, 0.66kg/m2 
(95%CI = 0.21, 1.11) in those 
ceasing public transport use 
and 0.01kg/m2 (95%CI = -0.44, 
0.42) in continuing public 
transport users  

Chen, 2017 [258] 
USA 
US government data 

Ecological 10 Proportion of 
the population 
commuting by 
public 
transport 

% of the 
population who 
were obese 
based on BMI 

Per capita state income; State unemployment (% 
of labour force), % of state white population, Log 
of population density, % of state population with 
a bachelor's degree or higher, % of state 
population that consumed fruit 2+ times/day, 
and vegetables 3+ times/day, % of state 
population that engaged in daily physical 
exercise as recommended, per capita state 
healthcare expenditure (2010) 

Higher levels of public 
transport commuting was 
associated with lower rates of 
overweight (-0.32 (95%CI = -
0.05, -0.59)) and obesity (-0.21 
(95%CI = -0.03, -0.39)) a year 
later. A 1% increase in public 
transport commuting was 
associated with a 0.21% 
reduction in obesity prevalence 
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First author, year 
[ref] & study 

characteristics 

N average 
follow-

up 
(years) Exposure Outcome Covariates Main findings 

Flint, 2016 [261] 
UK 
UK Biobank 

n=5861 
 

4.4 Commute 
mode 

Change in BMI Baseline BMI, age, sex, ethnicity, baseline 
household income, household income change, 
educational attainment, self-rated general health 
transitions, manual occupation transitions, 
days/week of leisure moderate physical activity, 
and changes between baseline and follow-up, 
occupational physical activity transitions  

Initiating public transport use 
was associated with a -
0.30kg/m2 (95%CI = -0.47, -
0.13) change in BMI compared 
with 0.32kg/m2 (95%CI = 0.13, 
0.50) among those ceasing 
public transport use 

Hirsch, 2014 [259] 
USA 
Multi-Ethnic Study of 
Atherosclerosis 
(MESA) 

n=5506 
 

9.1 Distance from 
home to 
closest bus 
stop 
(objectively 
measure) 

Change in BMI 
and waist 
circumference 

Time-varying working status, current marital 
status, car ownership, cancer diagnosis, self-
rated health compared with others, income, 
moved house between waves, a time trend and 
interactions of time trends with selected 
covariates (baseline age and race/ethnicity) 
allowing time trends to vary by these 
characteristics. Model 2 also includes potential 
mediators: time varying transport walking 
minutes/week, time varying smoking status, time 
varying alcohol consumption status, and an 
interaction allowing time trends to vary by 
baseline calorie consumption  

An increase of 1km to the 
closest bus stop was associated 
with no change in BMI 
(0.01kg/m2 (95%CI = -0.01, 
0.02)) or waist circumference 
(0.02kg/m2 (95%CI = -0.03, 
0.07)) 

MacDonald, 2010 
[260] 
USA 
New light rail line 
evaluation  

n=301 
 

1+ Light rail use 
after new rail 
line built 

Change in BMI Gender, race, age, employed, miles to work, 
education, rent, social and physical environment, 
plan to use LRT 

Initiating new light rail use was 
associated with a change in 
BMI of -1.18kg/m2 (95%CI = -
2.22, -1.13)  and a reduced 
odds of becoming obese OR= 
0.19 (95%CI = 0.04, 0.92)  
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First author, year 
[ref] & study 

characteristics 

N average 
follow-

up 
(years) Exposure Outcome Covariates Main findings 

Martin, 2015 [262] 
UK 
British Household 
Panel Survey (BHPS)  

n=4056 
 

2 Commute 
mode 

Change in BMI Age, gender and BMI at t0, occupational status, 
working hours, household income, education, 
children, health status, car access at t0. home 
location, income, health, car access and 
pregnancy 

Initiating public transport use 
was associated with a change 
in BMI of -0.12kg/m2 (95%CI = -
0.55, -0.30). Ceasing public 
transport use was associated 
with a BMI change of 
0.46kg/m2 (95%CI = 0.16, 0.86)  

Park, 2017 [122] 
USA 
Texas Department of 
State Health Services 
Center for Health 
Statistics for 2002–
2005  

Ecological 2 Distance from 
home to a new 
light rail line 

% change in 
stroke mortality 

Seasonal and long-term trends, day of the week 
(weekday versus weekend), and the effects of 
meteorology 

There was a reduction in the 
daily total stroke mortality rate 
of 39.3% (6.8, 60.4) within 5 
miles and 33.3% (10.0, 50.6) 
within 10 miles of the light rail 
line but not in control areas; > 
10 miles -4.1% (-31.9, 35.1) 

Sun, 2017 [263] 
China 
China Family Panel 
Study (CFPS) 

n=8028 
 

2 Distance from 
home to 
closest bus 
stop (self-
reported) 

Change in BMI Facilities access, private motor mode, age, age-
squared, male, married, employed, family 
income, family income-squared, meat, junk food, 
eating out, sedentary time, exercise time, 
commute time, sleep time, eating time  

An increase of 1km to the 
closest bus stop was associated 
with -0.10kg/m2 (95%CI = -
0.20, -0.01) 
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First author, year 
[ref] & study 

characteristics 

N average 
follow-

up 
(years) Exposure Outcome Covariates Main findings 

Webb, 2012 [81] 
UK 
English Longitudinal 
Study of Aging (ELSA) 

n=4686 
 

4 Use of public 
transport 

Change in BMI 
Odds of being 
obese, using 
BMI and waist 
circumference  

Age, a quadratic term for age, sex and use of 
public transport in 2006, having a difficulty with 
one or more activities of daily living (ADLs), car 
ownership and financial circumstances 

Initiating public transport use 
was not associated with a 
change in BMI (0.08kg/m2 
(95%CI = -0.10, 0.27)), while 
ceasing public transport use 
was associated with an 
increase in BMI of 0.23kg/m2 
(95%CI = 0.01, 0.46). An 
association was found between 
use of public transport and BMI 
measured obesity, adjusted 
odds ratio (AOR) of 0.79 (95%CI 
= 0.63 to 0.98). This was not 
seen with waist circumference 
measured obesity (AOR=0.96 
(95%CI = 0.80 to 1.16)) 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Hone, T., Millett, C., and Laverty, A.A. Associations of public transport use with cardio-
metabolic health: A systematic review and meta-analysis. American Journal of Epidemiology, 2019 (in press) by permission of Oxford University Press and John Hopkins 
Bloomberg School of Public Health. All rights reserved. 
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5.2.2 Study Quality 

The included studies each contributed between 47 and 8,028 participants, giving a total of 29,021 

participants, in addition to two ecological studies (Table 5-1 and Table 5-2 with additional details in 

Appendix Table A-2 & Error! Reference source not found.). Nationally representative data from 

large population surveys were used by the three studies by Martin et al, Chen et al and Webb et al; 

this should lead to a reduced risk of bias.[81, 258, 262] The distance between home address and 

public transport infrastructure was used to identify participants in four studies by Brown and 

Werner, Brown et al, MacDonald et al and Park et al. [122, 188, 257, 260], with the study by Sun et al 

including only urban residents.[263] Only one of the included studies (Park et al) did not select 

control participants from the same population as the exposed group, which compared those near to 

a new light-rail line with those further away.[122] Self-reported exposure data, which is susceptible 

to recall bias, was used in eight of the included studies.[81, 188, 257, 258, 260-263] Objective 

exposure measures were used in two studies: Park et al to compare those near to new infrastructure 

with those at greater distance [122] and Hirsch et al, which used geographical information systems 

(GIS) to measure distance to the nearest bus stop.[259] 

Objective measures of adiposity were used by five studies (Brown and Werner, Brown et al, Flint et 

al, Webb et al and Hirsch et al) [81, 188, 257, 259, 261], for example, as part of a large survey. 

Objective measures are less susceptible to misclassification bias when compared with self-reported 

adiposity measures [264], which were used by Chen et al, MacDonald et al, Martin et al and Sun et 

al.[258, 260, 262, 263] The study by Park et al examining stroke mortality used death registrations 

and the International Classification of Disease, 10th revision (ICD10) codes I60-I69.[122, 265] The 

study by Brown and Werner collected adiposity data at two time points, pooled these adiposity 

measures, increasing the risk of reverse causality and selection bias e.g. those who are more active 

or generally healthier choosing to live close to public transport.[257] Although the analytical 
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approach of this paper was cross-sectional, in line with the inclusion criteria set out in the review 

protocol, this study was included as the data collection was longitudinal. 

Three of the included studies adjusted for non-transport physical activity, which was considered a 

likely confounding factor as transport physical activity was a hypothesised mechanism for the 

association under investigation, these were the studies by Flint et al, Chen et al and Sun et al.[258, 

261, 263] Additionally, Hirsch et al adjusted for transport walking, using a measure which captured 

time spent walking, for example, to the store.[259] Another potentially important confounder was 

general health, which was accounted for by four studies by Flint et al, Martin et al, Hirsch et al and 

Brown et al, in most cases a self-report health measure was used.[188, 259, 261, 262] In addition to 

this, Webb et al adjusted for Activities of Daily Living (ADLs), which is a measure of a person’s ability 

to person to complete certain tasks, e.g., to get dressed independently.[81] The  by Hirsch et al and 

Sun et al adjusted for a measure of the quality of participant’s diet [259, 263], while one ecological 

study by Chen et al included a measure of health expenditure at the state level.[258] 
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Table 5-2: Scores for domains of Newcastle-Ottawa scale 

First author, year 
[ref] 

Representativ
eness of the 
exposed 
cohort6 

Selection of 
the non-
exposed 
cohort 

Ascertainmen
t of exposure 

Demonstratio
n that 
outcome of 
interest was 
not present at 
start of study 

Comparability 
of cohorts on 
the basis of 
the design or 
analysis 
(adjustment 
variables) 

Assessment 
of outcome 

Was follow-
up long 
enough for 
outcomes to 
occur 

Adequacy of 
follow-up of 
cohorts 

Brown, 2009 [257] C A B B B A A 47% 

Brown, 2017 [188] C A B A B A A 65% 

Chen, 2017 [258] A A B A A C A n/a 

Flint, 2016 [261] B A B A A A A 21% 

Hirsch, 2014 [259] B A A A Ba A A 68% 

MacDonald, 2010 [260] C A B A B C A 60% 

Martin, 2015 [262] A A B A B C A 88% 

Park, 2017 [122] C B A B B B A n/a 

Sun, 2017 [263] C A B A A C A ? 

Webb, 2012 [81] A A B A B A A ? 

See Appendix Table A-3 for adapted Newcastle-Ottawa scale criteria 

a – adjusts for transport walking 
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5.2.3 Public transport and adiposity 

Public transport use studies 

Of the 10 included studies, seven investigated the association between public transport use and 

adiposity. Of these studies, public transport use was assessed by self-reported usual commute mode 

by three studies and any use of public transport by four. Public transport use was consistently 

associated with lower adiposity when compared with no public transport use. Five studies examined 

change in BMI (kg/m2) associated with initiating public transport use and were included in a meta-

analysis (Figure 5-2).[81, 188, 260-262] As four studies examined ceasing public transport use, in 

addition to initiating, they provided two data points to the meta-analysis.[81, 188, 261, 262] The 

meta-analysis found that initiating public transport use was associated with a reduction in BMI of 

0.30 kg/m2 (95% CI=0.14, 0.47). An I2 of 65.1% was associated with this meta-analysis, suggesting a 

moderate amount of between study heterogeneity.[266] The contributing study by MacDonald et al 

showed the largest change in BMI and was also the study with fewest participants and the only one 

of the five not to adjust for a measure of general health, this may have led to a greater risk of bias in 

this study.[260] The exclusion of this study from the meta-analysis led to an estimated reduction in 

BMI of 0.28 (0.12, 0.44) with an I2 of 64.6% (Appendix Figure A-1).  
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Figure 5-2: Forest plot showing change in BMI (kg/m2) associated with initiating public transport 

 

The square surrounding the point estimates represent the weighting given within each analysis 
* Indicates those who ceased public transport use - the direction of BMI change was reversed to allow 
comparison with those initiating 
Weights are from random effects meta-analysis 

The two American studies by Brown et al and MacDonald et al included in the meta-analysis were 

evaluations of new light-rail infrastructure.[188, 260] They both had relatively small sample sizes 

(n=536 and 301) which were selected on the basis of their proximity to the new infrastructure.[188, 

260] The studies by Flint et al, Martin et al and Webb et all were from the UK and had relatively large 

sample sizes (n=5861, 4056 and 4686) and used data from large surveys of the general 

population.[81, 261, 262] The low number of studies included in this analysis meant that formal 

testing for small-study biases, such as publication bias, was not possible while the funnel plot was 

inconclusive (Appendix Figure A-3 ). The disparity in findings between these studies might be 

explained by differences in the location of the studies or due to differences in study design, with the 



Chapter 5 – Associations of public transport use with cardio-metabolic health: a systematic review 
and meta-analysis 

 

77 
 

two US studies being evaluations of new infrastructure, such as the length of follow-up. All four 

studies which examined both initiating and ceasing public transport use found a smaller a change in 

BMI among those initiating public transport use, compared with ceasing public transport use 

(marked in Figure 5-2 with a *), however, in each case the confidence intervals overlapped.[81, 188, 

261, 262] Sensitivity analyses to evaluate the impact of restricting to data from those initiating public 

transport (excluding data from those ceasing public transport) has a slightly smaller effect estimate, 

albeit with reduced precision, -0.26mg/m2 (-0.55, 0.02) (Appendix Figure A-2). Four of the five 

studies provided two data points, with only one study providing a single data point, this study saw its 

weighting to increase from 2.2% in the main analysis to 6.0% in this sensitivity analysis. The other 

four studies saw their relative weighting change little, e.g. Martin et al went from 26.2% in the main 

analysis (combining the weight of the two data points) to 28% in the sensitivity analysis. These minor 

changes to the weighting likely explain why this sensitivity analysis found only a small difference 

from the main analysis. Only one study in the meta-analysis included adjustment for non-transport 

physical activity (Flint et al).[261] However, the findings from this study were consistent with those 

of the other studies and were not substantially altered by non-transport physical activity 

adjustment, e.g. -0.30kg/m2 (-0.47, -0.13) with physical activity adjustment and -0.32kg/m2 (-0.49, -

0.15) without.[261] 

There were three studies of individual level data which provided findings which could not be 

included in the meta-analysis because they were not directly comparable. A study of older people in 

England by Webb et al which found that public transport users were less likely to be obese (BMI > 

30kg/m2) when compared with non-users (adjusted odds ratio (AOR) = 0.79 (0.63 to 0.98)).[81] 

However, this study did not find the same association using waist circumference as a measure of 

obesity.[81] A study in the USA by Brown and Werner found that 65% (95% CI=41, 89) of public 

transport users were obese, whereas among those who initiated or continued using public transport 

this was 26% (1, 51) and 15% (-5, 35) respectively.[257] This study used a cross-sectional analysis and 
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pooled individual level BMI measures from the two time points, which increases the potential impact 

of reverse causality and selection bias. The final study of public transport use and adiposity by Chen 

et al used ecological data over 10 years from the 50 states of the USA.[258] This study found that 

greater levels of public transport commuting were associated with lower rates of overweight (-0.32 

(-0.05, -0.59)) and obesity (-0.21 (-0.03, -0.39)) 12 months later.[258] These finding indicate that a 

1% increase in public transport commuting was associated with a 0.21% reduction in obesity 

prevalence at the state level.[258] 

Proximity to public transport studies 

The association between distance from home address to the nearest bus stop was examined by two 

studies.[259, 263] Their results have been harmonised to allow for comparison, presenting the 

change in BMI per 1km change in distance to the nearest bus stop (Figure 5-2). These studies present 

discordant results, with one study by Hirsch et al from the USA finding no association (0.01kg/m2 (-

0.01, 0.02)), this study additionally found no association with waist circumference. [259] The other 

study by Sun et al, from China, found a negative association with an increase in 1 km to the nearest 

bus stop associated with a BMI change of -0.10kg/m2 (-0.20, -0.01).[263] These difference could be 

due to the availability of alternatives to public transport between the USA and China, such as the 

lower car ownership levels seen in China compared with the USA.[37, 267] This could mean that 

increased distance to bus stops leads bus users in China to walk further but in the USA people chose 

to travel by car rather than walk the greater distances. Indeed evidence from the UK, which has car 

ownership closer to that of the US than China, supports this by suggesting that reduced distance to 

bus stops were associated with increased walking.[268] These studies also differed on several 

characteristics, in addition to location, for example, the USA study objectively measured distance 

from home address to the nearest bus stop, whereas the study in China asked participants to self-

report this distance, which might be susceptible to reporting bias. This could happen if participants 
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with higher BMI overestimated the distance walked to reach a bus stop. The Chinese study adjusted 

for participant’s physical exercise whereas the study of US participants accounted for only transport 

walking. 

5.2.4 Public transport and stroke mortality 

One identified study by Park et al evaluated changes in stroke mortality associated with the opening 

of a new light-rail line.[122] Using data from two years before the line opened to two years after, 

this study compared stroke mortality in residents of all ages living within a 3-, 5- and 10-mile radius 

of the new line, with those at greater than 10 miles. The study used an interrupted time series 

analysis to compare total daily incidence of stroke, adjusting for seasonal and long-term trends, day 

of the week (weekday versus weekend), and the effects of traffic pollution (as measured by 

acetylene concentration). The study found a percentage change in stroke mortality in the 3-, 5- and 

10-mile areas of -46.9 (-72.0, 0.6), -39.3 (-60.4, -6.8) and -33.3 (-50.6, -10.0) respectively.[122] The 

reductions in mortality show an apparent gradient of increasing magnitude of association with 

shorter distance to the new infrastructure, although reduced precision was seen in the smaller areas 

.[122] Those living greater than 10 miles from the new line saw no change in stroke mortality, -4.1% 

(-31.9, 35.1). This study used the same interrupted time series approach to find a decline in average 

levels of the atmospheric pollutant acetylene, which the study suggests as a possible causal 

mechanism for the changes in stroke mortality.[122] 

5.3 Discussion 

5.3.1 Main finding 

This systematic review found 10 studies investigating the associations between public transport and 

cardio-metabolic outcomes. There were accordant findings that initiating public transport use was 
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associated with reduced adiposity, while proximity to public transport had mixed associations with 

adiposity. Few studies were located which examined associations between public transport and 

cardio-metabolic outcomes, other than adiposity. 

5.3.2 Strength and limitations 

This is the first systematic review examining the association between public transport and cardio-

metabolic health. The exclusion of cross-sectional studies and the identification of studies with 

repeated measures allowed the investigation of intra-individual changes in outcome, which should 

reduce the risk of bias caused by unmeasured confounding.[250] Only one individual level study 

adjusted for non-transport physical activity, however, this study by Flint et al had findings that were 

comparable with other included studies and similar effect estimates with and without physical 

activity adjustment.[261] The search strategy employed for this review was comprehensive and 

covered transport, in addition to health, literature databases in order to minimise the possibility of 

overlooking relevant studies. The breadth of the search was augmented by the inclusion of grey 

literature, from grey.eu, Google and the Transport Database. Meta-analysis was possible using five 

studies, with those studies not included in the meta-analysis having broadly consistent findings with 

those that were.  

Limitations of this review include the use of usual commute mode as the exposure measure in three 

of the included studies. This measure fails to capture any use of additional modes, either as part of 

the same journey or on different days of the week. The effect of this misclassification is unknown 

but there is there is no reason to assume it was differential, i.e. that some modes were more likely 

to be misclassified than others. If this were the case and the misclassification was non-differential, it 

would lead to a bias towards the null.[269] There was also substantial heterogeneity in the methods 

of exposure ascertainment, for example, one study by Flint et al combined public transport 
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commuters with walking and cycling when examining the effects of switching to, and from, car 

use.[261] Assuming that walking and cycling were associated with greater adiposity changes than 

public transport, this might lead to an overestimate of the association. All studies of adiposity used 

BMI as a measure, although two additionally used waist circumference. Although the validity of BMI 

as an adiposity measure is been criticised, especially with respect to its stability across age and 

ethnic groups, it remains a commonly used measure of adiposity in population studies.[234, 270]  

Nine studies of adiposity and one examining stroke mortality constitutes a small evidence base, 

especially given the many other cardio-metabolic outcomes which remain unstudied. The included 

studies varied in terms of methodological quality and analytical approach, for example, several 

studies investigated intra-individual changes in outcomes, but this was not the case for all studies. 

Indeed, one study by Brown and Werner measured BMI at two time points but pooled the measures 

from both and examined the association between this pooled measure and change in transport 

mode.[257] This led to an increased risk of bias from reverse causality and self-selection. Many of 

the included studies were limited in their selection of covariates, leading to a failure to adjust for 

several potentially important confounding factors. For example, just three studies adjusted for non-

transport physical activity [258, 261, 263], and two adjusted for diet quality [259, 263], which were 

considered likely confounders of the association being examined. Bias might result from unobserved 

confounding due to selection effects among public transport users and those that initiate its use. The 

insufficient number of included studies means that tests for publication bias and other small study 

effects were not possible. Nine of the 10 studies were from the USA or UK, which despite many 

similarities also differ substantially with respect to car dependence, population density in urban 

areas and public transport provision.[271-273] A greater number of studies from a wider range of 

contexts are required to examine how these factors influence the relationship between public 

transport use and cardio-metabolic health, therefore, at present the generalisability of these 
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findings is not known.[197, 274, 275] It is possible that given the recent publication dates of all the 

included studies, additional studies are currently being conducted which will address this. 

5.3.3 Comparisons with other research 

Research on the cardio-metabolic effects of transport has largely centred on walking and cycling, 

which are associated with greater benefits than seen with public transport in this chapter.[181] A 

2015 systematic review and meta-analysis of the impact of walking interventions found that they 

resulted in a change in BMI of -0.53 kg/m2 (-0.72, -0.35).[276] That walking is associated with a 

greater change in BMI than is seen in the finding is this chapter (-0.30kg/m2 (-0.47, -0.14)) is 

compatible with those walking entire journeys accumulating more physical activity than those 

walking to access public transport. However, this might not always be the case, as many walking 

journeys are relatively short in distance.[277, 278] The literature search identified only one study 

that assessed a non-adiposity outcome, which investigated stoke mortality. This means that 

conclusions about public transport and cardio-metabolic health more generally are not possible. In 

comparison, a meta-analysis examining commute mode found that a combined measure of walking 

and cycling was associated with an 11% reduced risk of CVD.[171] Further research is required into 

the associations of public transport with non-adiposity cardio-metabolic health outcomes, especially 

given that an association was seen with adiposity. 

5.3.4 Implications 

Although the magnitude of the changes in adiposity associated with initiating public transport might 

appear modest, a reduction in BMI of 0.30kg/m2 translates to a mean weight loss of 0.9kg in men 

and 0.8kg in women in the population of England.[279] This would be a clinically significant 

reduction in adiposity and is comparable with, or greater than, that is seen with many individually 

focused interventions.[280, 281] 
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The literature search in this chapter identified very little research into the associations between 

public transport and non-adiposity cardio-metabolic health outcomes. For this reason, it is important 

that the association between public transport use and cardiovascular disease be investigated. High 

levels of adiposity are merely a risk factor for disease, although it has been strongly linked with 

serious ill-health, for example, type 2 diabetes, CVD and mortality.[282-284] There were very few 

studies, even at an ecological level which investigated an association between public transport and 

cardio-metabolic health other than adiposity [122, 285], and there was not a single individual level 

study investigating this. Further research is required to investigate the health effects of public 

transport use, which is essential if policy in this area is to be evidence-based. Future research should 

investigate the impact of public transport on incident type 2 diabetes and CVD, using methods that 

account for selection bias and unobserved confounding. 

5.4 Conclusion 

Initiating public transport use was associated with a modest but clinically significant reduction in 

adiposity, while proximity to public transport had mixed associations with adiposity. There is little 

available evidence investigating public transport and any other cardio-metabolic outcomes. More 

research into public transport and cardio-metabolic health is required, especially into more clinically 

relevant outcomes, such as CVD mortality, with greater control for potentially confounding factors, 

for instance diet quality and non-transport physical activity. 
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 Chapter 6 – Public Transport users in England 

Transport use statistics can be presented in several different ways, including journey rates and 

distance travelled, or the percentages thereof, which can each give a different picture, when speed 

of travel varies by mode. For example, slower transport modes make up a much smaller proportion 

of distance than of journeys. The DfT gathers detailed travel data and publishes routine statistics by 

both journey rates and distance.[11] Usual commute mode is also often measured, because it is 

relatively easy to measure and commuting is an important contributor to total travel. However, 

many people use multiple modes, including more than one type of public transport, therefore these 

categorisations are not always the most useful.  

Available data on the characteristics of public transport users in England are primarily descriptive 

and therefore not adjusted for other factors, such as socio-economic position. For example, a 

comparison of the percentage of journeys per person per year, by mode, and socio-economic 

position would be influenced by geospatial characteristics, such as a greater proportion of socio-

economically advantaged people living in London, which has a dense public transport network.[18, 

286, 287] Data on the characteristics of the users of specific public transport modes, where it is 

available at all, is also descriptive and therefore unadjusted. 

There is currently no detailed characterisation of public transport users in England, which examines 

individual and neighbourhood attributes of public transport users. In addition, the use of separate 

public transport modes, including light-rail, has also not previously been well quantified. This chapter 

used detailed travel data from a sample of England residents that was nationally representative in 

terms of age, sex and region of residence to examine frequency of public transport use. Research 

questions addressed in this chapter are: 
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• How common is public transport use and the use of specific public transport modes (bus, 

train and light-rail) in England? 

• Which individual and neighbourhood characteristics are associated with public transport use 

and the use of specific public transport modes in England? 

6.1 Methods 

6.1.1 Data 

The data used in this chapter come from the National Travel Survey (NTS), which is a survey of the 

travel patterns of England residents, commissioned by the DfT.[288] NTS used two-stage random 

probability sampling and weighting to arrive at a representative sample of households in 

England.[202] The first stage of sampling involved a random draw of postcode sectors, stratified by 

geographical region, car ownership and population density (of postcode sector). Postcode sectors 

were the primary sampling unit in NTS, they have an average population of approximately 7,000 

people. Some additional oversampling was used to take account of lower response rates in London. 

In the second stage, a household address was selected from the Postcode Address File, which is a list 

about 22.9 million addresses in the UK. In 2014, 12,852 addresses in England were selected from 756 

postcode sectors. NTS employed what they call a quasi-panel design, whereby half of the postcode 

sectors were retained for the subsequent year’s sample. Household addresses included in the 

previous three years were excluded, although this would not prevent those who moved address 

from being invited to participate in multiple years. Full details of the survey design can be found in 

study documentation.[202, 289] 

All residents of selected households were asked to participate in the survey, this involved a face-to-

face computer assisted personal interview and the completion of a 7-day travel diary. The interview 

included questions about socio-demographic characteristics, which will be described in greater detail 
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below, in addition to questions about travel, such as cycling frequency and public transport use. 

Households were assigned a reference person, usually the member with the highest income, who 

answered questions about the household, such as tenure and length of residence. Data provided by 

participants were combined with data derived from the household postcode sector, including 

population density, size of their conurbation of residence and a rural/urban categorisation. NTS 

annual response rates between 2006 and 2014 were between 59% and 63%, which is broadly 

comparable with other nationally representative surveys.[202, 290] 

Participants used the travel diary to record all journeys carried out in a 7-day period, along with 

details of start and end locations, mode, distance, time taken and vehicles used. A journey was 

defined as “one-way course of travel from one place to another with a single main purpose”.[202] 

For journeys which comprised more than one stage, details of each stage should have been recorded 

separately, with a new journey stage designated when the mode changed or where there was a 

change in vehicle which required a separate ticket. NTS therefore contains data about all journeys 

and also all individual journeys stages, giving granular data about travel patterns. NTS assigned a 

main mode to all journeys, journeys containing stages of differing modes were assigned a main 

mode based on that used for the longest stage, by distance. Participants began completing their 

travel diary on a specified day of the week to ensure an even spread across the sample. 

Outcomes examined in this chapter were frequency of bus and train use from the interview 

questions, in addition to a binary measure of each of: public transport use, bus use, light-rail use and 

train use, which were based on any use during the 7-day diary period. Frequency of use data were 

from responses to the interview question: “How frequently do you use local buses? Please count 

each single trip as one journey and each return trip as two” and an equivalent question about 

frequency of train use. The question about frequency of train use specifically excludes underground, 

tram or light-rail and no separate question is asked about frequency of light-rail use. Respondents to 
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these questions selected from seven potential frequencies (three or more times a week; once or 

twice a week; less than that but more than twice a month; once or twice a month; less than that but 

more than twice a year; once or twice a year; less than that or never).  

In addition to data from the interview about bus and train use frequency, data from the travel diary 

were used to identify participants who were public transport users. Each journey stage was 

categorised as being public transport or not. Stages were also categorised by specific public 

transport mode: bus, train or light-rail. Train use refers to surface rail (sometimes known as National 

Rail), while light-rail includes London Underground, in addition to eight other urban rail networks 

(Dockland Light Railway and Tramlink in London, alongside networks in Nottingham, the Midlands, 

Sheffield, Tyne and Wear, Manchester and Blackpool). A binary variable was then created for each 

participant based on whether they reported any stage using a public transport mode in the diary 

week. Binary variables were then created for any use of each of bus, light-rail and train in the diary 

week, allowing participants to be a user of more than one public transport mode. The interview 

questions looked at travel frequency of less than once a week and so allowed some understanding of 

those using public transport modes less frequently, while the diary data allowed a more detailed 

understanding of the different modes used by participants. 

NTS participants provide details of their: age, sex, ethnicity (White, South Asian, Black, Other), 

household access to a car (yes, no). Size of their conurbation of residence (categorised as: London, 

metropolitan built-up areas/large urban >250k population, small/medium urban 50k-250k 

population and <50k population) and the population density of the household’s postcode sector 

(<10, 10-24.99, 25-39.99, 40-74.99, 75+ persons/hectare) were also used.[288] The socio-economic 

position of participants was derived using household income (less than £25,000, £25,000-£49,999, 

£50,000 and over), housing tenure (owns, rents) and a measure of occupation related socio-

economic position. This was calculated using the highest National Statistics Socio-economic 
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Classification (NS-SEC) of any resident of the participant’s household (Managerial, Intermediate, 

Routine/manual, Not Classified – this group includes students, in addition to the long term 

unemployed).[288] 

The analyses in this chapter used data from the 2010-2014 waves of NTS, which were pooled to 

increase the sample size and increase statistical power. Although addresses were excluded from the 

sampling frame for the three years following participation, by pooling five years’ worth of data it is 

possible that the same participants were sampled twice. However, it was not possible to know 

whether this was the case from the data and it was considered unlikely. The sample was restricted 

to those participants aged 17 years and above from households in which all members participated in 

the interview and completed the 7-day travel diary, giving an analytical sample of 61,612.  

6.1.2 Analyses 

Frequency of bus and train use from the interview were examined descriptively. Data from the NTS 

diary were then used to assess whether reporting using a bus, light-rail or a train in the diary week 

were associated using any other public transport mode, this was done using cross-tabulation and 

Pearson’s Chi squared tests. Diary data were then used to descriptively examine combinations of 

public transport modes used by public transport users. Data from the diary were then used to 

summarise the characteristics of public transport users with differences in public transport use 

across levels of each characteristic assessed using a Pearson’s chi squared test. Associations 

between participant characteristics and public transport use were examined using logistic 

regression. This was carried out univariate for each characteristic and was carried out maximally-

adjusted with all variables included in the model simultaneously. Logistic regression was then also 

used to examine the characteristics associated with bus use, light-rail use and train use in the same 

way. The amount of public transport accumulated by those characterised as users of each mode was 
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then calculated using the median and interquartile range (IQR), along with the mean and 95% CIs for 

the number of stages reported. 

The complex survey design employed by NTS meant that individuals were not sampled 

independently, i.e. they were clustered within postcode sectors and households. If this were not 

accounted for, it could lead to increased variability between different years of NTS, therefore 

regression analyses took account of clustering within primary sampling units, which in NTS was the 

postcode sector.[291]. Accounting for variance between primary sampling units automatically 

incorporates additional levels of clustering, in a process known as ultimate clusters, it was therefore 

not necessary to account for further levels of clustering, for example, at the household level.[292, 

293]. Although this assumption is based on replacing sampling units after selection (allowing them to 

be selected again), which was not the case in NTS, where sampling fractions are small this is 

understood to have little impact.[292, 293] As regression took place at the individual level, with 

stages used simply to identify individuals who used public transport, further clustering of stages 

within journeys was therefore not relevant to this analysis. 

NTS provides weights for use in analyses, which aim to correct for biases in different levels of data, 

caused by differing probabilities of being sampled.[291] At the household level, these biases include 

non-response bias and selection bias, for example, due to multiple households sharing an 

address.[202] Non-responders and those with shared addresses are known to differ from the general 

population in terms of age and socio-economic position.[202] Weights were also used to ensure that 

the sample was representative in terms of age, sex and geographical region, based on mid-year 

population estimates calculated using census data. Participants started completing their diaries on 

different days of the week therefore weights at the level of the journey are required to account for 

differences in journey reporting across the days of the diary week (1-7).  
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6.2 Results 

6.2.1 Interview questions on frequency of bus and train use 

The responses to the interview question about frequency of bus use show a broadly bimodal 

distribution with peaks at both frequency extremes (Figure 6-1). 42% of participants used the bus 

less than once a year, while 17% of participants used buses three or more times per week and 11% 

used buses once or twice a week. Intermittent bus use was less common, with between 5% and 9% 

of respondents reporting bus use at least once a year but less than once a week. 

Figure 6-1: The frequency of bus use among NTS participants from 2010-2014 

 

40% of participants used a train less than once a year, which was comparable with the proportion 

reporting this frequency of bus use (Figure 6-2). However, unlike with bus use, there was a trend for 

fewer participants with increasing frequency of use, with 4% reporting train use frequency of three 

or more time per week. 
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Figure 6-2: Frequency of train use among NTS participants from 2010-2014 

 

6.2.2 Analysis of travel diary data 

Public transport use was reported at least once in the diary week by 32.5% of the sample (Table 6-1). 

Women were more likely to use public transport in the diary week than men (35.1% vs 29.6%, AOR = 

1.22 (1.18, 1.27)).  Those aged 40-59 were less likely to use public transport that those aged 17-25 

(25.7% vs. 48.2%, AOR = 0.41 (0.38, 0.44)). Compared with White participants, South Asians were 

more likely to use public transport in the diary week in unadjusted data, 39.7% vs. 30.6% but less 

likely in adjusted analysis (AOR = 0.80 (0.72, 0.90)). Black participants were more likely to use public 

transport in the diary week than White participants (63.6% vs. 30.6%, AOR = 1.67 (1.47, 1.91)). In 

unadjusted data, those in households with an income of less than £25,000 were more likely to use 

public transport in the diary week than those with household incomes of £50,000 or more, 37.7% vs. 

30.9%, but in adjusted analyses were less likely (AOR = 0.84 (0.79, 0.90)). In unadjusted analyses, 

participants living in rented accommodation were more likely to use public transport in the diary 
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week than those living in owned accommodation, 42.9% vs. 28.3%, but less likely in adjusted analysis 

(AOR = 0.93 (0.88, 0.99)). Those with no access to a car were more likely to use public transport in 

the diary week than those with car access (68.4% vs. 24.8%, AOR=5.89 (5.49, 6.32)). Residents of 

more population dense neighbourhoods were more likely to use public transport in the diary week 

than those living in lower population density areas, for example, comparing residents of areas with 

75+ persons per hectare with these in areas of <10 persons per hectare, public transport use was 

66.6% vs. 20.8%, AOR = 1.96 (1.68, 2.29). Residents of smaller conurbation types had lower public 

transport use than London residents, for example, compared with London residents, those who live 

in areas with fewer than 50,000 residents had public transport use of 20.3% vs. 59.8%, AOR = 0.27 

(0.24, 0.30). 
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Table 6-1: Characteristic of public transport users and predictors of public transport use among NTS participant 
2010-2014 

 

% using public 
transport in 

the diary 
week 

Chi-square 
p-value* AOR 95% CI 

% reporting any use 32.5    

Sex     
Men 29.6 <0.001 1.00  
Women 35.1  1.22 (1.18, 1.27) 

Age     
17-25 48.2 <0.001 1.00  
26-39 32.5  0.49 (0.45, 0.53) 
40-59 25.7  0.41 (0.38, 0.44) 
60+ 33.8  0.61 (0.57, 0.66) 

Ethnicity     
White 30.6 <0.001 1.00  
South Asian 39.7  0.80 (0.72, 0.90) 
Black 63.6  1.67 (1.47, 1.91) 
Other 46.9  1.05 (0.93, 1.19) 

Household NS-SEC - Social Class     
Managerial 30.2 <0.001 1.00  
Intermediate 28.7  0.80 (0.75, 0.85) 
Routine/manual 37.9  0.86 (0.80, 0.91) 
Unclassified 49.9  0.77 (0.66, 0.89) 

Household Income     
£50,000 and over 30.9 <0.001 1.00  
£25,000 to £49,999 27.5  0.84 (0.79, 0.90) 
Less than £25,000 37.7  0.88 (0.82, 0.94) 

Housing Tenure     
Owns 28.3 <0.001 1.00  
Rents 42.9  0.93 (0.88, 0.99) 

Car Access     
Access to a car 24.8 <0.001 1.00  
No car access 68.4  5.89 (5.49, 6.32) 

Population Density**     
<10 20.8 <0.001 1.00  
10-24.99 30.2  1.21 (1.11, 1.32) 
25-39.99 33.9  1.26 (1.14, 1.38) 
40-74.99 46.0  1.50 (1.35, 1.67) 
75+ 66.6  1.96 (1.68, 2.29) 

Conurbation Type     
London 59.8 <0.001 1.00  
Metropolitan & >250k 35.1  0.39 (0.36, 0.43) 
50k-250k 28.6  0.32 (0.29, 0.35) 
<50k 20.3  0.27 (0.24, 0.30) 
NS-SEC - National Statistic Socio-economic classification AOR – adjusted odds ratio 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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57.5% of public transport users reported only using the bus, while 75.1% used only one public 

transport mode (Figure 6-3). However, among those participants who used public transport, the use 

of one public transport mode was associated with the use of others in descriptive analyses, 

differences here were tested with a Chi-squared test. Train use was more likely among bus users 

(18.7%) than non-bus users (7.95%, p<0.001). Light-rail use was 4.5% in non-bus users and 13.9% in 

bus users (p<0.001). 35.2% of train users used light-rail compared with 3.5% of non-train users 

(p<0.001). 

Figure 6-3: The distribution of public transport modes among those who reported using public transport in the 
travel diary n=19,858 

 

Bus travel was reported by 24.9% of participants, with women more likely to use a bus in the diary 

week than men (28.4% vs. 20.8%, AOR = 1.44 (1.38, 1.50)) (Table 6-2). Those aged 17-25 were most 

likely to use a bus in the diary week, while those aged 40-59 were least likely (37.5% vs 17.2% (AOR = 

0.43 (0.39, 0.46)). Black participants were more likely to use a bus in the diary week than Whites 
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(55.4% vs. 23.2%, AOR = 2.16 (1.89, 2.48)). Those from households whose highest NS-SEC was a 

routine/manual occupation were more likely to use a bus in the diary week than those from 

managerial occupation households (34.6% vs. 19.7%, AOR = 1.16 (1.08, 1.24)). Those with household 

incomes of less than £25,000 were more likely to use a bus in the diary week than those in 

households with an income of £50,000 or more (33.3% vs. 17.1%, AOR = 1.24 (1.15, 1.33)). Those 

with no access to a car were more likely to use a bus in the diary week than those with car access 

(62.0% vs. 16.9%, AOR = 5.68 (5.28, 6.11)). Residents of high population density neighbourhoods 

were more likely to use a bus in the diary week than those in areas of lower population density. For 

example, those in postcode sectors with 75 or more persons per hectare were more likely to use a 

bus than those in sectors of less than 10 persons per hectare (51.3% vs. 15.0%, AOR = 1.65 (1.39, 

1.95)). 
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Table 6-2: Characteristic of bus users and predictors of bus use among NTS participant 2010-2014 

 

% using a 
bus in the 

diary week 
Chi-square 
p-value* AOR 95% CI 

% reporting any use 24.9    
Sex     
Men 20.9 <0.001 1.00  
Women 28.4  1.44 (1.38, 1.50) 

Age     
17-25 37.5 <0.001 1.00  
26-39 21.8  0.44 (0.41, 0.49) 

40-59 17.2  0.43 (0.39, 0.46) 

60+ 30.3  0.84 (0.77, 0.91) 

Ethnicity     
White 23.2 <0.001 1.00  
South Asian 29.8  0.97 (0.85, 1.10) 

Black 55.4  2.16 (1.89, 2.48) 

Other 36.1  1.14 (0.99, 1.31) 

Household NS-SEC - Social Class     
Managerial 19.7 <0.001 1.00  
Intermediate 23.5  1.00 (0.93, 1.07) 

Routine/manual 34.6  1.16 (1.08, 1.24) 

Unclassified 41.0  0.80 (0.68, 0.96) 

Household Income     
£50,000 and over 17.1 <0.001 1.00  
£25,000 to £49,999 21.0  1.17 (1.09, 1.26) 

Less than £25,000 33.3  1.24 (1.15, 1.33) 

Housing Tenure     
Owns 20.3 <0.001 1.00  
Rents 36.2  0.99 (0.93, 1.06) 

Car Access     
Access to a car 16.9 <0.001 1.00  
No car access 62.0  5.68 (5.28, 6.11) 

Population Density**     
<10 15.0 <0.001 1.00  
10-24.99 23.0  1.17 (1.06, 1.28) 

25-39.99 26.6  1.22 (1.10, 1.36) 

40-74.99 36.2  1.46 (1.29, 1.65) 

75+ 51.3  1.65 (1.39, 1.95) 

Conurbation Type     
London 43.3 <0.001 1.00  
Metropolitan & >250k 29.2  0.58 (0.53, 0.64) 

50k-250k 22.8  0.45 (0.41, 0.50) 

<50k 14.4  0.34 (0.31, 0.39) 
NS-SEC - National Statistic Socio-economic classification AOR – adjusted odds ratio 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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Light-rail use was reported in the travel diaries of 6.8% of participants and was less common among 

women than among men (6.4% vs. 7.3%, AOR = 0.88 (0.83, 0.94)) (Table 6-3). Those in older age 

groups were less likely to use light-rail than younger participants, for example, those aged 60 and 

above were less likely to use light-rail compared with those aged 17-25 (3.7% vs. 9.3%, AOR = 0.51 

(0.44, 0.60)). In unadjusted data, light-rail use was 6.0% in Whites, 11.4% in South Asians and 16.8% 

in Black participants. However, in adjusted analyses White participants were more likely to use light-

rail than both South Asian and Black participants, who had AORs = 0.59 (0.49, 0.71) and 0.75 (0.62, 

0.91) respectively. Residents of households with an income of less than £25,000 were less likely to 

use light-rail in the diary week than residents of households with an income of £50,000 or more 

(4.5% vs. 11.5%, AOR = 0.52 (0.46, 0.59)). Those without car access were more likely to use light-rail 

in the diary week than those with access (12.0% vs. 5.7%, AOR = 2.30 (2.01, 2.63)). Participants living 

in higher population density neighbourhoods were more likely to use light-rail in the diary week than 

those in lower density neighbourhoods, for example, residents of areas with 75 or more persons per 

hectare had light-rail use of 31.4%, compared with 2.8% in areas of fewer than 10 persons per 

hectare (AOR = 2.75 (2.93, 3.66)).  
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Table 6-3: Characteristic of light-rail users and predictors of light-rail use among NTS participant 2010-2014 

 

% using 
light-rail in 
the diary 

week 
Chi-square 
p-value* AOR 95% CI 

% reporting any use 6.8    

Sex     
Men 7.3 <0.001 1.00  
Women 6.4  0.88 (0.83, 0.94) 

Age     
17-25 9.3 <0.001 1.00  
26-39 10.2  0.98 (0.86, 1.12) 
40-59 6.8  0.72 (0.63, 0.81) 
60+ 3.7  0.51 (0.44, 0.60) 

Ethnicity     
White 6.0 <0.001 1.00  
South Asian 11.4  0.59 (0.49, 0.71) 
Black 16.8  0.75 (0.62, 0.91) 
Other 15.5  1.00 (0.80, 1.24) 

Household NS-SEC - Social Class     
Managerial 9.0 <0.001 1.00  
Intermediate 4.5  0.55 (0.48, 0.62) 
Routine/manual 3.5  0.42 (0.37, 0.49) 
Unclassified 9.8  0.66 (0.53, 0.81) 

Household Income     
£50,000 and over 11.5 <0.001 1.00  
£25,000 to £49,999 5.7  0.64 (0.57, 0.71) 
Less than £25,000 4.5  0.52 (0.46, 0.59) 

Housing Tenure     
Owns 6.3 <0.001 1.00  
Rents 8.2  0.84 (0.76, 0.94) 

Car Access     
Access to a car 5.7 <0.001 1.00  
No car access 12.0  2.30 (2.01, 2.63) 

Population Density**     
<10 2.8 <0.001 1.00  
10-24.99 4.0  0.98 (0.78, 1.23) 
25-39.99 5.2  1.23 (0.94, 1.61) 
40-74.99 12.1  1.73 (1.33, 2.24) 
 75+ 31.4  2.75 (2.06, 3.66) 

Conurbation Type     
London 26.1 <0.001 1.00  
Metropolitan & >250k 3.9  0.15 (0.13, 0.18) 
50k-250k 2.7  0.12 (0.10, 0.15) 
<50k 2.4  0.12 (0.10, 0.16) 
NS-SEC - National Statistic Socio-economic classification  AOR – adjusted odds ratio 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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Train use was reported in the travel diaries of 10.6% of participants, with women less likely to use a 

train in the diary week than men (9.9% vs. 11.4%, AOR of 0.86 (0.82, 0.91) (Table 6-4). Those aged 

60+ were less likely to use trains than those aged 17-25 (6.0% vs. 16.6%, AOR= 0.37 (0.33, 0.41). In 

unadjusted data, South Asians were more likely to use a train in the diary week that White 

participants, 12.6% vs. 10.0%, but the opposite was true in adjusted analyses (AOR=0.67 (0.57, 

0.78)). Those of Black ethnicity were also more likely to use a train in the diary week than Whites in 

unadjusted data, 19.7% vs. 10.0%, this was not seen in adjusted analyses (AOR = 1.03 (0.88, 1.20). 

Those in routine/manual occupation households were less likely to use a train in the diary week than 

those in managerial occupation households (5.9% vs. 13.6%, AOR of 0.44 (0.40, 0.49). Participants in 

households with an income of less than £25,000 were less likely to use a train in the diary week than 

those with household incomes of at least £50,000 (7.4% vs. 16.7%, AOR of 0.60 (0.54, 0.66)). Those 

with no access to a car were more likely to use a train in the diary week than those with car access 

(14.8% vs. 9.7%, AOR=2.14 (1.93, 2.38)). Participants living in London were more likely to use a train 

in the diary week than those in other conurbation types, for example, residents of conurbations of 

fewer than 50,000 inhabitants had an AOR of 0.32 (0.27, 0.37). 
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Table 6-4: Characteristic of train users and predictors of train use among NTS participant 2010-2014 

 

% using a 
train in the 
diary week 

Chi-square 
p-value* AOR 95% CI 

% reporting any use train 10.6    

Sex     
Men 11.4 <0.001 1.00  
Women 9.9  0.86 (0.82, 0.91) 

Age     
17-25 16.6 <0.001 1.00  
26-39 14.3  0.77 (0.69, 0.84) 

40-59 10.4  0.55 (0.50, 0.60) 

60+ 6.0  0.37 (0.33, 0.41) 

Ethnicity     
White 10.0 <0.001 1.00  
South Asian 12.6  0.67 (0.57, 0.78) 

Black 19.7  1.03 (0.88, 1.20) 

Other 15.9  0.89 (0.72, 1.10) 

Household NS-SEC - Social Class     
Managerial 13.6 <0.001 1.00  
Intermediate 7.7  0.63 (0.57, 0.69) 

Routine/manual 5.9  0.44 (0.40, 0.49) 

Unclassified 14.7  0.84 (0.70, 1.00) 

Household Income     
£50,000 and over 16.7 <0.001 1.00  
£25,000 to £49,999 9.4  0.67 (0.62, 0.73) 

Less than £25,000 7.4  0.60 (0.54, 0.66) 

Housing Tenure     
Owns 10.5 0.082 1.00  
Rents 11.0  0.80 (0.73, 0.87) 

Car Access     
Access to a car 9.7 <0.001 1.00  
No car access 14.8  2.14 (1.93, 2.38) 

Population Density**     
<10 7.4 <0.001 1.00  
10-24.99 9.3  1.14 (1.00, 1.30) 

25-39.99 10.4  1.20 (1.04, 1.40) 

40-74.99 15.0  1.30 (1.11, 1.52) 

75+ 22.8  1.17 (0.96, 1.43) 

Conurbation Type     
London 24.8 <0.001 1.00  
Metropolitan & >250k 8.2  0.32 (0.28, 0.36) 

50k-250k 8.3  0.33 (0.29, 0.38) 

<50k 7.2  0.32 (0.27, 0.37) 
NS-SEC - National Statistic Socio-economic classification  AOR – adjusted odds ratio 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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Among participant who reported at least one journey stage by public transport in the 7-day travel 

diary, the median stages reported was 4.5 (interquartile range (IQR) = 2.2 – 9.7), while the mean 

number of stages was 6.8 (95% CI = 6.7 – 6.8). For participants reporting at least one bus stage, the 

median stages reported was 4.1 (IQR = 2.1-8.3) and mean was 5.6 (95% CI = 5.5 – 5.7). For 

participants reporting at least one stage by light-rail, the median stages reported was 3.1 (IQR = 2.0 – 

6.2), while the mean stages was 5.1 (95% CI = 4.9 – 5.2). For participants who reported at least one 

stage by train, the median stages reported was 2.2 (IQR = 2.0 – 6.2), while the mean stages was 4.2 

(95% CI = 4.1 – 4.3). 

Table 6-5: Amount of public transport stages reported in the travel diary of those reporting at least some use 

Mode 
N 

(% of population*) 
Median  
stages 

IQR 
Mean 
 stages 

95% CI 

Public Transport 20, 029 (32.5) 4.5 2.2 - 9.7 6.8 6.7 – 6.8 

Bus 15, 308 (24.9) 4.2 2.1 – 8.3 5.6 5.5 – 5.7 

Light-rail 4, 212   (6.8) 3.1 2.0 – 8.3 5.1 4.9 – 5.2 

Train 6, 540 (10.6) 2.2 2.0 – 6.2 4.2 4.1 – 4.3 

 

6.3 Discussion 

6.3.1 Main findings of this chapter 

These findings show than nearly one third of people use public transport at least once a week and 

that more than twice as many people use a bus in a given week than use a train. Public transport use 

was common among women, the oldest and the youngest, those of minority ethnicities, those in 

socio-economically disadvantaged households and those living in large conurbations. Of those that 

used public transport, bus use was the most commonly used mode, although nearly a quarter of 

public transport users used more than one public transport mode. However, the characteristics of 

the users of different public transport modes were distinct. Bus use was more common among 

women, those living in socio-economically disadvantaged households and those living in areas with 

higher population density than in men, those in socio-economically advantaged households and 
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those in areas with lower population density respectively. Train use was were more likely among 

participants who were men, aged less than 25, and from socio-economically advantaged households 

than in women, older people and those from less socio-economically advantaged households. 

6.3.2 Strengths and weaknesses 

Strengths of the analysis in this chapter include the use of a large sample from a representative data 

source and the use of a travel diary, which should help to reduce the reporting bias associated with 

self-reported surveys of travel behaviour.[200] Detailed data about modes of transport allowed for a 

disaggregation of different public transport modes, including separating the users of light-rail and 

trains. The inclusion of public transport use for all purposes means that, unlike most surveys of 

commute mode, it captures the use of multiple modes, within one day and across the week.[294] 

Furthermore, by examining the use of public transport modes descriptively and while adjusting for 

other factors, this analysis was able to explore the interrelated nature of different factors associated 

with the use of public transport modes. 

Weaknesses of this study include the use of self-reported survey data, which are subject to reporting 

bias. Research to validate a travel diary similar to the one used in NTS, by comparing it with a body 

worn camera, found that the travel diary under-reported the number of journeys and over-reported 

journey duration.[204] The effect of this underreporting on the findings of this chapter are 

uncertain, with insufficient data available on whether the underreporting differs across public 

transport modes. It would only affect these findings if participants failed to report all journeys of a 

particular public transport mode.  

The interview questions required participants to quantify their frequency of bus or train use in the 

preceding 12 months, which assumes a considerable level of recall. There is no evidence that recall 
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differed across pubic transport modes, however, it is plausible that train use is more memorable 

than bus use. Frequency of use data were only available for bus and train. The train use question 

explicitly excluded the use of light-rail or metro systems, such as the London Underground, and no 

separate question was asked about the frequency of light-rail use. This means that light-rail use of 

less than once a week could not be quantified and the examination of overall public transport use 

was not possible with interview data.  

However, it is possible to compare bus and train use between the interview question, relating to the 

previous 12 months, and the travel diary, which sampled a single 7-day period, to enable some 

degree of validation. 28% of participants reported bus use at least once a week in the interview, 

compared with 33% in participant diaries. Train use at least once a week was seen in 8% of 

participant interviews and 11% of travel diaries. Although broadly comparable, these differences 

might suggest a slight underreporting of bus and train use when participants are asked in the 

interview to estimate their journey frequency in the preceding 12 months. In addition to recall bias 

leading to an underestimate in the interview questions, this might reflect the slightly different 

samples used, which was due to missing data for the interview questions. 2,623 participants were 

excluded due to missing data for bus use frequency, however, only 22 people failed to provide a 

frequency of train use. Finally, the interview question about frequency of bus use was restricted to 

local bus use, the analysis of the diary data did not make this restriction. 

Travel diary data about the use of different public transport modes were recorded on a single week. 

It is uncertain whether this was representative of participants’ normal travel behaviour. However, 

NTS data was gathered all year-round, with even coverage throughout the year to prevent seasonal 

variations.[202] As the sample size was large, variations from usual behaviour were expected to 

cancel out across the population. 
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All variables were simultaneously included in the models in order to statistically adjust for potential 

confounding, however, there was likely to be some residual confounding. Although several variables 

were included which capture socio-economic position, it is likely that the measures used were 

insufficient. The measure of ethnicity combined groups which are known to have some differences, 

for example, those of Indian ethnicity were combined with those of Pakistani and Bangladeshi 

ethnicity, therefore heterogeneity within ethnic groups might contribute to residual 

confounding.[93] However, more specific ethnic groups suffered from low numbers of participants 

and could not be examined without a larger sample size or a sample with an ethnic minority boost. 

Additionally, although geographical variables were included, these were unlikely to fully capture 

differences in access to a useful public transport service. 

An important factor related to the use of public transport use is the distance to access public 

transport and the total distance travelled. Distance to access public transport was not available in 

the data used in this thesis so could not be accounted for. Total journey distance might be a 

determinant of the mode of travel used, for example, if the journey is long distance it might be less 

likely to be carried out by bus and more likely to be carried out by train. However, it is also plausible 

that causation runs in both directions, for example, if a bus were the only transport mode available 

(for geographical or financial reasons), an individual might be restricted to shorter distance travel. 

For this reason, distance of journeys was not included in these analyses. 

6.3.3 Comparison with other studies 

The most comparable data for transport mode use are from DfT analyses, which also uses NTS 

data.[43] The DfT analyses were carried out at the journey level, rather than the more granular 

journey stage, which was used in this chapter. They also restricted to local buses rather than 

including all buses and they also did not examine light-rail users. The DfT analyses found local bus 
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use of 24% and train use of 10%, which are very slightly lower than the findings in this chapter.[43] 

The lower findings use might be due to their restriction to local buses or the use of journeys rather 

than stages. The latter is also likely to have a greater impact on bus use than on train use as bus 

travel is generally of shorter distance than train travel, a journey containing both bus and train travel 

is likely to be categorised at a train journey, assuming the train stage is of greater distance than the 

bus stage.  

The DfT analyses also characterised the users of buses and trains.[43] These analyses found similar 

age composition of bus and train users to those in this chapter, although used slightly different 

categorisations.[43] In addition, the DfT analyses found a higher proportion of bus users in the 

lowest two income quintiles and that higher income groups have greater train use, which is 

concordant with the finding in this chapter.[43] That these findings are very similar to those in this 

chapter are reassuring but not surprising. They use data from the same diaries that were used here 

over a very similar time period. They were however, descriptive and therefore not adjusted for 

potentially confounding factors. 

The Census of England and Wales collects data on usual commute mode.[294] Similar to the findings 

of this chapter, census data from 2011 show that bus commuting is more common than train or 

light-rail commuting (7%, 5% and 4% of working adults respectively).[294] These figures are lower 

than the findings in this chapter, which is unsurprisingly as restricting to usual commute mode 

excludes travel for other purposes. It also means that each person only reports one (usual) mode, 

unlike the analyses in this chapter.  

Public transport users in this study can be compared with the public transport commuters who were 

examined by research into the association between public transport and health.[47] This study used 

data from a representative sample of UK residents who participated in UKHLS and found lower 
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absolute levels of public transport use than analyses in this chapter, which is to be expected due to 

the restriction to commute mode. The ethnic profile of public transport commuters appears to be 

comparable with public transport users in this chapter and similar differences in public transport use 

between London and other areas were seen. The greater use of public transport by women is less 

pronounced among commuters, which might reflect a greater propensity for women to travel by 

public transport for reasons other than work. Younger people are more likely to commute by public 

transport, which is consistent with findings in this chapter. Data from the UK Biobank study shows 

that 13% of commuters used public transport, with or without walking/cycling.[180] A further 11% 

commuted using a car in addition to either public transport or walking/cycling.[180] This appears 

comparable with other commuting data, although uncertainty about how many of this 11% used 

public transport makes direct comparisons difficult.   

6.3.4 Implications 

These findings show than nearly one third of people used public transport at least once a week and 

that more than twice as many people used a bus in a given week than used a train. Bus, train and 

light-rail were all more common among younger adults, however, bus use was also common among 

older individuals. Among other factors, this may be related to the free bus pass for older people in 

England, which will be discussed further in Chapter 8. Bus use was also more common in some 

ethnic groups, for example, Black participants were more likely to use a bus than other groups, while 

White participants were more likely to use light-rail than those of other ethnicities. Although, in raw 

percentage terms, Black and South Asian participants were more likely to use light-rail than Whites. 

The difference between raw and adjusted findings might be due to those of minority ethnicity being 

more likely to live in large population-dense urban areas where light-rail is likely to be present. The 

number of stages reported by users of each mode show that bus users used buses more often than 

users of other modes used these. The findings that among those using each mode, the median 
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number of stages was lower than the mean stages reflects the right skew in the numbers of stages 

reported. The finding that the lower quartile was around two stages for each mode suggests that a 

substantial proportion of public transport users use public transport with a frequency of less than 

three times per week. This is likely to limit the potential health effects people might receive from 

their public transport use. 

This chapter finds that socio-economically disadvantaged people are more likely to be bus users than 

those who are more advantaged, who in turn are more likely to be light-rail and train users. 

Increased conurbation size and increased population density are associated with bus use and light-

rail use. Train use is greatest in London and is less likely in other conurbation types. The association 

between population density and train use is less pronounced. This might be because urban train 

networks serve predominantly suburban and peri-urban areas, which are less densely populated, 

while bus and light-rail is most common in inner city areas, which are often the most population 

dense.[14, 295, 296] The socio-economic make-up of inner city residents is also likely to differ from 

those in the outer city areas, although this differs depending on the marker of socio-economic 

position used.[297, 298] This might affect some of the socio-economic patterns in the use of 

different public transport modes seen here. The absence of important variables made definitive 

investigation of built environment determinants of public transport use in this thesis impossible. 

In addition to the availability of different transport choices, other factors might affect how different 

groups use public transport. For example, bus journeys are likely to be shorter than those by rail 

transport.[26] Longer distance commutes are associated with higher occupational group (e.g. 

professional) compared with those in other occupation groups.[299] In addition to their length, 

public transport mode use differs according to the purpose of the journey. 22% of bus journeys are 

for commuting purposes, compared with 47% of train journeys.[300] Shopping and education 

related journeys, including talking children to school, are more likely to be by bus.[300] Gender 
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differences in journey purpose are also seen, with women making more journeys than men taking 

children to school and to go shopping and fewer journeys than men commuting.[18, 45]  

6.4 Conclusions 

These findings show than nearly one third of people use public transport at least once in a given 

week and that more than twice as many people per week use buses than trains. Train use is most 

common among the socio-economically advantaged and men, while bus use is most common in the 

socio-economically disadvantaged and women. There is additionally some evidence that a 

substantial number of people use multiple public transport modes. 
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 Chapter 7 – Physical activity accrued as part 

of public transport use in England 

In England in 2016, 42% of women and 34% of men were insufficiently physically active; these high 

levels of physical inactivity are the result of reduced energy expenditure in several domains of daily 

life.[144] Physical inactivity is defined as not meeting global physical activity recommendations of 

150 minutes of moderate intensity physical activity per week or the equivalent.[141] In high income 

countries, levels of physical inactivity have increased from 31.6% (27.1, 37.2) in 2001 to 36.8 (35.0, 

38.0) in 2016.[145] This is partly explained by a trend towards more sedentary occupations and a 

reduced need for physical activity in the home following the automation many domestic 

chores.[301, 302] Levels of physical activity from transport have also been declining, for example, 

transport walking in England reduced between 2002 and 2015, both in terms of journeys per person 

and distance travelled.[6, 17] For example, walking decreased from 241 journeys per person per year 

in 2002 to 200 in 2015.[6]  

The use of physically active travel modes can lead to incidental health benefits, this includes public 

transport use, which often involves some walking or cycling in order to reach a communal access 

point, for example, walking to a bus stop.[248] These seemingly modest amounts of physical activity 

often occur at each end of public transport journeys and are sometimes required to transfer 

between public transport modes. Walking and cycling have established health benefits, for example, 

walking and cycling for transport is associated with lower adiposity [172, 176, 180], and a lower risk 

of CVD and all-cause mortality.[171, 174, 178] Other potential benefits include reduced depressive 

symptoms [246], reduced diastolic blood pressure [247] and a reduced risk of type 2 diabetes [178] 

and cancer.[179] Where dose-response relationships have been examined, these often demonstrate 
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a non-linear relationships with the greatest benefits seen among those who move from little or no 

walking or cycling to some.[174, 179] 

There is some evidence for an association between public transport and physical activity. A 

systematic review in 2012 found that public transport use was associated with between 7 and 33 

minutes per day of physical activity.[184] This review included data from 27 studies encompassing 

the USA, Canada and Japan, however, most of the included studies used small and highly selective 

populations. There were two UK studies included in this review, one measured the number of steps 

per day in those aged 70+ using an accelerometer, finding that each additional public transport 

journey per week was associated with an additional 413 steps per day, which was converted to 8 

minutes of walking by the reviewers to allow comparison.[184, 186] The second study found that 

train users walked an average of 0.9km per journey, which was converting to 10-12 minutes.[184, 

185] No large studies have quantified the physical activity associated with public transport use using 

representative data about public transport users in England.  

The walking and cycling associated with public transport users has not been evaluated using large 

representative survey of the travel patterns of England residents therefore this chapter aims to 

address the following research questions:  

• How much physical activity do public transport users in England who walk or cycle as part of 

public transport journeys accrue in the course of public transport journeys? 

• Does the level of physical activity accrued differ between users of different public transport 

modes? 

• Does the level of physical activity accrued vary according to individual or neighbourhood 

characteristics? 
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7.1 Methods 

7.1.1 Data 

Data for this chapter come from NTS which is discussed in detail in Section 6.1.1 with further 

information available from survey documentation.[202, 288] In brief, NTS is an annual cross-

sectional survey of the residents of private households in England, which is representative in terms 

of age, sex and geographical region. All those living in sampled households are invited to participate 

in the survey, which consists of two elements, an interview and a 7-day travel diary. The interview 

includes questions about demographic and socio-economic characteristics, such as age and 

occupation, in addition to travel-related information, such as household access to a car. Additional 

variables are derived from participants’ home address, including the population density of their local 

area and the size of their conurbation of residence. The travel diary involved recording the details of 

all journeys made during a 7-day period, the mode, the distance covered and the time taken. In 

addition, each stage of a journey should also be recorded, such that the details of the walk to the 

bus stop are recorded, in addition to the details of the bus journey itself. NTS assigns all journeys an 

overall mode, for journeys with more than one mode, the overall mode is that used for the longest 

stage, by distance. In order to reduce the burden on participants, short walks were only recorded on 

the seventh and final day of the travel diary.[202] Short walks are those of less than 1 mile, or 20 

minutes in length, while walks of less than 50 yards were always excluded.[202] 

NTS data from 2010 to 2014 were pooled to augment the sample size and boost statistical power. 

Short walks (<1 mile) were expected to make a substantial contribution to physical activity in the 

course of public transport use, therefore, only data from the day on which these were recorded 

were included in these analyses. Included participants were those aged 17 years and above 

(n=61,612), who recorded a journey on the short walk day (48,662). Of these, 7,458 participants 

reported a journey with public transport designated as the main mode, 4,312 of which contributed 
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data for how they got to or from the public transport. Due to the focus on quantifying physical 

activity accrued by those walking or cycling as part of public transport journeys, 671 participants 

who used only private vehicles to access public transport were excluded. In addition, three 

participants were excluded as they failed to provide details of which public transport mode they 

used, resulting in a final sample of 3,638. 

The exclusion of those not reporting how they got to or from public transport was to exclude those 

underreporting short walks, a known bias in surveys of this kind.[204] A public transport journey 

recorded with no stage by another mode at either end was deemed to be incomplete. This was 

because all walks of greater than 50 yards (45 metres) should have been recorded. Although some 

people may travel to or from locations within this distance of public transport, more than 50% of 

public transport users in this data suggest that their origin and destination were both within this 

distance for all their public transport journeys reported on that day. This was deemed to be 

unrealistic and more likely to be due to underreporting. The exclusion of those using exclusively car 

travel to access and egress public transport was also due to the potential for the underreporting of 

short walks. This was because, while it is plausible that car travel could include no walking sufficient 

to require reporting, there is no way to distinguish journeys which genuinely contain no walking 

from those which contained unreported walking. The exclusion of those who access or egressed 

public transport exclusively by car allowed a focus on quantifying the physical activity as part of 

public transport journeys among those public transport users who incorporated at least some 

walking or cycling in their public transport journeys. 

The outcomes for these analyses were the total minutes of physical activity (walking or cycling) 

carried out as part public transport journeys, and whether this met a threshold of 30 minutes a day, 

which has been used in previous research.[173, 303-305] Based on an assumption of commuting 5 

days a week, this threshold broadly corresponds to the World Health Organization (WHO) global 
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recommendations on physical activity for health, which advocates 150 minutes of moderate 

intensity aerobic physical activity a week.[141] For all journeys categorised as public transport, which 

was based on their main mode (by distance), each stage of the journey was categorised as physically 

active (walk or cycle) or non-active (bus, train or light-rail). For each individual participant, the total 

number of minutes of physical activity accrued during public transport journeys was calculated. 

Physical activity levels were compared across different public transport modes. Public transport 

users were classified as users of buses, trains or light-rail, with users of more than one mode 

classified as multimode public transport users. This was based on any use of the mode during the 

diary day. Light-rail included users of several urban rail public transport systems including: Tyne and 

Wear Metro, Manchester Metrolink and London Underground.  

NTS participants additionally provide data on several individual, household and neighbourhood level 

covariates. Covariates included: age, sex, ethnicity, household access to a car, size of their 

conurbation of residence, and population density of the household’s post code sector 

(persons/hectare). The socio-economic position of participants was estimated using household 

income, housing tenure and a household measure of occupation related socio-economic position. 

This was based on the National Statistics Socio-economic Classification (NS-SEC). Additional details of 

variable categorisation are presented in Section 6.1.1. 

7.1.2 Analyses 

A comparison was made between sample participants and those public transport users who were 

excluded in order to examine whether they differed and whether this might lead to bias, differences 

were assessed using a Pearson’s Chi squared test. Exclusion was for either not providing information 

about how they accessed public transport or for the exclusive use of private vehicles to access public 
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transport. The characteristics of participants that used public transport during the diary day were 

compared with those that did not, in order to compare the characteristics of these public transport 

users with non users. Finally, the characteristics of users of the different public transport modes 

(bus, train, light-rail and multimode) were then compared.  

In order to examine the minutes of walking or cycling associated with public transport among 

sample members, a linear regression model was specified and the average marginal effects were 

used to make adjusted predictions of minutes per day of physical activity for each level of each 

characteristic.[306] This was carried out using a log-transformed measure of minutes of physical 

activity as these data were right skewed.[307] In order to improve the interpretability of results, 

rather than present coefficient relative to a reference group, average marginal effects were used to 

predict the total minutes per day of physical activity for each level of included covariates. Average 

marginal effects are estimates of the effect across each variable in the model, for each variable in 

turn they were calculated by comparing hypothetical populations, one for each potential value of 

the variable in question. These populations differed only in the value for that variable and were    

identical with respect to the other variables, which took their observed value.[306] Comparing these 

populations, which differed only with respect to the variable in question, allowed the estimation of 

differences in outcome across the levels of the variable, this process was repeated for each variable 

in the model. Antilogs were taken, converting these predictions back to the original scale to give the 

total number of minutes a day of physical activity. The number of minutes was calculated for each 

public transport mode, and for each level of the other model variables.  

Logistic regression was then used to estimate the odds ratio of meeting the threshold of 30 minutes 

per day of physical activity.. Again, the average marginal effect were used to predict the percentage 

of participants meeting the 30 minutes per day threshold, this was considered more easily 

interpretable than the coefficient (odds ratio) relative to a reference group. A percentage was 
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estimated for each public transport mode, in addition to each level of the other included variables. 

In both analyses, bivariable regression was carried out separately for each explanatory variable and a 

maximally adjusted model included all variables simultaneously. Analyses took account of the 

complex survey design by accounting for clustering within primary sampling units. Analyses were 

carried out using weights supplied by NTS. The weights account for differences in journey rates 

across the days of the week and other biases at the level of the diary journey. Weighting also 

accounts for non-response and other potential biases at household and individual level. In addition, 

as short walks are only collected on day 7 of the diary, these must be weighted to adjust for the day 

of the week (Monday-Sunday).[202]  

7.2 Results 

A comparison of the sample with those public transport users who were excluded from the analysis 

is given in Appendix Table A-4. Participants were excluded for either not providing details of how 

they got to or from public transport or for accessing public transport exclusively by private vehicle. 

The excluded participants were more likely to be bus users, with 75.5% using the bus, compared 

with 47.4% in the sample (p<0.001). 34.3% of the excluded group were aged 60+ compared with 

22.0% of the sample participants (p<0.001). Those excluded were also more socio-economically 

disadvantaged than those included in the sample, as measured by household NS-SEC, household 

income, and housing tenure (p<0.001). For example, 34.4% of those in the sample were from 

households with incomes of £50,000 or more, compared with 21.0% of those excluded. 29.7% of 

those excluded were London residents, compared with 48.5% of the sample (p<0.001). 

Table 7-1 compares the sample of public transport users who combined public transport use with 

some walking or cycle with NTS participants who reported no public transport use. Of the 

participants who made a journey on the diary day, 8.1% (n=3,638) carried out some walking or 
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cycling as part of a public transport journey. This is a lower figure than overall public transport use, 

due to the substantial number of public transport users excluded from this analysis. These 

participants differed from NTS participants who did not use public transport on every attribute 

considered, except gender. 14.8% of participants aged 17-25 used public transport, compared with 

6.1% of those aged 60+ (p<0.001). Among participants of Black ethnicity, 27.0% used public 

transport, compared with 14.2% of South Asians and 7.0% of Whites (p<0.001). 12.4% of participants 

living in rented accommodation were public transport users compared with 6.6% of those living in 

owned accommodation (p<0.001). Of participants living in households without access to a car, 25.9% 

used public transport, compared with 5.5% among those with access to a car (p<0.001). 31.4% of 

those living in an area of 75 or more persons per hectare used public transport, compared with 3.8% 

in those living in areas with less than 10 persons per hectare (p<0.001).Living in London was 

associated with higher public transport use than other conurbation types, 25.5% compared with 

6.9% or lower in other conurbations types.   
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Table 7-1: Characteristics of public transport users and non-users from NTS 2010-2014 

  Public Transport Users 
Non Public Transport 

Users p-value* 

All 3638 (8.1%) 41204 (91.9%)  
Gender    
Men 7.8% 92.2% 0.024 

Women 8.4% 91.6%  
Age    
17-25 14.8% 85.2% <0.001 

26-39 10.3% 89.7%  
40-59 6.3% 93.7%  
60+ 6.1% 93.9%  
Ethnicity    
White 7.0% 93.0% <0.001 

South Asian 14.2% 85.8%  
Black 27.0% 73.0%  
Other 16.7% 83.3%  
Household NS-SEC - Social Class 

Managerial 8.3% 91.7% <0.001 

Intermediate  6.7% 93.3%  
Routine/manual 7.8% 92.2%  
Unclassified 15.0% 85.0%  
Household Income    
£50,000 and over 9.3% 90.7% <0.001 

£25,000 to £49,999 6.7% 93.3%  
Less than £25,000 8.5% 91.5%  
Housing Tenure    
Owns 6.6% 93.4% <0.001 

Rents 12.4% 87.6%  
Household Car Access  

Access to a car 5.5% 94.5% <0.001 

No car access 25.9% 74.1%  
Population density**  

0-9.99 3.8% 96.2% <0.001 

10-24.99 5.8% 94.2%  
25-39.99 7.4% 92.6%  
40-74.99 14.2% 85.8%  
75+ 31.4% 68.6%  
Conurbation Type    
London 25.5% 74.5% <0.001 

Metropolitan & >250k 6.9% 93.1%  
50k-250k 5.5% 94.5%  
<50k 3.3% 96.7%  
NS-SEC - National Statistic Socio-economic classification 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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Of the 3,638 sample members who used public transport combined with walking or cycling, 47.4% 

were bus users (n=1,723), 20.6% were train users, 9.6% used light-rail (n=350) and 22.4% were 

categorised as multimode public transport users (n=816) (Table 7-2). Of women public transport 

users, 55.0% were bus users and 17.0% used trains, compared with 38.7% of men using buses and 

24.6% using trains (p<0.001). Bus use was most likely among those age 17-25 and 60+, 50.7% and 

72.4% respectively, compared with 33.5% and 39.5% in those aged 26-39 and 40-59. The opposite 

pattern was seen with light-rail, which was used by 13.2% of those aged 26-39 and 10.7% of those 

aged 40-59 compared with 9.1% and 4.0% in those aged 17-25 and 60+ respectively. (p<0.001). 

58.9% of Black participants were bus users, compared with 46.9% and 44.4% of White and South 

Asian participants respectively. While train use was 10.5% among Black participants, 22.5% among 

Whites and 15.6% Asian participants (p<0.001). Of those living in a household where the highest NS-

SEC was a managerial occupation, 33.4% used a bus and 26.5% used a train. For those in households 

where the highest NS-SEC was routine/manual, these figures were 75.7% and 9.6% respectively 

(p<0.001). Of those residing areas with the highest population density (75+ persons/hectare), 20.0% 

used light-rail, compared with 5.2% or fewer in areas with fewer than 40 persons per hectare. 30.9% 

of participants living in areas with fewer than 10 people per hectare used trains, compared with 

9.9% of those in areas with 75 or more people per hectare (p<0.001). Participants living in London 

were most likely to use light-rail (16.6%) and be multimode public transport users (31.8%) when 

compared with those living in other conurbation types, for example, in areas with fewer than 50,000 

residents these were 1.4% and 16.8% respectively (p<0.001). 
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Table 7-2: Characteristic of public transport users in NTS 2010-2014 by mode of transport used 

  Bus Train Light-Rail Multi-mode p-value* 

All 1723 (47.4%) 749 (20.6%) 350 (9.6%) 816 (22.4%)  
Gender      
Men 38.7% 24.6% 11.3% 25.4% <0.001 

Women 55.0% 17.0% 8.1% 19.9%  
Age      
17-25 50.7% 22.0% 9.1% 18.2% <0.001 

26-39 33.5% 25.3% 13.2% 28.0%  
40-59 39.5% 23.7% 10.7% 26.1%  
60+ 72.4% 9.1% 4.0% 14.5%  
Ethnicity      
White 46.9% 22.5% 9.5% 21.1% <0.001 

South Asian 44.4% 15.6% 13.6% 26.4%  
Black 58.9% 10.5% 6.1% 24.5%  
Other 41.0% 15.6% 12.7% 30.7%  
Household NS-SEC - Social Class     

Managerial 33.4% 26.5% 12.6% 27.5% <0.001 

Intermediate  55.3% 16.9% 7.9% 19.9%  
Routine/manual 75.7% 9.6% 3.8% 10.9%  
Unclassified 59.5% 13.5% 6.3% 20.7%  
Household Income       
£50,000 and over 24.9% 29.5% 14.2% 31.4% <0.001 

£25,000 to £49,999 48.0% 21.8% 8.3% 21.8%  
Less than £25,000 67.3% 11.6% 6.4% 14.7%  
Housing Tenure      
Owns 42.1% 24.7% 9.5% 23.6% <0.001 

Rents 55.1% 14.4% 9.8% 20.7%  
Household Car Access       

Access to a car 37.5% 27.5% 10.8% 24.2% <0.001 

No car access 61.4% 10.7% 8.0% 19.9%  
Population density**    

0-9.99 48.2% 30.9% 3.7% 17.3% <0.001 

10-24.99 52.3% 26.6% 4.3% 16.9%  
25-39.99 51.6% 23.4% 5.2% 19.8%  
40-74.99 47.2% 16.9% 11.4% 24.5%  
75+ 39.5% 9.9% 20.0% 30.6%  
Conurbation Type      
London 36.4% 15.3% 16.6% 31.8% <0.001 

Metropolitan & >250k 65.5% 19.8% 4.7% 10.0%  
50k-250k 56.5% 25.3% 2.2% 16.0%  
<50k 47.8% 34.0% 1.4% 16.8%  
NS-SEC - National Statistic Socio-economic classification 
* - Pearson's Chi-squared test for difference in distribution by characteristics 
**Population density of the post code sector of the household address, postcode sectors have a mean population of 7,000 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Millett, C., and Laverty, A.A. 
Physical activity accrued as part of public transport use in England. Journal of Public Health, 2018. fdy099 by 
permission of Oxford University Press and the Faculty of Public Health. All rights reserved. 
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The results of regression analyses of minutes of walking or cycling are presented both unadjusted 

and maximally adjusted in Table 7-3. Among public transport users who incorporated some walking 

or cycling into public transport journeys, there were a predicted 20.5 minutes per day (19.8, 21.2), 

this was unchanged by adjustment for relevant covariates. The number of accumulated minutes 

differed between users of different public transport modes. In maximally adjusted analyses, bus 

users accumulated 16.0 minutes (15.3, 16.8) with train users on 28.1 minutes (26.3, 30.0). Users of 

light-rail and multimode public transport users accumulated 23.8 (21.9, 25.8) and 23.3 minutes 

(21.7, 25.2) respectively. Figure 7-1 shows the frequency of active travel minutes by mode. The daily 

recorded minutes spanned from <5 to >100, a high frequency of bus users are seen reporting 15-20 

minutes a day, with smaller peaks for other modes appearing to be associated with the 

accumulation of slightly more physical activity. After the significantly larger peak, the number of bus 

users accumulating more than approximately 45 minutes a day was similar to that of other modes. 
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Table 7-3: Regression analyses showing the number of minutes of daily physical activity accumulated in the 
course of public transport use  

  Minutes of daily physical activity during public transport use (95% CI) 

  Unadjusted* (95% CI) Adjusted** (95% CI) 

 20.5 (19.8, 21.2)  20.5 (19.8, 21.2)  
Public Transport Mode  p-value   p-value 

Bus 16.2 (15.5, 16.8) ref 16.0 (15.3, 16.8) ref 

Train 28.7 (27.0, 30.6) <0.001 28.1 (26.3, 30.0) <0.001 

Light-rail 22.9 (21.2, 24.7) <0.001 23.8 (21.9, 25.8) <0.001 

Multimode 22.9 (21.3, 24.7) <0.001 23.3 (21.7, 25.2) <0.001 

Gender         

Men 21.9 (21.0, 22.8) ref 21.1 (20.2, 22.0) ref 

Women 19.3 (18.5, 20.1) <0.001 19.9 (19.1, 20.7) 0.024 

Age         

17-25 19.8 (18.6, 21.0) ref 19.9 (18.8, 21.1) ref 

26-39 20.8 (19.5, 22.1) 0.251 19.8 (18.6, 21.1) 0.903 

40-59 22.1 (21.0, 23.3) 0.005 21.5 (20.4, 22.6) 0.054 

60+ 18.7 (17.5, 19.9) 0.194 21.1 (19.7, 22.6) 0.210 

Ethnicity         

White 20.9 (20.2, 21.6) ref 20.5 (19.7, 21.3) ref 

South Asian 19.8 (17.7, 22.2) 0.396 20.6 (18.3, 23.1) 0.961 

Black 17.8 (16.3, 19.5) <0.001 20.5 (18.7, 22.4) 0.997 

Other 20.1 (17.6, 23.0) 0.590 20.4 (17.9, 23.1) 0.918 

Household NS-SEC - Social Classification       

Managerial 22.0 (21.2, 22.9) ref 20.8 (19.9, 21.7) ref 

Intermediate 19.7 (18.0, 21.7) 0.035 20.3 (18.5, 22.3) 0.659 

Routine/manual 17.7 (16.6, 19.0) <0.001 20.0 (18.6, 21.5) 0.386 

Unclassified 18.7 (16.6, 21.2) 0.014 20.3 (18.1, 22.7) 0.713 

Household Income         

≥£50,000 22.6 (21.5, 23.7) ref 20.8 (19.7, 22.0) ref 

£25,000-£49,999 20.6 (19.5, 21.7) 0.014 20.6 (19.6, 21.7) 0.811 

<£25,000 18.5 (17.5, 19.6) <0.001 20.1 (18.7, 21.5) 0.499 

Housing Tenure         

Owns 21.8 (20.9, 22.6) ref 20.9 (20.0, 21.8) ref 

Rents 19.0 (18.1, 20.0) <0.001 20.0 (19.0, 21.1) 0.273 

Car Access         

Access to a car 21.6 (20.8, 22.5) ref 20.0 (19.1, 21.0) ref 

No car access 19.1 (18.2, 20.1) <0.001 21.1 (20.0, 22.2) 0.156 

Population Density***        

<10 21.3 (19.8, 22.9) ref 19.7 (18.0, 21.6) ref 

10-24.99 22.2 (20.7, 23.8) 0.446 21.8 (20.3, 23.3) 0.065 

25-39.99 20.0 (18.5, 21.6) 0.242 19.9 (18.4, 21.5) 0.851 

40-74.99 20.6 (19.4, 21.9) 0.502 21.2 (20.0, 22.4) 0.202 

 75+ 19.2 (17.9, 20.7) 0.053 19.7 (18.2, 21.4) 0.975 

Conurbation Type     
London 20.1 (19.2, 21.1) ref 19.4 (18.5, 20.4) ref 

Metropolitan & >250k 20.6 (19.2, 22.1) 0.554 22.2 (20.8, 23.8) 0.003 

50k-250k 19.9 (18.3, 21.6) 0.838 20.2 (18.6, 21.9) 0.470 

<50k 22.5 (20.9, 24.3) 0.012 22.2 (20.2, 24.4) 0.025 

NS-SEC - National Statistic Socio-economic classification. CI – Confidence Interval.  
*Separate bivariable regression between each explanatory variable and the outcome. **Multivariable regression adjusted 
for all variables presented simultaneously. ***Population density of the post code sector of the household address, 
postcode sectors have a mean population of 7,000.  
Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Millett, C., and Laverty, A.A. Physical 
activity accrued as part of public transport use in England. Journal of Public Health, 2018. fdy099 by permission of Oxford 
University Press and the Faculty of Public Health. All rights reserved. 



Chapter 7 – Physical activity accrued as part of public transport use in England 

 

122 
 

Figure 7-1: The number of minutes of daily activity for each participant by mode of public transport 

 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Millett, C., and Laverty, A.A. 
Physical activity accrued as part of public transport use in England. Journal of Public Health, 2018. fdy099 by 
permission of Oxford University Press and the Faculty of Public Health. All rights reserved. 

Among public transport users who incorporated some walking or cycling in their public transport 

journeys, the predicted percentages achieving 30 minutes a day or more of physical activity in the 

course of public transport journeys are given in Table 7-4. The maximally adjusted figure across all 

participants was 34.0% (32.1%, 36.0%). This was lower among bus users at 21.3% (19.0%, 23.6%) and 

highest among train users, with 51.7% (47.3%, 56.2%) reaching the threshold, among light-rail and 

multimode users this was 41.9% (35.4%, 48.4%) and 39.5% (35.3%, 43.7%) respectively. Differences 

in the minutes of activity between covariates were relatively small, all being less than 2.8 minutes, 

however, these differences translated into substantial differences in the percentage reaching 30 

minutes a day. For example, 31.1% of London residents met the threshold, compared with 38.9% of 
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those living in conurbations of less than 50,000 residents, when controlling for all other 

characteristics in the model.  
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Table 7-4: Regression analyses showing the percentage achieving at least 30 minutes of daily physical activity 
accumulated in the course of public transport use 

  Unadjusted* (95% CI) Adjusted** (95% CI) 

 34.1 (32.1, 36.0)  34.0 (32.1, 36.0)  
Public Transport Mode  p-value  p-value 

Bus 21.2 (19.0, 23.3) ref 21.3 (19.0, 23.6) ref 

Train 54.1 (50.1, 58.2) <0.001 51.7 (47.3, 56.2) <0.001 

Light-rail 40.1 (34.1, 46.1) <0.001 41.9 (35.4, 48.4) <0.001 

Multimode 38.7 (34.4, 42.9) <0.001 39.5 (35.3, 43.7) <0.001 

Gender       

Men 37.6 (34.9, 40.3) ref 35.5 (33.0, 38.1) ref 

Women 30.7 (28.4, 33.1) <0.001 32.6 (30.1, 35.0) 0.066 

Age       

17-25 30.0 (26.1, 33.8) ref 30.7 (27.1, 34.4) ref 

26-39 36.9 (33.5, 40.3) 0.008 34.8 (31.6, 37.9) 0.103 

40-59 38.1 (34.8, 41.5) 0.001 36.2 (32.8, 39.6) 0.027 

60+ 28.4 (24.7, 32.1) 0.567 33.7 (29.2, 38.3) 0.291 

Ethnicity       

White 35.7 (33.6, 37.8) ref 34.6 (32.5, 36.8) ref 

South Asian 32.5 (25.5, 39.5) 0.391 34.6 (27.7, 41.5) 0.996 

Black 24.1 (19.1, 29.0) <0.001 31.2 (25.3, 37.1) 0.299 

Other 28.7 (20.5, 36.9) 0.120 29.6 (21.6, 37.6) 0.241 

Household NS-SEC - Social Classification      

Managerial 38.1 (35.6, 40.5) ref 34.4 (31.9, 37.0) ref 

Intermediate 33.6 (29.2, 38.1) 0.082 35.4 (31.0, 39.9) 0.694 

Routine/manual 25.5 (21.7, 29.3) <0.001 32.1 (27.2, 37.1) 0.442 

Unclassified 26.8 (19.6, 34.0) 0.007 32.0 (25.0, 39.1) 0.543 

Household Income      
≥£50,000 39.7 (36.6, 42.8) ref 34.5 (31.2, 37.7) ref 

£25,000-£49,999 34.0 (30.4, 37.6) 0.017 33.8 (30.3, 37.3) 0.769 

<£25,000 28.5 (25.6, 31.3) <0.001 33.8 (30.3, 37.3) 0.799 

Housing Tenure       

Owns 37.8 (35.4, 40.1) ref 35.3 (32.7, 37.9) ref 

Rents 29.5 (26.6, 32.4) <0.001 32.4 (29.3, 35.6) 0.190 

Car Access       

Access to a car 37.6 (35.3, 39.9) ref 33.2 (30.8, 35.7) ref 

No car access 29.7 (26.7, 32.7) <0.001 35.2 (31.8, 38.6) 0.363 

Population Density***        

<10 37.8 (33.8, 41.9) ref 32.8 (27.9, 37.7) ref 

10-24.99 38.8 (34.4, 43.2) 0.742 36.9 (32.4, 41.5) 0.182 

25-39.99 32.6 (28.3, 36.9) 0.084 31.9 (27.5, 36.4) 0.794 

40-74.99 32.5 (28.6, 36.3) 0.059 34.5 (30.9, 38.2) 0.602 

 75+ 31.5 (27.2, 35.8) 0.035 33.8 (29.1, 38.4) 0.800 

Conurbation Type     

London 32.6 (29.7, 35.4) ref 31.1 (28.2, 34.0) ref 

Metropolitan & >250k 32.4 (28.4, 36.4) 0.943 37.0 (32.7, 41.2) 0.031 

50k-250k 35.8 (31.0, 40.6) 0.250 36.6 (31.5, 41.7) 0.075 

<50k 40.8 (36.3, 45.2) 0.002 38.9 (32.9, 44.9) 0.030 

NS-SEC - National Statistic Socio-economic classification. CI – Confidence Interval. *Separate bivariable regression between 
each explanatory variable and the outcome. **Multivariable regression adjusted for all variables presented 
simultaneously. ***Population density of the post code sector of the household address, postcode sectors have a mean 
population of 7,000.  
Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Millett, C., and Laverty, A.A. Physical 
activity accrued as part of public transport use in England. Journal of Public Health, 2018. fdy099 by permission of Oxford 
University Press and the Faculty of Public Health. All rights reserved. 
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7.3 Discussion 

7.3.1 Main finding of this chapter 

Public transport users who walk or cycle as part of public transport journeys accumulated an average 

of 20.5 minutes a day of physical activity on average and a third of them accumulated at least 30 

minutes of physical activity a day through their use of public transport. The accumulated physical 

activity was highest among train users and lowest among bus users. These findings suggest that 

public transport could be a practical approach to integrate physical activity into people’s everyday 

lives and increase levels of physical activity in the population. 

7.3.2 Strengths and Limitations 

These analyses are the first to use a representative data source to quantify the physical activity 

associated with public transport use in England. These analyses use data from a comprehensive 

breakdown of all journeys, including those using multiple modes, and was not restricted commutes, 

it therefore gives a more rounded picture of public transport use in England. NTS also contains 

details of potentially confounding characteristics of participants and their environment.  

Nonetheless, data used in this chapter come from self-reported survey responses, which are subject 

to bias. When compared with data from a wearable camera, a travel diary like the one used by NTS 

overestimated journey times by 12%.[204] The same study also found that almost 15% of journeys 

were not recorded in the diary. 63% of these unrecorded journeys were walking journeys.[204] The 

combined impact of this underreporting is uncertain, but it is possible that this has led to an 

underestimation of walk/cycling among the sample. The exclusion of those who did not provide 

details of how they accessed public transport  should in part mitigate against this.  
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Bus use was much higher among those excluded than among participants, suggesting the potential 

for bias. Among those in the analytical sample, bus use was associated with lower levels of walking 

or cycling than other modes. If the distribution of minutes of activity varied across public transport 

modes in those excluded in the same way that it does for those included, the total figure might be 

an overestimate of that for all public transport users. However, analyses by NTS into the 

underreporting of short walks compared those who recorded short walks on day-one of the diary 

with those who recorded short walks on day seven.[308] Fewer short walks were recorded on day-

seven than on day-one, but among those that recorded any short walks, the number of short walks 

and the length of those walks were comparable.[308] This suggests that individuals excluded due to 

underreporting might have levels of walking to access public transport comparable with those 

included in the sample. It is possible that some of the differences between modes are due to 

differences in the number of users who exclusively access and egress by car, for example, if a greater 

proportion of train users than bus users access and egressed exclusively by car. While the estimates 

here are of the physical activity accumulated by those who combined public transport with walking 

and cycling, differences in the use of cars to access public transport will affect the population health 

impact of different public transport modes. 

The data used in these analyses are subject to additional limitations. These analyses were restricted 

to a single diary day, it is uncertain whether this is representative of travel patterns more generally. 

Although, participants were evenly assigned to different days of the week across the sample, which 

means that any differences across the week should even out. Measuring the duration of walking fails 

to capture the intensity of the physical activity involved. Intensity will vary according to the pace, 

participant fitness and the gradient, among other factors. However, research has linked walking with 

improved health, regardless of the duration.[174, 175, 246] In addition, objective measures of 

physical activity, which use accelerometers and GPS, have found that transport walking, including 
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that to access public transport, is associated with moderate-to-vigorous physical activity (MVPA), 

however the MVPA is less than the total self-reported walking time.[188, 189, 192]  

The investigation of a 30 minutes per day threshold was selected to broadly correspond to global 

and UK physical activity recommendations of 150 minutes per week of moderate intensity physical 

activity.[140, 141] The 150 minutes per week recommendation has been widely accepted by 

national governments and by the WHO [140, 141, 309, 310], despite the fact that its selection 

appears to have been at least somewhat arbitrary.[311] The widespread use of the 150-minute 

recommendation has led to this being extensively studied, with many positive health outcomes 

found the be associated with this level of physical activity.[310, 311] Many of the health conditions 

associated with physical activity have apparently different relationships which makes the selection of 

a single threshold problematic, especially when attempting to increase physical activity among 

all.[310, 311] For example, a threshold which is too high might discourage some inactive people who 

may feel that it is unachievable.[311] This is further complicated by differences in impact seen with 

populations of differing baseline physical activity and fitness levels, in addition comparing evidence 

which used differing questionnaires to measure activity and express active with different units of 

measurement.[152, 312, 313] There is growing evidence that even relatively small amounts of 

physical activity are beneficial and that bouts of physical activity are beneficial whatever their 

length. In addition the dose-response relationship between physical activity and many outcomes 

demonstrate that large benefits are seen with relatively small amounts of physical activity.[314-316] 

Despite this, the WHO physical activity guidelines currently continue to recommend that aerobic 

activity be accumulated in bouts of at least 10 minutes.[141, 310, 311]. There have been 

recommendations[141] that the UK drops this requirement when its guidelines are updated.[311] 
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7.3.3 Comparison with other work 

The estimate of 21 minutes a day of physical activity related to public transport use is comparable 

with the existing international literature on this topic. A 2012 literature review found that public 

transport was associated with between 7 and 33 minutes of physical activity.[184] These findings 

span from a small contribution to daily physical activity to one that exceeds current daily 

recommendations.[141] These differences possibly reflect the small sample sizes, the selected 

populations and the heterogeneous methods used by the included studies. One contributing study 

investigated US public transport users and used a similar design to that used here. This study found 

that public transport users accumulated a median of 19 minutes per day of physical activity in course 

of public transport journeys.[248] Studies that use GPS and accelerometers to measure physical 

activity objectively, generally find lower levels of physical activity.[207, 249] Studies of this kind have 

found that public transport use is associated with 15 minutes a day of walking [192] and 10 minutes 

a journey of MVPA.[189]  

This chapter found differences between users of different public transport modes, with bus users 

accumulating the least and rail users accumulating the most physical activity. This is consistent with 

research that found people are willing to walk further to reach a train station than a bus stop, and 

that this might be necessary due to a lower density of train stations compared with bus stops.[317, 

318] Differences between public transport modes are not present in all studies, for example ,a US 

study found no difference between the levels of physical activity associated with the use of buses 

and trains.[248] More research is required in order to explain these inconsistencies, for example, it is 

possible that different countries have different public transport infrastructure and/or behavioural 

norms. Alternatively, methodological differences between the studies may explain the discordant 

findings seen. 
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7.3.4 Implications 

Walking and cycling to access public transport might form an important contribution to population 

levels of physical activity. The distance involved may be a barrier to people commuting by walking or 

cycling alone. In England and Wales average commute distance increased from 13.4km in 2001 to 

15km in 2011, which is equivalent to >2.5 hours of brisk walking each way.[299, 319] Public 

transport may bridge this gap, allowing commuters to accrue some physical activity in the course of 

their daily lives. Data from Section 6.2.2 shows that in England from 2010 to 2014, 33% of adults use 

public transport in a given week. If 10% of those that do not were to take up public transport use 

alongside some walking or cycling, this research suggests that 34% would reach recommended levels 

of physical activity. This could mean 1.2 million additional people meeting the recommended levels 

of physical activity, whereas currently 44% of people in England fail to meet these guidelines.[320]  

7.4 Conclusion 

This chapter shows that public transport use allows the incorporation of incidental physical activity 

into everyday life and that one third of those who combine public transport use with walking or 

cycling achieved 30 minutes or more per day. This suggests that public transport can be used to 

meet physical activity recommendations and that a shift from sedentary to more active travel modes 

could lead to substantial increases in population levels of physical activity. 
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 Chapter 8 – The association between the free 

older person’s bus pass and active travel and 

ethic differences in bus pass use 

The national free older person’s bus pass scheme was introduced in 2006 and entitled those aged 60 

and over to free off-peak local bus travel.[65] The policy was then expanded in 2008 to include local 

buses throughout England between 9.30am and 11pm on weekdays and all day at weekends [65], 

more details of the background to the policy and the scheme are given in Section 2.2. The bus pass 

was not introduced to improve the health of recipients; its aims were to guarantee the financial 

security of those in older age and to alleviate social exclusion.[83, 84] The bus pass had very high 

uptake among those eligible, increasing from 60% in 2006 following implementation, to 75% in 

2009.[321] There is some evidence which suggests that the national free bus pass scheme has been 

effective in reducing depressive symptoms, although the mechanisms involved are not clear, with 

researches finding no association between the bus pass and a measure of social isolation.[85] There 

is also evidence that the free bus pass may have physical health benefits. Two years following the 

implementation of the bus pass policy, it was found that bus pass holders were more likely to use 

the bus and more active forms of travel and that these associations were consistent in homeowners 

and in those who rent.[80] Research has also shown that the bus pass was associated with lower 

adiposity and increased walking speed among women, although this was not seen in men.[81, 82] 

Previous research has focused on the associations of bus pass holdership with active travel in the 

two years following implementation, which means that there are no long term data on the travel 

patterns of bus pass holders.[80] . 
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While buses are the most common form of public transport in England, the use of public transport 

modes differ across ethnic groups.[12, 49] One reason bus use is higher than train use is the greater 

density of bus stops when compared with rail stops, meaning that most people have some access to 

a bus stop.[287] Buses provide access to shops, health services and other local amenities, in addition 

to social networks. Analyses using NTS data from 2011 to 2015 found that Black residents of England 

reported 31% of journeys by public transport and 24% by bus, compared with 16% and 10% in Asian 

and 8% and 5% in White residents.[49] In addition to differences in the travel modes used, levels of 

total travel, of any mode, also varied between ethnic groups, with White people making an average 

of 955 journeys per person per year, while in Black and Asian people this was 779 and 775 

respectively.[49] 

Ethnic minorities in England are often found to suffer the greatest ill effects of ethnic health 

inequalities, despite being a diverse group encompassing many heterogeneous communities.[322, 

323] Elevated adiposity is often more prevalent in minority ethnic groups, for example, higher levels 

of overweight and obesity have been seen in those of Black ethnicity, while abdominal obesity has 

been seen to be higher in South Asians than in Whites.[324] Those of South Asian and Black ethnicity 

in England also have greater risk of diabetes and CVD than Whites.[221] These differences can be 

explained in part by lower levels of physical activity – ethnic minority women and South Asians of 

both genders in England are less likely to be sufficiently physically active than equivalent White 

people.[219, 224, 309] Although the bus pass has been linked with greater active travel and those of 

minority ethnicities have greater bus use than White people, it is uncertain whether bus pass use 

differs across ethnic groups. 

As most existing research into the bus pass and active travel does not extend more than a few years 

following implementation and because the associations between the bus pass and active travel have 

not been compared across ethnic groups, the research questions address in this chapter were: 



Chapter 8 – The association between the free older person’s bus pass and active travel and ethic 
differences in bus pass use 

 

132 
 

• How has bus pass possession changed between 2006 and 2014? 

• Which individual and neighbourhood characteristic are associated with holding a free 

older person’s bus pass in England? 

• Among those with a bus pass what are bus and active travel levels? 

• Is the possession of a free bus pass for older people in England associated with higher 

bus and active travel levels? 

• Does the association between the free bus pass and active travel differ across ethnic 

groups? 

8.1 Methods 

8.1.1 Data 

A detailed description of the National Travel Survey is presented in Section 6.1.1, but in brief, NTS is 

an annual cross-sectional survey of the travel patterns of England residents.[288] NTS employs a 

complex survey design to arrive at sample of England residents, representative in terms of age, sex 

and region. Participants are asked to take part in an interview and complete a 7-day travel diary. The 

interview questionnaire covers the household and individual characteristics of participants, such as 

household income in addition to travel patterns, such as frequency of walking. The travel diary 

records all journeys undertaken in the course of a week. In addition to recording the mode, 

destination and time taken for each journey, participants should also record details of each stage of 

each journey, e.g. details of the walk to the bus stop in addition to details of the bus journey itself.  

In order to examine the association between the bus pass and active travel, these analyses used data 

collected from 2006, the year the national bus pass policy was implemented, up until 2014. Data was 

restricted to those  participants who were eligible for a free bus pass. From an initial sample of 
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35,843 participants, a total of 7% (n=2,529) were excluded, 2,447 were excluded for not leaving the 

house due to walking difficulties, a further 28 were excluded for reporting over 75 journeys during 

the diary week, which was deemed unusually high. Finally, 24 were excluded due to missing data for 

ethnicity, which left an analytical sample of 33,344 participants, of which 75% (25,152) held a bus 

pass. 

The bus pass was initially available to those aged 60 and over, however, since 2010 the age of 

eligibility has been increasing in line with the state pension age for women, which is due to reach 66 

by 2020.[74] The changes to the age of eligibility were accounted for by the NTS data. Possession 

was assessed with the question: “Do you have any of these special tickets or passes, valid for a week 

or longer?” Participants were able to choose from a list of 11 ticket types, and those who selected 

“Concessionary passes for older people” were deemed to have a free bus pass. 

There were three outcomes which were derived from the travel diary (bus stages, active stages and 

active stages as part of a bus journey), in addition to a measure of walking frequency, ascertained 

during the interview. Each journey recorded in the travel diary was assigned a main mode by NTS, 

which was that of the longest constituent stage, by distance. Each journey was categorised as being 

a bus journey or not, based on this main mode. Additionally, each stage of every journey was 

categorised as either active or inactive. Active modes were: cycling, walking and public transport 

modes, such as bus or train. Inactive modes included: car, motorcycle and taxi. The categorisation of 

public transport as active was because participants in surveys of this kind under-report short walks, 

such as walks to and from public transport.[204, 325-327] This categorisation enabled us to include 

all public transport users, even those who failed to record how they accessed public transport. The 

outcomes were the total number of bus stages, active stages and active stages as part of a bus 

journey reported by participants in the diary week. The interview stage of NTS contained the 

question: “How frequently do you walk anywhere for 20 minutes or more without stopping. Please 
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count each single trip as one journey and each return trip as two?” Participants were asked to select 

from a list of seven potential walking frequencies, ranging from never to three or more times a 

week. For these analyses, participants were categorised into those that walked three or more times 

a week and those that walked fewer than 3 times a week. Three or more times per week was the 

highest walking frequency available in the data and lower frequencies were thought less likely to 

confer health benefits of sufficient magnitude to be detected. The threshold of walking three or 

more times a week has also been found to be associated with health benefits in older people 

compared with those that walk less frequently.[219, 328, 329] 

Although categorising bus stages as active was necessary to include all public transport users, this 

means that bus stages could drive the findings of all three outcomes derived from this travel diary. 

The use of interview data, in addition to the travel diary, allowed a more rounded picture of the 

associations between the free bus pass and active travel. The inclusion of data from the interview 

question allowed the investigation of an outcome which did not include bus travel, providing data on 

whether changes to bus-related walking was compensated for in walking for other purposes. 

Ethnic group was self-defined by NTS participants, selected from a list of ethnicities in line with the 

categorisation used by the ONS in the Census of England and Wales. As the study period spanned 

the 2011 Census, there was a change in the ethnicity categorisation used across the survey years. 

For this reason, and due to small numbers of participants in some ethnic groups, the ethnic groups 

have been combined to allow comparison. The categorisation used in these analyses were: White 

(White British & other White), South Asian (Indian, Pakistani and Bangladeshi), Black (Caribbean, 

mixed White & Black Caribbean, Black African, mixed White & Black African and other Black) and 

other (other mixed, other Asian & any other). Additional details of the breakdown of these groups 

are available in Appendix Table A-5. 
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NTS also collects data on potentially confounding variables at the individual and neighbourhood 

level. Those used in this analysis were: age, sex, size of conurbation of residence (categorised as: 

London, metropolitan built-up areas/large urban >250k population, medium urban 25k-250k 

population, small/medium urban 3k-25k population, and rural), population density in 

persons/hectare of the household’s post code sector and household access to a car. Socio-economic 

position was measured using the National Statistics Socio-economic Classification (NS-SEC) in four 

categories (based on current or previous employment) and housing tenure (owns or rents). 

8.1.2 Impacts of the free bus pass on active travel  

The characteristics of the entire sample of older people in England were summarised by each 

category of the variables considered, alongside bus pass holdership in these groups. Characteristics 

associated with bus pass possession in this sample were evaluated using logistic regression to 

estimate the adjusted odds ratio (AOR) of holding a bus pass when adjusting for the other relevant 

factors. Levels of bus pass possession were then compared across the years of participation, from 

2006 to 2014.  

In order to establish whether those who held a bus pass carried out more bus and active travel than 

those that did not hold a bus pass, the associations between an individual possessing a free bus pass 

and reporting active travel stages, bus travel stages, and active travel stages as part of a bus journey 

were also investigated. A substantial proportion of participants accumulated no active or bus travel 

which meant that there was a large number of zeros in the outcomes data. A zero-inflated negative 

binomial model was used to take account of the large number of participants who reported no (or 

zero) active or bus travel. The zero-inflated negative binomial model takes account of excess zeroes 

in the data, it does this by allowing zeros to be generated by two separate processes.[330] The first 

step is for the model the separate participants into two latent groups, one group with a probability 
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of a zero outcome of one, i.e. they are always zero, and a second group which might have any count 

outcome, including zero.[330] Membership of the always-zero group is modelled using the logistic 

element of the model. The second stage involved modelling the count outcome among those who 

are not in the always-zero group, which is modelled using the negative binomial element of the 

model.[330] The outcomes from the two stages are combined to give an odds ratio of not being in 

the always-zero group, i.e. the odds of potentially having a non-zero outcome, and an incident rate 

ratio for the count outcome, among those who were not in the always-zero group.[330] Models in 

these analyses therefore provide an odds ratio, presented as an AOR, of reporting any stages during 

the diary week and an incident rate ratio (IRR) for the number of stages reported in the week, 

among those who do some travel. To test the model selection, a Vuong test was carried out to 

compare the zero-inflated negative binomial model to a negative binomial model and a likelihood 

ratio test was used to compare the zero-inflated negative binomial model with a zero-inflated 

Poisson model.[331]  

In order to establish whether those who held a bus pass were more likely to report walking 

frequency of three of more times per week than those who did not hold a bus pass, the association 

between bus pass possession and walking frequency was assessed using logistic regression to give an 

odds ratio of reporting walking three or more time a week. The walking frequency question in the 

interview only took into account walks of 20 minutes of greater.  

Regression analyses took place at the level of the individual and took account of the complex survey 

design by accounting for clustering. In addition, NTS provides weights for use in analyses which aim 

to correct for biases in different levels of data. Weights were separately applied to calculations at 

the journey level, e.g., when calculating each participant’s number of journeys. Individual and 

household level weighs were then applied to regression of individuals’ travel patterns.  
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8.1.3 Ethnic differences in bus pass use 

To examine ethnic differences, participant characteristics were summarised separately by ethnic 

group. For those who recorded one or more active journey stage, the proportion who held a bus 

pass was calculated along with levels of bus use and active travel. 

A zero-inflated negative binomial regression model was used to carry out analyses of the 

associations between bus pass possession and active stages, bus stages and active stages as part of 

bus journeys in the entire pooled sample. The data contained a substantial number of participants 

who reported no active or bus travel and therefore had zero values for the outcomes. As discussed 

above, zero-inflated models are recommended when the number of zero outcomes is high and 

where the process of being a zero is separate from that which leads to an increase in the outcome. 

In order to establish whether those who held a bus pass were more likely to report walking 

frequency of three of more times per week than those who did not hold a bus pass, the association 

between bus pass possession and walking frequency was assessed using logistic regression to give an 

odds ratio of reporting walking three or more time a week. 

In order to address the question of whether the association between the free bus pass and each 

outcome differs between ethnic groups, an interaction term was included between bus pass 

possession and ethnicity. An interaction term allows the effect of one variable to vary across the 

levels of another variable [307], in this case the effect of the bus pass was able to vary across ethnic 

groups. The interaction was included in analyses irrespective of statistical tests for an interaction, 

this was because these tests are liable to provide a false negative result due to a lack of statistical 

power.[307] The interaction term allowed the comparison of ethnic groups by comparing those with 

a bus pass (or those without a bus pass) in different ethnic groups, in addition to allowing a 

comparison of those with a bus pass to those without a bus pass within each ethnic group. 
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Models were adjusted for the covariates listed in Section 8.1.1 above. Differential missingness 

between the two outcomes led to samples of 33,267 for the zero-inflated negative binomial models 

and 33,176 for analysis of walking frequency. Regression analyses took account of the complex 

survey design by accounting for clustering within primary sampling units. Weights supplied by NTS 

were used to account for the complex survey design, non-response, and differences seen in diary 

completion on different days of the diary week.[202] 

8.1.4 Additional analyses 

In order to establish the impact of adjusting for potential confounders, additional analyses were 

carried out adjusting only for age and sex. To examine potential differences in associations over 

time, analyses were carried out with additional adjustment for year of data collection. 

Sensitivity analyses were also carried out to test several assumptions made during these analyses. 

First, the categorisation of ethnic groups was investigated by separating participants of Indian 

ethnicity from South Asians of Pakistani and Bangladeshi ethnicity and restricting the Black group to 

only those of Black Caribbean and mixed White and Black Caribbean ethnicity. Further details of this 

categorisation of ethnicity are provided in Appendix Table A-6. These analyses were to investigate 

heterogeneity within ethnic groups as differences in socio-economic advantage are known to exist, 

for example, between those of Indian and those of Pakistani or Bangladeshi ethnicity.[322] However, 

it was necessary to combine these for the main analysis due to low numbers of participants in some 

ethnic groups. Second, the categorisation of active stages was refined to include only walking and 

cycling in order to examine the effect of including public transport stages as active stages. This was 

necessary due to the expected underreporting of short walks, such as those to or from bus 

stops.[204, 325-327] Finally, the main analyses were repeated after excluding London residents. This 

was because London differs substantially from other areas of the country in terms of population 
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density and levels of bus use, and also because London residents with a bus pass are additionally 

entitled to free use of the underground train and other public transport.[19, 65, 67, 68] London also 

has a disproportionately large proportion of ethnic minority residents. 

8.2 Results - Impacts of the free bus pass on active travel 

52.9% of participants were women and 25.2% of participants were aged 60-64, while 31.0% were 

aged 75+ (Table 8-1). 41.6% of participants lived in areas with 50,000 inhabitants or fewer, 

compared with 13.3% living in London. The majority of participants were home owners (81.9%) and 

had access to a car (76.9%). Managerial occupation households comprised 44.4% of participants, 

while 30.5% were of routine/manual occupation households (2.6% were not classified).  
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Table 8-1: Composition of National Travel Survey sample 2006-2014 

  
Number  

(%) 
Chi-squared 

 p-value* 

All participants 33,344  

Age group    

60-64 8,407 (25.2) <0.001 

65-69 8,156 (24.5)  

70-74 6,440 (19.3)  

75+ 10,341 (31.0)  

Sex    

Men 15,719 (47.1) <0.001 

Women 17,625 (52.9)  

Ethnicity   

White 32,030 (96.1) 0.001 

South Asian 557 (1.7)  

Black 403 (1.2)  

Other 354 (1.1)  

Geographical area    

London 4,434 (13.3) <0.001 

250k people (except London) 8,553 (25.7)  

50k-250k people 6,492 (19.5)  

<50k people 13,865 (41.6)  

Housing Tenure    

Owns 27,410 (81.9) <0.001 

Rents 6,026 (18.1)  

Area population density persons/hectare**  

0-14.99 16,306 (48.9) <0.001 

15-29.99 7,841 (23.5)  

30-49.99 6,023 (18.1)  

50-74.99 1,980 (5.9)  

75+ 1,194 (3.6)  

Car access    

Have car access 2,5647 (76.9) <0.001 

No car access 7,696 (23.1)  

Highest NS Socio-Economic Classification (current or last job) 

Managerial  14,794 (44.4) <0.001 

Intermediate 7,517 (22.5)  

Routine/manual 10,166 (30.5)  

Not classified   867 (2.6)  
NS - National Statistics  
* - Pearson's Chi-squared test for difference in distribution by characteristics  
**Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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Bus pass possession increased in the years immediately following the introduction of the policy, 

from 62.8% in 2006 to 77.3% in 2009 (Table 8-2 and Figure 8-1). Levels of bus pass possession have 

remained between 77% and 80% from 2009 to 2014. 

Table 8-2: Levels of bus pass holding among eligible population 2006 – 2014 in the National Travel Survey 

Figure 8-1: Levels of bus pass holding among eligible population 2006 – 2014 in the National Travel Survey 

 

75.4% of participants between 2006 and 2014 had a free bus pass (Table 8-3). Levels of bus pass 

possession increased with age, it was 80.7% among those aged 75+, compared with 65.2% among 

those aged 60-64 (AOR = 1.97 (1.84, 2.11)). Women were more likely to hold a bus pass then men 

(79.4% vs. 70.9%, AOR = 1.50 (1.42, 1.58)). Participants who lived in conurbations of less than 50,000 

 Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Participants (N) 3560 3681 3800 3823 3872 3530 3782 3701 3595 

No bus pass 38.2% 31.9% 25.3 22.7% 20.5% 19.9% 20.5% 21.4% 21.3% 

Bus pass 62.8% 68.1% 74.7% 77.3% 79.5% 80.1% 79.5% 78.7% 78.8% 
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inhabitants were the least likely to hold a bus pass, for example, compared with London residents 

bus pass possession was 67.3% vs. 85.4% (AOR = 0.42 (0.37, 0.47)). Of participants with no access to 

a car, 86.6% held a bus pass, in those with access to a car, this was 72.1% (AOR = 1.87 (1.72, 2.03)). 

Those in routine/manual occupation households were more likely to hold a bus pass (80.6%) than 

managerial occupation households, who reported bus pass possession of 73.0% (AOR = 1.22 (1.14, 

1.30). 
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Table 8-3: Associations between individual and neighbourhood characteristics and  bus pass possession in the 
National Travel Survey 2006 - 2014 

  

% with a bus 
pass 

Adjusted 
Odds 
Ratio 

95% Confidence 
Intervals 

All participants 
75.4% 

  

Age group    
60-64 65.2% ref ref 

65-69 76.2% 1.74 1.63, 1.87 

70-75 79.3% 2.02 1.88, 2.19 

75+ 80.7% 1.97 1.84, 2.11 

Sex    
Men 70.9% ref ref 

Women 79.4% 1.50 1.42, 1.58 

Ethnicity    
White 75.3% ref ref 

South Asian 73.6% 0.58 0.48, 0.71 

Black 83.6% 0.89 0.67, 1.18 

Other 78.5% 0.82 0.63, 1.07 

Geographical area    
London 85.4% ref ref 

>250k people (except London) 82.4% 0.79 0.70, 0.88 

50k-250k people 76.8% 0.58 0.52, 0.65 

<50k people 67.3% 0.42 0.37, 0.47 

Housing Tenure    
Owns 74.9% ref ref 

Rents 77.7% 0.75 0.70, 0.81 

Area population density persons/hectare* 

0-14.99 69.4% ref ref 

15-29.99 78.8% 1.19 1.11, 1.29 

30-49.99 81.9% 1.29 1.18, 1.41 

50-74.99 85.2% 1.39 1.20, 1.61 

75+ 86.8% 1.46 1.20, 1.78 

Car access    
Have car access 72.1% ref ref 

No car access 86.6% 1.87 1.72, 2.03 

NS Socio-Economic Classification (current or last job) 

Managerial  73.0% ref ref 

Intermediate 73.4% 0.93 0.87, 0.99 

Routine/manual 80.6% 1.22 1.14, 1.30 

Not classified   74.3% 0.69 0.59, 0.82 
NS - National Statistics  
*Population density of the post code sector of the household address, postcode sectors have a mean population of 
7,000 
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55.2% of participants (n = 18,420) did at least one active travel stage on the diary day, of whom, 

85.3% held a bus pass (Table 8-4). The median number of total active journeys stages in this group 

was eight, while the median bus travels stages and active stages as part of bus journeys was two and 

one respectively. 31.4% of total active journeys stages were part of bus journeys.  

Table 8-4: Travel patterns of those participants who reported any active travel in the diary week 

   
N who did any active travel in the diary week (%) 18,420 (55.2%) 

% with a bus pass 85.3% 

Bus travel* 2 (0-4) 

Active travel as part of a bus journey* 1 (0-4) 

Total active travel* 8 (4-16) 

% of total active stages which are part of a bus journey 31.4% 

*median number of stages/week (interquartile range) from the travel diary 

 

 

Table 8-5 shows the results of zero-inflated negative binomial regression of participants’ travel diary 

data from the entire sample and gives the AOR of reporting any active travel stages among bus pass 

holder compared with non-holders, in addition to the IRR for the amount of active stages in bus pass 

holders compared with non-holders. Participants were much more likely to travel by bus if they held 

a bus pass compared with those who did not, (AOR = 10.31 (9.18, 11.56)) (Table 8-5). Among those 

who did at least some bus travel, bus pass holders carried out more bus journey stages than non-

holders, IRR = 1.19 (1.06, 1.33). There were no clear trends in bus travel over time, with confidence 

intervals crossing the no-effect for each year. Participants aged 75+ years had a lower odds of doing 

any bus travel (AOR = 0.69 (0.63, 0.75)) and accumulated fewer bus journey stages than younger 

participants (IRR = 0.91 (0.87, 0.96)). Women participants were more likely than men to do any bus 

travel (AOR = 1.36 (1.30, 1.43)), however, among participants that did some bus travel, women 

accumulated less than men (IRR = 0.93 (0.90, 0.96)). Black participants had a greater odds of any bus 

travel than Whites (AOR = 1.54 (1.14, 2.09)), this was not the case for South Asians. Each minority 
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ethnic group accumulated a greater amount of bus travel than White participants, for example, 

among South Asians the IRR = 1.34 (1.17, 1.54). 

Bus pass holders were 12 times as likely to record some active travel as part of a bus journey than 

non-holders, AOR = 12.27 (10.73, 14.04). Among those who accumulated some active travel as part 

of bus journeys, bus pass holders also reported more than non-holders, IRR = 1.38 (1.17, 1.63). No 

association was seen with year of data collection. Among Black participants there was a greater odds 

of accumulating some active travel as part of bus travel than among White participants (AOR = 1.78 

(1.19, 2.66)), among those who accumulated at least some active stages as part of bus travel, levels 

were higher among South Asians than White participants, IRR = 1.42 (1.13, 1.78). 

Bus pass holders were more likely to report an active stage than non-holders, AOR = 3.54 (3.31, 

3.78), while among those that accumulated at least one active stage, bus pass possession was 

associated with more active stages IRR = 1.09 (1.04, 1.13). The accumulation of active stages was 

less likely in the more recent years of data collection, for example in 2012, the AOR for any active 

travel was 0.78 (0.69, 0.89) compared with 2006, while the IRR for those participants in 2012 was 

0.89 (0.83, 0.95). South Asian participants were less likely to report active travel than White 

participants (AOR = 0.61(0.49, 0.77)). Of those accumulating some active travel, Black participants 

accumulated fewer stages than their equivalent White participants, IRR = 0.84 (0.73, 0.97). 
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Table 8-5: Association between bus pass possession and reporting active travel stages in the NTS diary 2006 – 2014 

 Bus Stages Active stages as part of a bus journey Total active stages 

 AOR IRR AOR IRR AOR IRR 

Bus Pass Possession          

No pass ref ref ref ref ref ref 

Has a pass 10.31*** (9.18, 11.56) 1.19** (1.06, 1.33) 12.27*** (10.73, 14.04) 1.38*** (1.17, 1.63) 3.54*** (3.31, 3.78) 1.09*** (1.04, 1.13) 

Year            

2006 ref ref ref ref ref ref 

2007 1.05 (0.90, 1.22) 0.98 (0.91, 1.06) 1.08 (0.90, 1.29) 0.97 (0.85, 1.11) 0.98 (0.86, 1.11) 0.95 (0.88, 1.01) 

2008 1.01 (0.87, 1.16) 0.97 (0.90, 1.05) 1.00 (0.84, 1.19) 0.94 (0.83, 1.08) 0.95 (0.84, 1.08) 0.88*** (0.82, 0.94) 

2009 1.01 (0.88, 1.17) 1.00 (0.93, 1.08) 1.03 (0.86, 1.22) 0.94 (0.82, 1.08) 0.87* (0.76, 0.99) 0.94 (0.87, 1.00) 

2010 0.96 (0.83, 1.11) 0.97 (0.90, 1.05) 0.93 (0.78, 1.11) 0.96 (0.84, 1.09) 0.73*** (0.65, 0.83) 0.91** (0.85, 0.97) 

2011 0.91 (0.79, 1.06) 0.97 (0.90, 1.05) 0.85 (0.72, 1.02) 1.05 (0.91, 1.21) 0.80*** (0.71, 0.91) 0.91** (0.85, 0.98) 

2012 0.99 (0.85, 1.14) 0.95 (0.88, 1.02) 0.97 (0.81, 1.15) 0.96 (0.83, 1.10) 0.78*** (0.69, 0.89) 0.89*** (0.83, 0.95) 

2013 0.94 (0.81, 1.09) 0.98 (0.91, 1.06) 0.91 (0.76, 1.09) 0.98 (0.85, 1.13) 0.77*** (0.68, 0.88) 0.89*** (0.83, 0.95) 

2014 1.03 (0.89, 1.20) 0.93 (0.86, 1.00) 0.99 (0.83, 1.18) 0.99 (0.86, 1.14) 0.77*** (0.67, 0.87) 0.91** (0.85, 0.97) 

Age            

60-64 ref ref ref ref ref ref 

65-69 0.99 (0.91, 1.08) 0.96 (0.91, 1.01) 1.05 (0.95, 1.16) 0.91* (0.83, 0.99) 0.93 (0.86, 1.00) 0.93*** (0.89, 0.97) 

70-74 1.00 (0.91, 1.10) 0.96 (0.91, 1.02) 1.10 (0.98, 1.23) 0.89** (0.81, 0.97) 0.82*** (0.75, 0.89) 0.90*** (0.86, 0.94) 

75+ 0.69*** (0.63, 0.75) 0.91*** (0.87, 0.96) 0.76*** (0.68, 0.84) 0.82*** (0.75, 0.89) 0.49*** (0.46, 0.53) 0.80*** (0.76, 0.83) 

Sex of person           

Men ref ref ref ref ref ref 

Women 1.36*** (1.30, 1.43) 0.93*** (0.90, 0.96) 1.47*** (1.39, 1.56) 0.91*** (0.86, 0.96) 0.99 (0.95, 1.04) 0.87*** (0.84, 0.89) 

Ethnicity           

White ref ref ref ref ref ref 

South Asian 0.87 (0.68, 1.11) 1.34*** (1.17, 1.54) 0.93 (0.70, 1.23) 1.42** (1.13, 1.78) 0.61*** (0.49, 0.77) 1.07 (0.93, 1.23) 

Black 1.54** (1.14, 2.09) 1.21** (1.07, 1.37) 1.78** (1.19, 2.66) 1.11 (0.93, 1.32) 1.28 (0.93, 1.74) 0.84* (0.73, 0.97) 

Other 1.23 (0.90, 1.68) 1.29*** (1.13, 1.48) 1.50* (1.02, 2.20) 1.18 (0.94, 1.47) 1.01 (0.76, 1.34) 0.96 (0.84, 1.10) 

Geographic Area          

London 1.27*** (1.12, 1.44) 1.19*** (1.12, 1.26) 1.12 (0.97, 1.30) 1.23*** (1.10, 1.38) 1.15* (1.02, 1.30) 1.17*** (1.10, 1.25) 

>250k people (except London) 1.05 (0.95, 1.16) 1.14*** (1.09, 1.20) 1.05 (0.93, 1.18) 1.10* (1.00, 1.20) 0.90* (0.82, 0.99) 0.99 (0.95, 1.04) 

50k-250k people ref ref ref ref ref ref 

<50k people 0.67*** (0.60, 0.74) 0.86*** (0.81, 0.91) 0.62*** (0.55, 0.70) 0.87** (0.78, 0.96) 0.85*** (0.78, 0.93) 1.04 (0.99, 1.09) 
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 Bus Stages Active stages as part of a bus journey Total active stages 

 AOR IRR AOR IRR AOR IRR 

Housing tenure       

Owns ref ref ref ref ref ref 

Rents 0.96 (0.88, 1.04) 1.05* (1.01, 1.10) 0.99 (0.89, 1.10) 1.02 (0.95, 1.09) 0.74*** (0.68, 0.81) 0.99 (0.95, 1.03) 

Area population density persons/hectare*      

0-14.99 ref ref ref ref ref ref 

15-29.99 1.11* (1.01, 1.22) 1.01 (0.96, 1.06) 1.19** (1.07, 1.33) 0.98 (0.90, 1.07) 1.11* (1.02, 1.21) 1.01 (0.96, 1.05) 

30-49.99 1.15** (1.03, 1.28) 1.01 (0.95, 1.06) 1.20** (1.06, 1.36) 1.06 (0.96, 1.17) 1.19*** (1.08, 1.31) 1.07** (1.02, 1.13) 

50-74.99 1.45*** (1.23, 1.70) 1.04 (0.96, 1.11) 1.57*** (1.29, 1.92) 1.09 (0.96, 1.25) 1.40*** (1.21, 1.63) 1.16*** (1.08, 1.25) 

75+ 1.41** (1.14, 1.75) 1.13** (1.03, 1.23) 1.75*** (1.33, 2.31) 1.17* (1.00, 1.37) 1.43*** (1.16, 1.77) 1.39*** (1.27, 1.53) 

Car Access           

Car Access ref ref ref ref ref ref 

No Car Access 4.52*** (4.16, 4.93) 1.72*** (1.65, 1.80) 5.63*** (5.05, 6.28) 1.81*** (1.69, 1.94) 3.84*** (3.52, 4.18) 1.46*** (1.40, 1.52) 

Household NS Socio-Economic Classification (current or last job)         

Managerial  ref ref ref ref ref ref 

Intermediate 1.04 (0.95, 1.13) 1.03 (0.98, 1.09) 1.09 (0.98, 1.20) 1.02 (0.93, 1.12) 0.85*** (0.79, 0.92) 0.92*** (0.88, 0.96) 

Routine/manual 1.12** (1.04, 1.22) 1.11*** (1.06, 1.16) 1.25*** (1.14, 1.37) 1.03 (0.95, 1.11) 0.83*** (0.77, 0.90) 0.92*** (0.88, 0.95) 

Not classified   0.76** (0.62, 0.92) 1.09 (0.98, 1.21) 0.80 (0.62, 1.01) 0.98 (0.84, 1.15) 0.78** (0.64, 0.94) 0.89* (0.82, 0.98) 

NS – National Statistics NTS – National Travel Survey  AOR – Adjusted Odds Ratio  IRR – Incident Rate Ratio 
*Population density of the post code sector of the household address, postcode sectors have a mean population of 7,000 
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Table 8-6 shows the results of a logistic regression giving the odds ratio of reporting walking for 20+ 

minutes  three or more times per week in the NTS interview. Those with a bus pass were more likely 

to report walking three or more times a week than non-holders, AOR = 1.43 (1.34, 1.53). Those aged 

75 and over were less likely walk three or more times per week than younger participants (AOR = 

0.82 (0.76, 0.89)). Women participants were less likely to walk three or more times per week than 

men, AOR = 0.46 (0.43, 0.50). 
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Table 8-6: Maximally adjusted association between holding a bus pass and reporting a walking frequency of 3 
or more time a week in the NTS interview 2006-2014 

 Walking ≥ 3 times/week Walking ≥ 3 times/week 

 %  AOR 

Bus Pass Possession   

No pass 30.5 ref 
Has a pass 35.1 1.43*** (1.34, 1.53) 

Year of participation   
2006 32.2 ref 
2007 33.8 1.43*** (1.34, 1.53) 
2008 31.5 1.05 (0.93, 1.18) 
2009 34.7 0.93 (0.82, 1.05) 
2010 33.2 1.06 (0.93, 1.20) 
2011 34.0 0.96 (0.85, 1.09) 
2012 33.7 1.02 (0.90, 1.16) 
2013 35.9 1.02 (0.90, 1.16) 
2014 36.8 1.12 (0.98, 1.27) 

Age    
60-64 39.1 ref 
65-69 39.9 0.95 (0.73, 1.23) 
70-74 35.9 0.98 (0.92, 1.05) 
75+ 23.9 0.82*** (0.76, 0.89) 

Sex    
Men 36.0 ref 
Women 32.1 0.46*** (0.43, 0.50) 

Ethnicity   

White 34.1 ref 
South Asian 31.1 1.17** (1.04, 1.32) 
Black 28.8 0.80* (0.65, 0.98) 
Other 35.6 0.77* (0.60, 0.99) 

Geographic Area   

London 34.3 0.83*** (0.79, 0.86) 
>250k people (except London) 30.7 0.96 (0.86, 1.07) 
50k-250k people 34.2 ref 
<50k people 35.7 0.86*** (0.79, 0.94) 

Housing Tenure   

Owns 35.6 ref 
Rents 26.5 0.73*** (0.61, 0.88) 

Area population density persons/hectare 

0-14.99 35.0 ref 
15-29.99 32.9 0.70*** (0.65, 0.75) 
30-49.99 31.9 0.99 (0.91, 1.07) 
50-74.99 33.6 0.98 (0.89, 1.08) 
75+ 36.7 1.07 (0.93, 1.24) 

Car Access   
Car Access 28.8 ref 
No Car Access 35.5 1.08 (0.99, 1.18) 

NS Socio-Economic Classification (current or last job) 

Managerial  37.6 ref 
Intermediate 33.0 1.11** (1.03, 1.19) 
Routine/manual 30.0 0.86*** (0.81, 0.93) 
Not classified   26.8 0.81*** (0.75, 0.86) 

AOR-adjusted odds ratio, IRR-incident rate ratio, NS-National Statistics, NTS-National Travel Survey 
*Population density of the postcode sector of the household address, postcode sectors have a mean population of 7,000. 

*** p<0.001, ** p<0.01, * p<0.05 
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8.3 Results - Ethnic differences in bus pass use 

Table 8-7 gives the characteristics of the study sample separately for each ethnic group. White 

participants made up 96.1% of the study sample, which is representative of the ethnic make-up of 

England residents in this age group.[68] Participants of Black ethnicity were the most likely to be bus 

pass holders, with 83.6% holdership, compared with 73.6% of South Asian and 75.3% of White 

participants (p<0.001). Just 11.5% of White participants resided in London, compared with 50.8% of 

South Asians and 61.3% of Black participants (p<0.001). South Asians were more likely to be 

homeowners, with 87.4% home ownership, compared with 82.1% of White participants and 64.4% 

of Black participants (p<0.001). Black participants were more likely to live in more densely populated 

areas: 31.0% of Black participants lived in areas of 75+ persons per hectare, compared with 18.0% of 

South Asians and 2.8% of Whites. Just 51.1% of Black participants had access to a car, compared with 

77.3% of White participants and 80.4% of South Asians (p<0.001).  
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Table 8-7: Characteristics of NTS participants from 2006 to 2014 who were eligible for a free older peoples bus 
pass (aged 60-99) by ethnic group 

 

White 
N. / % 

South Asian 
N. / % 

Black 
N. / % 

Other 
N. / % p-value* 

Total 
N. / % 

All participants 32 030 557 403 354  33 344 

Mean age 71.0 69.3 70.2 69.0  70.9 

Age group       
60-64 25.1% 27.8% 26.1% 33.3% p<0.001 25.2% 

65-69 24.3% 29.1% 29.0% 27.1%  24.5% 

70-74 19.3% 21.4% 18.1% 20.1%  19.3% 

75+ 31.4% 21.7% 26.8% 19.5%  31.0% 

Sex       
Men 47.1% 52.1% 44.9% 49.2% p=0.076 47.1% 

Women 52.9% 47.9% 55.1% 50.8%  52.9% 

Geographical area     
London 11.5% 50.8% 61.3% 59.3% p<0.001 13.3% 
>250k people 
(except London) 25.7% 30.7% 26.3% 13.3%  25.7% 

50k-250k people 19.8% 10.8% 6.7% 16.9%  19.5% 

<50k people 43.0% 7.7% 5.7% 10.5%  41.6% 

Housing Tenure      

Owns 82.1% 87.4% 64.4% 70.3% p<0.001 81.9% 

Rents 17.9% 12.6% 35.6% 29.7%  18.1% 

Area population density persons/hectare     
0-14.99 50.4% 12.4% 8.9% 16.7% p<0.001 48.9% 

15-29.99 23.8% 13.3% 16.6% 19.8%  23.5% 

30-49.99 17.7% 33.8% 21.3% 23.4%  18.1% 

50-74.99 5.3% 22.6% 22.1% 18.6%  5.9% 

75+ 2.8% 18.0% 31.0% 21.5%  3.6% 

Car access       
Have car access 77.3% 80.4% 51.1% 67.2% p<0.001 76.9% 

No car access 22.7% 19.6% 48.9% 32.8%  23.1% 

NS Socio-Economic Classification (current or last job)    
Managerial  44.4% 45.6% 36.5% 51.1% p<0.001 44.4% 

Intermediate 22.7% 20.1% 16.9% 20.6%  22.5% 

Routine/manual 30.5% 28.5% 40.7% 22.9%  30.5% 

Not classified   2.5% 5.7% 6.0% 5.4%  2.6% 

Walking frequency      
Walk < 3x /week 65.9% 68.9% 71.2% 64.4% p=0.061 66.0% 

Walk ≥ 3x /week 34.1% 31.1% 28.8% 35.6%  34.0% 

Bus pass possession      
No bus pass 24.7% 26.4% 16.4% 21.5% p<0.001 24.6% 

Have a bus pass 75.3% 73.6% 83.6% 78.5%   75.4% 

NTS=National Travel Survey, NS=National Statistics. *- Pearson’s Chi-squared test 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and 

Bangladeshi), Black (Black African, mixed White & Black African, Black Caribbean, mixed White & Black 

Caribbean and other Black) and other (other mixed, other Asian and any other). 

Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and 

Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of 

Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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8.3.1 Patterns of Active Travel 

The percentage of participants of each ethnicity reporting any active journey stages during the diary 

week is given in Table 8-8, alongside information about their bus and active travel levels. 72.2% of 

Black participants did some active travel, this was 55.0% among Whites and 51.0% among South 

Asian participants. Levels of bus pass possession among these participants were similar across ethnic 

groups: 85.2% of White, 84.5% of South Asian and 89.0% of Black participants (p=0.186). Black 

participants each carried out a median of four bus stages during the diary week, this compared with 

two in both South Asian and White participants. The median number of active stages as part of a bus 

journey in the diary week reflected this, with Black participants accumulating four, South Asians two 

and Whites just one (p<0.001). The median of total active stages was greatest among South Asian 

participants who accumulated 12 in the diary week, compared with eight for both White and Black 

participants (p<0.001). The percentage of total active stages which formed part of a bus journey was 

56.2% among Black participants, 44.4% among South Asian participants and 28.9% among Whites 

(P<0.001). 

Table 8-8: Travel patterns of those participants who reported any active travel stages in the diary week 

  White South Asian Black Other p-value 

N who did any active 

travel (%) 
17 619 (55.0%) 284 (51.0%) 291 (72.2%) 226 (63.8%) p<0.001a 

% with a bus pass 85.2% 84.5% 89.0% 88.1% p=0.186a 

Bus travel* 2 (0-4) 2 (0-6) 4 (2-8) 4 (0-8) p<0.001b 

Active travel as part of a 

bus journey* 
1 (0-4) 2 (0-8) 4 (1-9) 4 (0-8) p<0.001b 

Total active travel* 8 (4-16) 12 (4-17) 8 (4-17) 11 (4-18) p<0.001b 

% of total active stages 

which are part of a bus 

journey 

28.9% 44.4% 56.2% 46.2% p<0.001a 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and 
Bangladeshi), Black (Black African, mixed White & Black African, Black Caribbean, mixed White & Black 
Caribbean and other Black) and other (other mixed, other Asian and any other). 
*median number of stages/week (interquartile range) 
a - Pearson’s Chi-squared test, b - Kruskal-Wallis test 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and 
Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of 
Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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8.3.2 Bus Pass Possession and Active Travel 

Table 8-9 shows the results of the zero-inflated negative binomial regression which compares the 

active travel stages among bus pass holders and non-holders, providing and AOR for reporting any 

stages and the IRR for the amount of stages reported. In all ethnic groups, bus travel was more likely 

among bus pass holders than non-holders. For example, among Black participants, AOR = 0.31 (0.17, 

0.57) among non-holders and AOR = 1.33 (0.99, 1.80) among holders. In each minority ethnic group, 

bus pass holders did a greater amount of bus travel than White bus pass holders: IRR = 1.33 (1.16, 

1.53) in South Asian participants and IRR=1.22 (1.08, 1.37) in Black participants. 

Table 8-9: Association between holding a bus pass and reporting active travel stages in the diary week by 
ethnic group 

 White South Asian Black Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages     
AOR of doing any travel    
    No Bus Pass 0.09***  (0.08, 0.10) 0.08***  (0.04, 0.16) 0.31***  (0.17, 0.57) 0.17***  (0.08, 0.36) 

    With Bus Pass 1.00  (ref) 0.87  (0.66, 1.13) 1.33  (0.99, 1.80) 1.14  (0.82, 1.58) 

IRR of amount of travel    
    No Bus Pass 0.85**  (0.76, 0.96) 1.06  (0.65, 1.75) 0.96  (0.55, 1.68) 1.00  (0.57, 1.76) 

    With Bus Pass 1.00  (ref) 1.33***  (1.16, 1.53) 1.22**  (1.08, 1.37) 1.29***  (1.12, 1.48) 

Active stages as part of a bus journeys    
AOR of doing any travel    
    No Bus Pass 0.08***  (0.07, 0.09) 0.06***  (0.03, 0.13) 0.33**  (0.17, 0.64) 0.17***  (0.07, 0.39) 

    With Bus Pass 1.00  (ref) 0.93  (0.68, 1.27) 1.38  (0.95, 2.01) 1.39  (0.91, 2.12) 

IRR of amount of travel    
    No Bus Pass 0.74***  (0.62, 0.88) 1.42  (0.77, 2.61) 0.58  (0.33, 1.05) 0.69  (0.38, 1.23) 

    With Bus Pass 1.00  (ref) 1.38**  (1.09, 1.75) 1.16  (0.97, 1.38) 1.18  (0.93, 1.49) 

Total Active Journey Stages    
AOR of doing any travel    
    No Bus Pass 0.29***  (0.27, 0.31) 0.16***  (0.11, 0.25) 0.38**  (0.21, 0.68) 0.24***  (0.14, 0.41) 

    With Bus Pass 1.00  (ref) 0.60***  (0.46, 0.78) 1.21  (0.84, 1.73) 1.05  (0.74, 1.50) 

IRR of amount of travel    
    No Bus Pass 0.94**  (0.90, 0.98) 1.17  (0.88, 1.55) 0.46***  (0.30, 0.70) 0.85  (0.59, 1.23) 

    With Bus Pass 1.00  (ref) 1.03  (0.88, 1.20) 0.88  (0.76, 1.01) 0.95  (0.83, 1.10) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black 
(Black African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and 
other (other mixed, other Asian and any other). 
Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic 
Classification (NS-SEC), population density of household's post code sector (continuous) and home ownership. 

AOR-adjusted odds ratio, IRR-incident rate ratio.  *** p<0.001, ** p<0.01, * p<0.05 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and Laverty, 
A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of Transport & Health, 
2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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In each ethnic group, participants with a bus pass reported more active stages as part of a bus 

journey than those without, for example, among White participants without a bus pass AOR = 0.08 

(0.07,0.09) (Figure 8-2). South Asians bus pass holders also carried out more active stages as part of 

a bus journey than White bus pass holders (IRR = 1.38 (1.09, 1.75).  

Figure 8-2: Active Stages as Part of Bus Journeys 

 

1 - indicates the reference level of white participants with a bus pass 
AOR – Adjusted odds ratio  IRR – Incident rate ratio 
*Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic 
Classification (NSSEC), population density of household's post code sector (continuous) and home ownership. 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and 
Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of 
Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Bus pass holders were more likely to report active journey stages compared with non-holders in 

each ethnic group, for example, among Black participants without a bus pass the AOR was 0.38 

(0.21, 0.68) and among bus pass holders the AOR was 1.21 (0.84, 1.73). However, South Asian bus 

pass holders were less likely than their respective White bus pass holders to do any active journeys 

stages, AOR=0.60 (0.46, 0.78). White and Black bus pass holders accumulated more active journey 

stages than those without a bus pass, this was not the case for South Asian bus pass holders. Among 

those with a bus pass, levels of active travel were similar across ethnic groups with an IRR of 1.03 

(0.88, 1.20) among South Asians and IRR = 0.88 (0.76, 1.01) among Black participants. 

Table 8-10: Association between holding a free bus pass and reporting a walking frequency of 3 or more times 
per week in the NTS interview by ethnic group 

 White South Asian Black Other 

  AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) 

Walking ≥ 3 times/week    

     
    No Bus Pass 0.69***  (0.65, 0.73) 0.46***  (0.30, 0.70) 0.43*  (0.22, 0.82) 0.43**  (0.24, 0.79) 

    With Bus Pass 1.00  (ref) 0.86  (0.68, 1.08) 0.82  (0.63, 1.07) 1.04  (0.78, 1.39) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black 
(Black African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and 
other (other mixed, other Asian and any other). 
Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic 
Classification (NS-SEC), population density of household's post code sector (continuous) and home ownership. 

AOR-adjusted odds ratio, IRR-incident rate ratio.  *** p<0.001, ** p<0.01, * p<0.05 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and Laverty, 
A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of Transport & Health, 
2018. 11: p. 1-14.  2018 Elsevier Ltd. All rights reserved 

 

 

Thirty-four percent of participants reported walking three times per week or more. This did not vary 

appreciably between ethnic groups, with 28.8%, 31.1% and 34.1% of Black, South Asian and White 

participants respectively (p=0.061) (Table 8-7). Holding a bus pass was statistically associated with 

achieving this level of walking only among Whites, with an AOR of 0.69 (0.65, 0.73) among non-bus 

pass holders, with suggestive evidence for an association in other ethnic groups (Table 8-9). For 

example, South Asians without a bus pass AOR = 0.46 (0.30, 0.70), compared with bus pass holder 

with an AOR = 0.86 (0.68, 1.08). The odds of reaching this higher level of walking did not vary by 

ethnic group, for example, Black bus pass holders had an AOR of 0.82 (0.63, 1.07). 
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8.3.3 Sensitivity analyses 

The main analyses are presented with adjustment for only age and sex in Appendix Table A-11, these 

show that adjustment for potentially confounding variables led to some attenuation when compared 

with the minimally adjusted models. For example, in South Asian bus pass holders the age and sex 

adjusted IRR of active stages as part of a bus journey was 1.47 (1.15, 1.87) compared with fully 

adjusted results of 1.38 (1.09, 1.75). Adding the year of data collection as a covariate in the main 

analyses led to only minor effects and did not change the direction or size of associations (Appendix 

Table A-10). This indicated no evidence for a secular trend in associations over time. 

The results of analyses to examine the effect of the chosen ethnic categorisation is presented in 

Appendix Table A-7 to Appendix Table A-9. These analyses suggest that there may be differences 

between participants of Indian ethnicity and those of Pakistani and Bangladeshi ethnicity. Appendix 

Table A-7 shows that participants of Indian ethnicity were more likely to reside in London than those 

of Pakistani/Bangladeshi ethnicity, 56.5% and 40.4% respectively. 91.9% of participants of Indian 

ethnicity were homeowners, compared with 79.3% of those of Pakistani/Bangladeshi ethnicity, 

which indicates greater socio-economic advantage among those of Indian ethnicity. The regression 

analyses suggested some differences between these South Asian groups but not with any statistical 

certainty, for example, the IRR for bus stages among those with a bus pass was 1.40 (1.19, 1.66) and 

1.15 (0.92, 1.43) in participants of Indian and Pakistani/Bangladeshi ethnicity respectively. These 

results also indicate that the re-categorised Black group appeared to have similar outcomes to the 

original Black group, which was used in the main analyses. Insufficient numbers of participants in 

each of these minority ethnic groups meant that conclusive interpretation of these analyses was not 

possible. The exclusion of participants resident in London led to some changes to individual results 

and some loss of statistical significance, for example, South Asians with a bus pass no longer 
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accumulated more active travel as part of bus journeys than White bus pass holders with an IRR of 

1.29 (0.98, 1.72) (Appendix Table A-13).  

Including only walking or cycling in the categorisation of active stages (i.e. excluding bus stages) led 

to some loss of statistical significance, indeed for the analyses of active stages as part of a bus 

journeys, models would not converge on estimates with this revised categorisation. Where the 

analyses were possible, the overall findings were unchanged (Appendix Table A-12).  

8.4 Discussion 

8.4.1 Main findings  

This chapter found that bus pass holdership was associated with higher bus use and greater levels of 

active travel over the eight years for which data were available. Furthermore, these associations 

were of greater magnitude among those of minority ethnic groups. 

8.4.2 Strengths and Limitations 

This chapter is the first to use data from up to eight years following the implementation of the free 

bus pass policy in England and the first to examine potential ethnic differences in associations with 

bus and active travel. The data used in these analyses include detailed data on participants’ travel 

behaviours, in addition to potentially confounding characteristics of participants and their 

neighbourhood of residence.[202] The NTS response rate is commensurable to that of other similar 

national surveys [290], giving a sample which was representative of the general population aged 60 

years and above in England in terms of age, sex and ethnicity.[68]  
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Limitations of these analyses include the cross sectional nature of the data, this means that 

establishing causation was not possible and that findings may be influenced by reverse causality. The 

associations between the free bus pass and active travel may be due to more active participants 

being more likely to apply for, and hold, a free bus pass. The data collected by NTS is self-reported 

and is therefore susceptible to reporting errors. The use of a travel diary is intended to minimise 

biases associated with these errors, but despite this, and the use of weighting to correct for some 

known biases, it is unlikely that they are eliminated completely.[200] There is no evidence that non-

response was associated with bus pass possession or active travel, however, the possibility cannot 

be discounted. A detailed analysis of more disaggregated ethnic groups was not possible due to the 

low number of participants of some minority ethnicities, indeed, the estimates from the main 

analyses suffered from a lack of statistical precision. The sensitivity analyses showed that with a 

sample which includes more ethnic minority participants, it might be possible to explore these 

associations in greater detail. This might be possible when additional years of NTS data become 

available or with a dataset with an ethnic boost to the sample. 

There are notable differences between the ethnic compositions of large conurbations when 

compared with more rural areas in England, with a greater proportion of ethnic minorities in large 

cities. These cities, which are characterised by increased population density, also have a greater 

provision of bus services and other public transport.[287, 332, 333] Furthermore, bus pass provision 

in different areas of England differed both before and after bus pass was introduced in 2006. Before 

the 2006 national policy was rolled out, residents of some local authority areas were entitled to free 

bus travel, albeit with certain restrictions.[334] After the introduction of the free bus pass, some 

areas have seen particularly high levels of uptake, in London for example, where the bus pass 

entitles holders to free travel on other public transport modes, such as the Underground train.[80] It 

was not possible to assess the impact of pre-existing local policies on bus pass uptake, however, 
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analyses in this chapter did account for the geospatial differences by adjusting for the size of 

conurbation of residence and the population density of postcode sector of residence. 

The inclusion of public transport stages in the classification of active stages was necessary as short 

walks, such as those to or from bus stops, are disproportionately underreported in surveys of this 

kind.[204, 325-327] In order to capture all bus users, including those who did not report how they 

accessed the bus, public transport was categorised as active. In any case, this decision impacted on 

only two of the four outcomes (total active stages and active stages as part of bus journeys) and 

when considered together, the four outcomes give a more complete understanding. 

8.4.3 Comparison with other work 

Several studies have previously examined the travel associations of the free bus pass for older 

people in England. A study using NTS data up to 2008 showed that the bus pass was associated with 

bus use, active travel and walking frequency, with associations comparable with those in this 

chapter.[80] The findings in this chapter extend this by using data over a much greater time period, 

indicating that the associations found immediately following implementation have been maintained 

and have not faded over time. Other research, using the English Longitudinal Study of Aging (ELSA), 

has found that the free bus pass was associated with higher bus use, lower adiposity and greater gait 

speed, although these findings appeared strongest in women.[81, 82]  

Evaluation of a free bus pass for young people in London (aged 12-16), introduced in 2005, found 

that among those eligible, the distance and number of journeys by bus did not increase following 

implementation and that proportion of short journeys which were walked decreased, although the 

total distance walked did not decrease.[335] Differences in the associations of free bus travel 

between age groups might be due to different mode preferences in the respective eligible 
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populations. Younger people in England are unable to drive until they reach 17 years of age, 

although they can be car passengers. It is plausible that free public transport might displace walking 

journeys in younger people and driving journeys in older people. However, more research would be 

needed to explore this further. 

8.4.4 Implications 

Access to transport facilitates healthy behaviours and can act to buffer the impacts of the social 

determinants of health.[336] This includes transport’s importance for maintaining social networks 

and for accessing healthcare, the loss of which are important contributors to health 

inequalities.[227, 336] Together with these factors, policies promoting public transport may have 

physical activity benefits associated with walking and cycling to access public transport. This may be 

particularly important in those for whom walking or cycling an entire journey is not possible and 

those who may not participate in sport or other leisure time physical activity. Although transport is 

only one domain of physical activity, people that participate in active travel generally accumulate 

greater levels of total physical activity.[171, 337] 

It was differences in geospatial characteristics, in addition to socio-economic position which led to 

some differences between unadjusted and adjusted findings. For example, Table 8-8 shows that bus 

pass holdership is much higher in Black participants than in White or South Asian participants but 

when adjusting for socio-economic and geospatial factors, these ethnic differences were no longer 

seen (Table 8-3). Ethnic minority groups are more likely to travel by active modes than Whites and 

some minority ethnic groups also accumulate lower levels of leisure physical activity than Whites. 

Groups with greater levels of bus pass uptake and with greater levels of bus use can take greater 

advantage of the bus pass policy. The bus pass is associated with higher active travel and this 

appears to be the case across ethnic groups. These findings indicate that those of minority 
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ethnicities may benefit to a greater extent from a free bus pass policy and that some of these 

benefits are driven by the socio-economic position of those in minority ethnic groups; this does not 

affect the fact that ethnic minority groups benefit disproportionately. It has previously been shown 

that the benefits of the free bus pass are similar across socio-economic groups, based on housing 

tenure.[80] It must be noted however, that the higher use of bus and active travel modes among 

those of minority ethnicities in the zero-inflated negative binomial regression analyses in Section 8.3 

persist after adjustment for several markers of socio-economic position, including housing tenure. 

There are several additional confounding factors which were not considered in this analysis, such as 

distance travelled. However, the differences in travel behaviour between the ethnic groups was not 

considered a result of ethnicity itself but as a result of their circumstance and social context and 

therefore, to adjust for every aspect of these circumstances would potentially eliminate the 

differences seen between ethnic groups. However, as the ethnic differences act through this context 

rather than through any inherent or genetic differences between ethnic groups, this was considered 

to be over adjustment. 

8.5 Conclusion 

This chapter found that possession a free bus pass was associated with higher bus use and active 

travel. Additionally these findings suggest that these associations were greater among minority 

ethnic groups and that they did not change over time.   
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 Chapter 9 – Commute mode and mortality 

and cancer incidence using longitudinal 

census data 

Research into the health effects of transport has primarily focused on walking and cycling. 

Systematic reviews and meta-analyses have shown an association between walking and a reduced 

risk of elevated blood pressure, CVD mortality and all-cause mortality [174, 175, 177] and between 

cycling and reduced risk of adiposity, diabetes and all-cause mortality.[174, 176, 177] Examination of 

commute mode specifically found that walk commuting was associated with a reduced risk of CVD 

incidence and cancer mortality, while cycle commuting was associated with a reduced risk of all-

cause mortality, cancer mortality, CVD incidence, and cancer incidence.[178, 179] Systematic 

reviews of walking and cycling often pool multiple cardiovascular endpoints, including ischaemic 

heart disease (IHD), stroke and heart failure.[171, 178, 338] Differences between these outcomes 

are not then explicitly considered, despite some evidence that risk profiles differ in different 

cardiovascular outcomes.[339] This is likely to be due to insufficient studies for each specific 

outcome, which would indicate that this is a potentially neglected area of study. Breast cancer 

specific risk has been examined, with a systematic review and meta-analyses finding no association 

seen between commuting by walking, cycling or a combined measure of the two, although the 

absence of a definitive finding might have been due to a lack of precision.[178] 

Chapter 7 of this thesis found that public transport users in England accumulated 21 minutes per day 

of physical activity in the course of public transport journeys. This is consistent with the findings of a 

2012 systematic review, which found that public transport was associated with 7 - 33 minutes per 
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day of physical activity, although several of the included studies had small or selective samples.[184] 

Data from more recent objective measures of physical activity suggested that public transport use 

was associated with 10 minutes per journey of MVPA and 15 minutes per day of physical 

activity.[189, 192]  

Recent analyses using UK Biobank data have investigated the mortality and cancer effects of walking 

and cycling, in addition to other transport modes.[181, 182] UK Biobank is a population based cohort 

of approximately 500,000 adults aged 40+, with data-linkage to mortality and cancer 

registrations.[340] One of these studies found that using a combination of motorised transport and 

cycling was associated with a reduced risk of all-cause mortality, cancer mortality and cancer 

incidence, when compared with an inactive reference category.[181] No associations were seen 

between a combination of motorised transport and cycling and CVD incidence or mortality, or 

between a combination of motorised mode and walking and any of the examined outcomes.[181] 

Motorised modes included car and public transport users, therefore it was not possible to make 

specific statements about the associations of public transport use. Another study using the same 

data found that using alternatives to car travel was associated with a lower risk of all-cause 

mortality, CVD incidence and CVD mortality.[182] Health benefits were seen for commuting and 

non-commuting travel, including among those who did not regularly commute. However, all those 

who didn’t exclusively travel by car were aggregated into a single group, this included public 

transport users and others.[182] Neither of these studies were able to examine the effects of public 

transport use specifically due to the categorisations of transport mode used. These studies both had 

a relatively short available follow-up and consequent low numbers of events, follow-up was five 

years for one study [181] and seven years for the other.[182] However, if public transport use was 

associated with health benefits this would be important due to the large numbers of people who use 

public transport, for example, 16% of commuters in the 2011 Census of England and Wales did so by 

public transport.[272]  



Chapter 9 – Commute mode and mortality and cancer incidence using longitudinal census data 

 

164 
 

Because there is no existing research in to the mortality and cancer incidence effects of public 

transport commuting, research questions addressed in this chapter are: 

• Which individual and neighbourhood characteristics are associated with commute mode in 

England and Wales? 

• Is commute mode associated with cancer incidence, cancer mortality, CVD mortality or all-

cause mortality? 

• Does commute distance effect the association between commute mode and cancer and 

mortality outcomes? 

• Does the socio-economic position of commuters effect the association between commute 

mode and cancer and mortality outcomes? 

9.1 Methods 

9.1.1 Data 

Data come from the Office for National Statistics – Longitudinal Study (ONS-LS) which contains data 

from each decennial Census of England and Wales between 1971 and 2011. However, analyses in 

this chapter will be restricted to data from the Censuses of 1991, 2001 and 2011, due to important 

variables being unavailable for foregoing Censuses. The Census of England and Wales aims to include 

all usual residents and individuals visiting on the census date, regardless of age. Census participation 

is a legal requirement in the UK and considerable effort and resource is spent to ensure that 

participation rates are maximised because these data are used to plan provision of public 

services.[341] The England and Wales Census response rates are therefore high, achieving 94% in 

2011, however, considerable challenges are posed capturing some populations, for example, the 

homeless and rough sleeping populations.[342] 
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The ONS-LS samples approximately 1% of the population (around 500,000 individuals) from each 

Census, based on those born on four undisclosed dates in the calendar year (4 out of 365). 

Participants are traced to the NHS register, with tracing completed for 98.8% of eligible participants 

in 2011, this allows census data from consecutive Censuses to be linked together, in addition to 

enabling the linkage of events data, such as mortality and cancer registrations.[343] After the 

exclusion of those known to have died or emigrated, 87.7% of participants from 2001 were linked to 

the 2011 Census, with missingness likely to be due to unreported emigration, census non-response 

or misreported dates of birth.[343]  

Census questions have changed slightly over time reflecting changes in society, for example, a 

question about outside toilets was dropped after 1991, the same year that a question about central 

heating was added.[343] Census data are self-reported and include individual characteristics, such as 

age, ethnicity, marital status and occupation, in addition to household data such as housing tenure. 

Traditionally, data were collected by postal form or by specially employed enumerators, however, in 

2011 16% of census returns were via the internet.[343] In addition to individual level data, the ONS-

LS is linked to data about participant’s neighbourhood of residence, including population density and 

area-based measures of socio-economic position. 

Outcomes for these analyses were: (1) all-cause mortality, assessed by death registrations. As this is 

mandatory in the UK, participants who have been traced to their NHS record are expected to have 

very high rates of mortality linkage.[344] (2) Specific causes of death were provided using the 

International Classification of Diseases, since January 2001 the 10th revision (ICD 10) has been used, 

prior to this, ICD 9 was used. Specific outcomes examined were: CVD mortality (ICD10 – I20-25 + I60-

69), IHD mortality (ICD10 – I20-25), stroke mortality (ICD10 – I60-69), cancer mortality (ICD10 – C00-

C97 + D37-84), colon cancer mortality (ICD10 – C18) and breast cancer mortality (ICD10 - C50). (3) 

Incident cancer was examined, in addition to incident colon cancer and incident breast cancer. 
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Cancer registration data are collected by the eight English Cancer Registries and the Welsh Cancer 

Intelligence and Surveillance Unit, which have recorded cancer diagnoses using ICD 10 codes since 

1995, and ICD 9 prior to that.[343] 

The specific causes of death investigated all have known associations with physical activity, however, 

disaggregation is indicated as the epidemiology and risk factors associated with IHD are known to 

differ from those of stroke [345, 346], while colon and breast cancer also differ substantially.[347] It 

was therefore not known whether associations between commute mode and cause specific 

outcomes would differ. 

Dates of death and cancer registrations were provided by the ONS-LS to the nearest month, more 

specific time of death was not available due to the risk of individual disclosure and data security 

concerns. Analyses in this chapter considered only participants’ first incidence of cancer registration, 

as subsequent diagnoses might be recurrences, metastases or another primary cancer, all of which 

are likely to have differing prognoses.[348] Breast cancer analyses were restricted to women due to 

potential modification by gender and insufficient cases among men to investigate this fully.[349] 

Follow-up data were available until the end of 2016 for mortality outcomes and the end of 2015 for 

incident cancer.  

Travel data in the Census were restricted to usual commute mode, which participants selected from 

a list of options, the possibilities varied slightly from Census to Census, but have been categorised for 

these analyses as: sedentary modes (e.g. car, motorbike), public transport (e.g. bus, train), walk or 

cycle; those who reported working from home were excluded. The full list of modes available for 

each Census is given in Appendix Table A-14. Further analyses were conducted with public transport 

users disaggregated into bus (bus, minibus) and rail (train, light-rail). Straight-line distance between 

work address and home address was derived for participants in the 2001 and 2011 Censuses, this 
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was used to dichotomise walk and cycle commuters into long and short distance commuters. This 

was based on their distance to work being above or below the mode-specific median commute 

distance, calculated separately for each census year. Commute distance allowed an examination of 

whether any health benefits which were due to physical activity exhibited a dose-response 

relationship, for example, whether greater benefits were seen in those walking longer distances. The 

cut offs at median distance were calculated separately for each Census and in 2011 the median one-

way distances to work were 0.8km for walk and 2.9km for cycle commuters. The distances used 

were not based on any existing evidence, with median distances selected in order to conduct 

exploratory analyses. More details of median distances are presented in Appendix Table A-15. 

Potentially confounding variables included in these analyses were: age; age2; sex; ethnicity (minority 

ethnic group, white); housing tenure (homeowner, non-homeowner); marital status (married, non-

married); education (no degree, has a degree); access to a car (yes, no); National Statistics Social-

economic Classification (higher, intermediate, routine/manual); year entered study and presence of 

a long term illness (yes, no). In addition, neighbourhood measures which were included were 

population density (<2000 persons per km2, 2000+ persons per km2) and Carstairs quintile (a 

composite of male unemployment, lack of car ownership, overcrowding and head of household in 

low social class).[350-352] Individuals were assigned the Carstairs value of their ward of residence 

and quintiles were calculated. The Carstairs index is calculated at the ward level (average population 

approximately 6,500 people [353]), however, as more deprived wards have greater populations than 

less deprived wards, quintiles were calculated for individuals rather than wards,  to ensure that each 

quintile contained approximately equal numbers of participants. 

From the initial 804,090 people who provided data for any of the Censuses in 1991, 2001 or 2011, 

19,413 were excluded as they could not be traced to the NHS register and 5,379 were excluded as 

they emigrated during the follow-up period. 358,176 participants were excluded who did not 
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provide a commute mode, which included those who did not work and those who worked from 

home, while an additional 14,782 were excluded due to missing data for at least one covariate. A 

complete case analysis was therefore carried out on an analytical sample of 391,894, although 

samples differed slightly between analyses.  

9.1.2 Analyses 

The characteristics of participants were summarised by usual commute mode. For participants who 

contributed data from two or more Censuses, the baseline data reflects that provided in the earliest 

census data-point provided. 

In order to establish whether commuting by active or public transport modes was associated with 

health outcomes, analyses were carried out using a time-varying Cox proportional hazards model, 

which is a type of survival analysis.[354] Survival analyses estimate the relationship between the 

time to an event and the included covariates, which might be associated with that length of time. 

The Cox model estimates the ratio of the rate of events between two levels of an explanatory 

variable, known as a Hazard Ratio (HR).[355] HR has an interpretation similar to that of relative risk 

(RR), if HR=1 there is no difference between groups, i.e. a null finding, if HR = 0.5 this group has half 

the hazard of the reference group.[355] The Cox model makes no direct estimate of the baseline 

hazard and makes no assumptions about the form of the hazard over time, it is able to increase, 

decrease , remain constant or could incorporate a combination of these, for example, increasing 

initially and falling later. In Cox regression, the order in which events occur is important for the 

calculation of likelihoods, when events occur at the same time, and are said to be tied, the model 

can handle this in several ways. Analyses in this chapter use the Breslow approximation of the exact 

marginal probability when dealing with ties, the marginal approach assumed that the events did not 

actually occur simultaneously but that we did not know in which order they occurred. As the time of 



Chapter 9 – Commute mode and mortality and cancer incidence using longitudinal census data 

 

169 
 

events in this data were only known to the nearest month, many ties were seen for events which did 

not actually occur simultaneously (actually taking place throughout the month). The Breslow 

approximation is appropriate when the proportion of the risk group experiencing an event is small, 

which was the case these data.[356]  

A time-varying approach was used as this allowed participants who reported different modes in 

different Censuses to contribute data to different commute modes, in addition, this allowed 

covariate data to change where values differed across Censuses. The resulting hazard ratios reflect 

an average which is weighted by the amount of follow-up associated with each commute mode. 

Time-varying covariates were: housing tenure, marital status, education, access to a car, National 

Statistics Social-economic Classification, Carstairs quintile and population density. Time constant 

covariates took their values from the baseline year and were: age at baseline; age at baseline2; sex; 

ethnicity, year entered study and presence of a long term illness at baseline. As having a long-term 

illness was potentially a result of commute mode and therefore an intermediate on the causal 

pathway, it was not considered time-varying and its baseline value was therefore a time-constant 

covariate. 

In maximally adjusted proportional hazard models, a proportionality test based on Schoenfeld 

residuals indicated the assumption was violated for gender and car access. However, the plots of 

Schoenfeld residuals versus time demonstrated the absence of a gross violation of the 

proportionality assumption (Appendix Figure A-4 & Appendix Figure A-5), therefore these variables 

were retained in the analyses.  

The main analyses were conducted using a four-category measure of commute mode (sedentary, 

public transport, walk, cycle) and examined all-cause mortality, CVD mortality, cancer incidence and 

cancer mortality. In addition, analyses were carried out to investigate more specific outcomes, these 
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were: IHD mortality, stroke mortality, colon cancer incidence, colon cancer mortality, breast cancer 

incidence and breast cancer mortality. Analyses were then conducted with public transport users 

disaggregated into bus and rail users in order to examine difference between these two modes. 

Additional analyses were conducted to investigate the impact of commute distance on walk and 

cycle commuters, this was done using data from 2001 and 2011 as there were the only years for 

which commute distance was available. Finally, results were presented stratified by NSSEC and 

population density, in order to examine whether associations varied by these factors.  

Self-reported health was added to the Census in 2001, however, the question changed between 

2001 and 2011 meaning that responses were not comparable. In order to examine whether 

adjustment for self-reported health would have affected the finding of the analyses, models with 10 

years of follow-up (1991-2001) were estimated, with and without adjustment for self-report health 

(good or fairly good vs. not good). In order to investigate potential reverse causality, additional 

analyses were conducted excluding the first 2 years of follow-up subsequent to each Census. 

9.2 Results 

9.2.1 Characteristics of commuters 

65.6% of participants were sedentary commuters, 18.8% were public transport commuters, 12.4% 

walk and 3.2% cycle commuters (Table 9-1). Participants aged between 30 and 59 were more likely 

to be sedentary commuters than those older or younger. For example, 68.1% of those aged 30-44 

were sedentary commuters compared with 62.0% of those aged 29 years or less. Those aged 29 

years or less were most likely to be public transport commuters, 22.5%, compared with 15.7% in 

those aged 45-59. Men were more likely than women to be sedentary commuters (71.6% vs. 58.7%) 

or cycle commuters (4.0% vs 2.3% respectively) but were less likely to be public transport 

commuters (15.6% vs. 22.4%) or walk commuters (8.7% vs. 16.6%). Participants of White ethnicity 
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were more likely to be sedentary commuters (67.3% vs. 50.9%) or cycle commuters (3.4% vs. 1.4%) 

and were less likely to be public transport commuters (16.9% vs. 35.2%). Those who do not hold a 

degree were more likely than those with a degree to be sedentary commuters (66.3% vs. 62.7%) or 

walk commuters (13.4% vs. 8.6%) but were less likely to be public transport commuters (17.1% vs. 

25.3%). Those in areas of less than 2,000 persons per square kilometre were more likely to be 

sedentary commuters than those with at least 2000 persons (75.3% vs. 58.0%) but were less likely to 

be public transport commuters (10.6% vs. 25.1%).  
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Table 9-1: Characteristics of participants by commute mode from ONS Longitudinal Study 1991-2016 

  
Sedentary 

(%) 
Public Transport 

(%) 
Walk 
(%) 

Cycle 
(%) Total 

All 65.6% 18.8% 12.4% 3.2% 391,894 

Age      
16-29 62.0% 22.5% 12.3% 3.2% 148,257 

30-44 68.1% 17.0% 11.6% 3.3% 141,857 

45-59 67.8% 15.7% 13.5% 3.0% 85,319 

60+ 64.3% 16.8% 15.7% 3.2% 16,461 

Sex      
Men 71.6% 15.6% 8.7% 4.0% 208,119 

Women 58.7% 22.4% 16.6% 2.3% 183,775 

Housing tenure      
Homeowner 71.4% 15.7% 10.0% 2.9% 286,795 

Non-homeowner 49.8% 27.1% 18.9% 4.2% 105,099 

Marital status      
Unmarried 60.0% 23.5% 13.0% 3.4% 189,152 

Married 70.8% 14.3% 11.9% 3.0% 202,742 

Ethnicity      
White 67.3% 16.9% 12.4% 3.4% 351,378 

Minority ethnicity 50.9% 35.2% 12.5% 1.4% 40,516 

Education      
No degree 66.3% 17.1% 13.4% 3.2% 311,601 

Has a degree 62.7% 25.3% 8.6% 3.4% 80,293 

Car access      
No car access 17.9% 47.5% 27.9% 6.7% 53,488 

Has access to a car 73.1% 14.2% 10.0% 2.7% 338,406 

Population density      
0-2,000 persons/km2 75.3% 10.6% 11.2% 2.9% 171,229 

2,000+ persons/km2 58.0% 25.1% 13.4% 3.5% 220,665 

NSSEC – social class      
Higher 70.6% 19.6% 7.3% 2.6% 128,788 

Intermediate 69.4% 19.0% 9.6% 1.9% 97,664 

Routine/Manual 59.4% 18.0% 18.1% 4.5% 165,442 

Carstairs quintile      
Least deprived 78.2% 11.0% 8.0% 2.8% 76,324 

2 72.4% 13.8% 10.6% 3.1% 78,956 

3 66.8% 16.6% 13.2% 3.5% 79,892 

4 61.1% 20.8% 14.6% 3.4% 80,597 

Most deprived 49.3% 31.9% 15.6% 3.2% 76,125 

Long term illness      
No illness 65.7% 18.7% 12.3% 3.2% 374,198 

Has an illness 63.2% 19.8% 14.3% 2.7% 17,696 

Entered study      
1991 68.4% 16.2% 12.0% 3.3% 207,809 

2001 65.3% 19.2% 12.4% 3.1% 87,817 

2011 59.7% 23.9% 13.3% 3.1% 96,268 

NSSEC – National Statistics socio-economic classification 
Source ONS Longitudinal Study 
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When public transport commuters were disaggregated, 10.3% of participants were bus commuters 

and 8.5% were rail commuters (Appendix Table A-16). Women were more likely be bus commuters 

than men (14.1% vs. 6.9%) and slightly less likely to be rail commuters (8.3% vs. 8.7%). Those holding 

a degree were less likely to be bus commuters (6.9% vs. 11.2%) and more likely to be rail commuters 

(18.4% vs. 5.9%) than those without a degree. Those in routine/manual occupations were more 

likely to be bus commuters than those in managerial occupations (13.9 vs. 5.9%) and less likely to be 

rail commuters (4.1% vs. 11.9%). 

Those aged 16-29 were less likely to be short walk commuters than older people, for example, when 

compared with those aged 60+ short walk commuters were 5.4% and 8.1% of participants 

respectively, however, the opposite was true with long distance walk commuters (7.4% vs. 5.3%) 

(Appendix Table A-17). Those with a degree were more likely to be long cycle commuters than those 

without a degree (2.0% vs. 1.4%) but this was not seen in short cycle commuters (1.3% vs. 1.7%). 

Those living in areas with a population density of 2,000 person per km2 or above were more likely to 

be long walk commuters than those in less dense settings (6.9% vs. 4.1%), this was not the case with 

short distance walk commuters (5.9%. vs. 6.1%). Those in the most deprived Carstairs quintile were 

more likely to be walk commuter than those in the least deprived quintile, this gradient appeared 

greater for long walk commuters (8.0% vs 2.9%) than short walk commuters (6.8% vs. 4.5%).  

9.2.2 Commute mode and health 

Of the 391,894 people who contributed data to these analyses, 13,983 died during the follow-up 

period. Public transport commuters had a lower risk of incident cancer than sedentary commuters 

(HR = 0.93 (0.89, 0.97)), with other outcomes there is suggestive evidence for a small, but 

statistically non-significant, protective effect from public transport commuting (Figure 9-1 & 

Appendix Table A-18 & Appendix Table A-19). Walk commuters had a reduced risk of incident cancer 
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(HR = 0.93 (0.89, 0.97)) and statistically non-significant positive associations with other outcomes. 

Cycle commuters had a reduced risk of all-cause mortality (HR = 0.80 (0.73, 0.89)), CVD mortality (HR 

= 0.76 (0.61, 0.94)), incident cancer (HR = 0.89 (0.82, 0.97)) and fatal cancer (HR = 0.84 (0.73, 0.98)). 

In unadjusted analyses, walk commuters had considerably higher risk of all-cause (HR = 1.17 (1.11, 

1.23)) and cancer mortality (HR = 1.16 (1.08, 1.25)) than other modes, suggesting that these groups 

had poorer risk profile generally, these associations were not apparent after adjustment for socio-

economic and other factors. 

Figure 9-1: Hazard ratio of mortality and cancer outcomes by commute mode from the ONS Longitudinal Study 
1991-2016 

 

Analyses of specific disease outcomes showed that public transport commuters had a reduced risk of 

incident breast cancer (HR = 0.88 (0.79, 0.97) and had statistically non-significant positive 

associations with each of the other disaggregated outcomes (Figure 9-2, Appendix Table A-22, 

Appendix Table A-23 & Appendix Table A-24). Walk commuters also had a reduced risk of incident 

breast cancer (HR = 0.86 (0.77, 0.95)), while cycle commuters had a reduced risk of IHD mortality (HR 
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= 0.74 (0.58, 0.94)). Other associations with these modes were mixed, with relatively low numbers of 

events leading to a lack of precision for some estimates, especially for cycle commuting. 

Figure 9-2: Hazard ratio of disaggregated mortality and cancer outcomes by commute mode from the ONS 
Longitudinal Study 1991-2016 
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Findings with public transport commuters disaggregated showed that rail commuters had a reduced 

risk of all-cause (HR = 0.90 (0.83, 0.97)) and CVD mortality (HR = 0.80 (0.67, 0.95)), in addition to 

cancer diagnosis (HR = 0.88 (0.83, 0.94)), while bus commuters had no beneficial effects (Figure 9-3, 

Appendix Table A-20 & Appendix Table A-21). It is notable however, that in unadjusted analyses bus 

commuters had poorer outcomes than rail commuters which might reflect the risk profile of bus 

commuters, for example, the unadjusted HR for all-cause mortality among bus commuters was 1.19 

(1.13, 1.26) and in rail commuters was 0.73 (0.68, 0.79). 

Figure 9-3: Hazard ratio of mortality and cancer outcomes by commute mode with disaggregated public 
transport users from the ONS Longitudinal Study 1991-2016 
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There is some suggestive evidence that long distance walk commuters had a lower risk of all-cause 

mortality, CVD mortality and incident and fatal cancer than the equivalent short distance commuters 

(Figure 9-4, Figure 9-5, Appendix Table A-25 & Appendix Table A-26). However, in most cases no 

statistically significant differences were seen, either between long and short distance commuters or 

between long distance commuters and the car commuter reference groups. For example, the HR of 

CVD morality for short and long distance walk commuters was 1.03 (0.82, 1.29) and 0.90 (0.69, 1.17) 

respectively. Unadjusted analyses show that short distance walking commuters have statistically 

significantly poorer all-cause mortality and cancer incidence risk than long distance walk commuters, 

based on non-overlapping confidence intervals. Cycle commuters showed a more mixed picture, 

with long distance not consistently associated with magnitude or direction of associations. This 

might be due to cycle commuters having particularly few events in each distance group leading to 

very wide confidence intervals around some estimates.  
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Figure 9-4: Hazard ratio of mortality outcomes by commute mode and distance from the ONS Longitudinal 
Study 1991-2016 

 
Figure 9-5: Hazard ratio of cancer outcomes by commute mode and distance from the ONS Longitudinal Study 
1991-2016 
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Analyses stratified by NSSEC social classification provides little evidence for a differential effect by 

occupation based socio-economic position (Appendix Figure A-6, Appendix Figure A-7 & Appendix 

Table A-29 – Appendix Table A-38). Although the point estimates for some modes showed lower risk 

of all-cause mortality among the managerial group than for other groups, these were not statistically 

significant differences and were not consistent. Likewise, the analyses stratified by population 

density showed no statistically significant differences and point estimates did not paint a consistent 

picture. 

Adjusting for self-reported health had little impact of the association of commute mode and health 

(Appendix Table A-27). Finally, analyses to examine the impact of excluding the first 2 years of 

follow-up subsequent to each census showed no substantial differences from the main analyses 

(Appendix Table A-28). 

9.3 Discussion 

9.3.1 Main findings 

Analyses of a large sample of census participants found that commuting by public transport was 

associated with a reduced risk of incident cancer. Cycle commuting was associated with a reduced 

risk of all-cause, CVD and cancer mortality, in addition to incident cancer, while walk commuting was 

associated with a reduced risk of incident cancer. When bus and rail commuters were examined 

separately, rail commuting had a reduced risk of all-cause and CVD mortality, in addition to incident 

cancer, while bus commuting showed more modest and statistically non-significant associations. 

There was suggestive evidence of a dose response from walking, with long walk commuting 

appearing to have more positive associations than short walk commuting, this was not seen for cycle 

commuting. 
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9.3.2 Strengths and limitations 

Strengths of these analyses include the large representative sample of census participants with high 

levels of linkage to the NHS register, which means that few events were missed. Participants could 

each contribute up to 25 years of follow-up, which resulted in a considerable period of observation. 

The large sample size allowed public transport users to be examined independently, rather than 

being combined with users of other modes, it also allowed bus, rail, walk and cycle commuters to be 

analysed separately. Examination of specific outcomes were possible due to the large sample and 

detailed outcome data, for example, IHD was separated from stroke. Nonetheless, the focus on 

those of working age means that a relatively low number of events seen in users of some modes. 

Limitations of these analyses include the use of usual commute mode as the exposure, which fails to 

capture travel for other purposes, use of different modes during the same day and use of different 

modes on different days. Usual commute mode was only available every 10 years, it was therefore 

assumed that commute mode did not change during the subsequent 10 years of follow-up. This is 

often not the case and in addition, levels of mode changing might differ between users of different 

modes, for example, 78% of car commuters in 1991 were still commuting by car in 2001 but just 28% 

of cycle commuters and 33% of walk commuters continued with these modes.[357] The assumption 

that the values provided will be constant over the 10 years between censuses also applies to other 

covariates, which might also be expected to change for a substantial proportion of participants. The 

10 year gap between waves also meant that the impact of changes in commute mode were not 

examined as it was impossible to know when changes occurred.  

Data on potentially important confounding variables were not available due to limitations of the 

scope of the census, meaning they could not be taken into account in these analyses. The census 

contains no data on a range of covariates such as: diet quality, adiposity, smoking, air pollution, non-
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commuting physical activity, medications and comorbidities. The impact of the inability to take these 

factors into account might is not entirely clear. Several of these factors are known to be detrimental 

to the health of the socio-economically disadvantaged, including smoking, BMI and diet quality.[358] 

Therefore, additional adjustment might lead to improved outcomes for bus commuters, who are 

generally socio-economically disadvantaged, and worse outcomes among train users who are 

generally more advantaged. However, studies of the BMI status of public transport users show that 

public transport users have lower BMI than car users, unadjusted and in some case adjusted for 

other factors.[172, 180] The impact of air pollution across socio-economic groups is contested with 

findings in Europe particularly mixed.[359] The air pollution exposure of users of different transport 

modes is context dependant and is dependant of ventilation rate in addition to ambient 

concentrations of pollutants.[121, 360] Meaning that although pedestrians may have lower ambient 

pollutant levels, the increased ventilation volume due to the physical activity might lead to greater 

harms.[121, 361] Similarly, cycling among motorised vehicles is likely to lead to higher exposure than 

cycling on a separated cycle track. Data are collected on long-term illness and in more recent 

censuses a question on self-report health was added, although the latter could not be included in 

these analyses as it was unavailable for all the time periods used. Additional analyses using data 

from the 2001 census were carried out with the inclusion of a binary variable for self-reported health 

(good or fairly good vs. not good). These analyses showed the additional adjustment made little 

impact on the association between commute mode and health outcomes (Appendix Table A-27). 

However, it is plausible that more detailed medical history data would have allowed for more 

complete adjustment for participants’ health status, an important potentially confounding factor. 

The study period included a change in the ICD coding used to classify disease, differences between 

ICD 9 to ICD 10 could affect the consistency of outcome data. The most substantial changes related 

to the attribution of main cause of death where an underlying chronic disease and acute ill-health 

contributed to mortality.[362] The changes meant that deaths which might previously have been 
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attributed to acute ill-health (e.g. pneumonia) using ICD 9, were attributed to the underlying chronic 

illness using ICD 10, where the underlying chronic illness was a direct cause of the acute ill-

health.[362] This led to quantified changes in the numbers of deaths attributable to different causes 

[362], however, the impacts of these changes on the association between commute mode and death 

are uncertain. Other potential limitations of the events data include known regional variation in the 

registration of uncertain and unknown neoplasm types, in addition to specific issues like the 

decrease seen in registrations of carcinoma-in-situ of skin, which is no longer a registered 

condition.[363] 

9.3.3 Comparison with other work 

An official ONS data release from the 2011 England and Wales Census found similar commute mode 

share to that in this chapter.[272] The official statistics found that 64% commuted by sedentary 

modes, 16% by public transport and 14% by either walking or cycling, compared with the thesis 

findings of 66% by sedentary modes, 19% by public transport and 16% by walking or cycling.[272] 

Any differences might be because the official figures retained those working from home and those 

commuting by ‘other’ modes, while these were both excluded from analyses in this chapter. ONS 

data are also restricted to the 2011 Census, whereas this thesis combined data from 1991, 2001 and 

2011, based on which was the participant’s baseline year.[272] 

Comparing the prevalence of public transport commuting with public transport use for any purpose 

seen in Chapter 6 of this thesis show that 19% of commuters do so by public transport compared 

with 33% who used public transport for any purpose. The differences are even more pronounced for 

bus use, which was used by 25% of people for any purpose and by 10% of commuters, whereas train 

was used by 11% of people for any purpose and by 8.5% of commuters. This is likely to reflect the 
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greater use of train travel for commuting compared with buses, which have greater use for other 

purposes.[300] 

Existing research found that walking and cycling for any purpose was associated with an 11% and 

10% reduction in all-cause mortality respectively, with the greatest benefits seen among those 

moving from little or no active transport, to some.[174] These findings are lower than the 

associations with cycling found in this chapter (20% risk reduction) and greater than the association 

seen with walk commuting (no evidence for a risk reduction). This might be because the meta-

analysis assumed that both walkers and cyclists accumulated 11.25MET-hrs per week from their 

active travel, this value was selected to correspond to global recommendation of 150 minutes per 

week of moderate intensity physical activity.[141] However, median commute distances in the 2011 

ONS-LS, which were used in this thesis, indicated that commuting resulted in 8km of walking or 

29km of cycling a week, based on two-way commuting five days-a-week. Assuming an average walk 

speed of 4.8km/h and an average cycle speed of 17.7km/h, walking commuters are likely to 

accumulate only about 5.8MET-hours per week on average, while cycle commuters are likely 

accumulate 11.1MET-hours.[139, 319] A greater understanding of the duration and intensity of walk 

and cycle commuting would be necessary to examine this in greater detail.  

A 2018 systematic review and meta-analyses by Dinu et al. examined the impact of walk and cycle 

commuting on a range of outcomes. For every association examined by the systematic review and in 

this chapter, the systematic review found greater effect sizes than seen here. The review found that 

cycle commuting was associated with risk reductions of 24% for all-cause mortality and 25% for 

cancer mortality, with no associations seen with CVD mortality or breast cancer incidence. Walk 

commuting was associated with a 27% reduction in risk of CVD incidence with no association seen 

with other outcomes. These differences could be due to the review comparing the most active 

commuters with the least active, often discarding data from those between.[178, 364, 365] This 
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approach is likely to yield larger differences than the analyses in this chapter, which was not 

restricted to commuters on these extremes. A separate systematic review which examined only 

cycle commuting found that it was associated with reduced risk of incident and fatal cancer, 

although meta-analyses were not conducted.[179] 

The association between walking and cycling commuting has also been reviewed by pooling the 

results of studies examining walking with those examining cycling and those which used a combined 

measure of both.[171, 178] One analysis of walking and cycling combined found walk/cycle 

commuting was associated with an 8% reduction in all-cause mortality and a 9% reduction in CVD 

incidence, with no association seen with CVD morality, cancer mortality or breast cancer 

incidence.[178] These findings are broadly compatible with the findings of this chapter, given that 

they would be expected to be between the findings for walk commuters and cycle commuters, 

which is the case for most outcomes. Another meta-analysis examining commute mode found that a 

combined measure of walking and cycling was associated with an 11% reduced risk of CVD (fatal and 

non-fatal), with these finding stronger among women than men.[171] Again this sits between the 

finding in this chapter for walk commuters and those for cycle commuters when examining CVD 

mortality.  

A 2018 study using UK Biobank data with 5 years of follow-up found that, when compared with non-

active commuting, cycle commuting was associated with lower risk of several outcomes, including: 

all-cause mortality, CVD morality, and cancer mortality, while walk commuting was associated with 

lower risk of CVD incidence and CVD mortality.[181] The associations seen in this study were of 

greater magnitude than found in this chapter, for example, HRs for cycle commuting and all-cause 

and CVD mortality were 0.59 (0.42, 0.83) and 0.48 (0.25, 0.92) respectively, compared with HR = 

0.80 (0.73, 0.89) and HR = 0.76 (0.61, 0.94) in this chapter. This UK Biobank study also investigated 

whether commute distance led to a dose response, with those walking or cycling further to work 
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accumulating greater benefits than those travelling shorter distances. This was seen for cycle 

commuters with all outcomes and for walk commuters with CVD outcomes.[181] The analyses in this 

chapter provide some suggestive evidence for a dose-response relationship for walk commuters but 

not for cycle commuters. A possible explanation for why a dose response was not seen in the 

analyses of cycle commuters in this chapter is that long and short distance cycle commuters may 

have also accumulated relatively large amounts of leisure time physical activity which might mean 

that the difference in commute distance had a relatively smaller impact on overall physical activity 

levels. Because the census data do not have data on leisure physical activity, it is not possible to be 

certain whether this is the case here. However, the UK Biobank study found that walk commuters 

accumulated less leisure time physical activity than cycle commuters and so the distance walked to 

work might be a more important contributor to total physical activity.[181] The difference between 

this chapter and the findings of the UK Biobank study could be due to the restriction of UK Biobank 

to older people, who are generally less active than younger people.[144]  

Another study using UK Biobank investigated commuting, in addition to non-commuting travel.[182] 

Modes were dichotomised into those who exclusively travelled by car and those who used any other 

mode or combination of modes.[182] The outcomes were also all-cause mortality, CVD morality, 

CVD incidence, cancer mortality, cancer incidence. Active travel was associated with lower all-cause 

mortality, incident CVD and CVD mortality, with positive associations seen for commuting and non-

commuting, including among those who were not regular commuters.[182] The two studies using UK 

Biobank data are broadly consistent with the findings of this chapter that travel modes other than 

cars are associated with health benefits. Differences between these studies and the analyses in this 

chapter could be due to UK Biobank participants being able to select multiple travel modes, meaning 

that those reporting only walking or cycling might be more select groups than those reporting 

walking or cycling as usual commute mode. UK Biobank recruited only those aged 40+, meaning that 

these studies were likely to have older populations, UK Biobank studies were also able to adjust for 
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comorbidities, smoking, diet, non-commuting physical activity and smoking. However, due to the 

limited available follow-up and complications categorising travel modes, these studies used 

aggregated mode classifications that do not provide any data specifically about public transport 

users. 

9.3.4 Implications 

This chapter found that commuting by public transport was associated with a reduced risk of 

incident cancer. Cycle commuting was associated with the most advantageous outcomes but 

benefits were also seen among walk commuters. This is important for policy makers, who should 

consider policies to discourage car use and promote the use of more active modes, including public 

transport. 

After adjusting for potentially relevant factors, public transport was associated with health benefits 

when compared with commuting by sedentary modes. This was statistically significant for cancer 

incidence, with suggestive evidence for mortality outcomes. The positive associations appeared to 

be largely driven by rail commuters, who had reduced risk of several outcomes, bus commuters saw 

no health associations. There were notable differences in the unadjusted health associations, with 

bus commuters having poorer unadjusted outcomes than either the sedentary commuter reference 

category (in the case of all-cause and cancer mortality) or the unadjusted rail commuters (in the case 

of all-cause, CVD mortality, cancer mortality and cancer incidence). This reflects the characteristics 

of those that use these differing commute modes and the differences in health outcomes they 

experience. Chapter 6 found that bus users have less socio-economic advantage than rail users, and 

known associations exist between socio-economic disadvantage and poorer health.[227] The impact 

of differences in the unadjusted associations of bus and rail commuters is uncertain and will depend 

of the comprehensiveness of the adjustments made for socio-economic position and other 
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confounding factors. Given the potentially important confounding factors which could not be 

considered in these analyses, it is plausible that residual confounding led to bus commutes 

appearing less favourable than would have been the case had more complete adjustment been 

possible. However, as the associations with rail commutes tended to attenuate from strong health 

benefits in unadjusted analyses, it would then also be possible that rail commuters would 

demonstrate less favourable associations if more complete adjustment were possible.  

Public transport and walk commuting were associated with a reduced risk of cancer incidence but 

were not associated with any mortality outcomes, which might be a result of the more 

chronologically proximal nature of this outcome. One reason this might have an impact is that many 

additional factors might affect a mortality outcome that would not affect incident disease, for 

example, quality of healthcare and treatment received.[366, 367] Another reason might be the 

lower number of mortality events compared with incident events, which will have affected the 

precision of subsequent estimates, for example, 20, 930 incident cancer cases, compared with 6, 509 

cancer deaths. This effect is likely to be exacerbated by the relative youth of the participants, which 

was a consequence of all participants reporting an occupation and commute mode, i.e. not being 

retired. This means that for most participants, any mortality outcome would be premature 

mortality.[368] 

Analyses stratified by NSSEC social classification show no obvious patterns in the associations of 

commute mode and health outcomes. There were some differences in the point estimates for some 

outcomes, however, these were always seen along with overlapping confidence intervals and the 

position of the point estimates relative to one another did not appear consistent. Although stratified 

analyses were limited by low numbers of events and therefore low power, these findings provide no 

evidence for a difference across socio-economic groups (at least not those based on occupation), 

suggesting that associations were not modified by this factor. A similar finding was seen in analyses 
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stratified by population density, therefore it appears that the findings of this study are generalizable 

to those of all occupation categories whatever the population density of their neighbourhood. 

9.4 Conclusion 

Public transport commuting was associated with a reduced risk of cancer incidence, with some 

suggestive evidence for an association with reduced risk of other outcomes, which appeared to be 

driven by rail users. Cycling is associated with a reduced risk of all-cause, CVD and cancer mortality, 

in addition to incident cancer, while walk commuting was associated with a reduced risk of cancer 

incidence. Stratified analyses indicate that no socio-economic or population density groups see 

greater or lesser benefits, suggesting that these finding are generalizable across these groups. An 

increase in the numbers of people commuting by public transport may therefore lead to reduced 

rates of cancer incidence. 
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 Chapter 10 - Discussion 

10.1 Summary of main findings 

The main findings of this thesis are: 

• Public transport use is more common among some groups, including those of minority 

ethnicity and the socio-economically disadvantaged 

• Public transport use is associated with physically active behaviour  

• The free bus pass was associated with higher bus and active travel levels among older 

people and this may be greater among those of minority ethnicity 

• Public transport users benefit from reduced adiposity and lower risk of cancer incidence  

• Together these findings suggest that encouraging public transport use in order to improve 

health and reduce inequalities might be an effective and equitable health improvement 

strategy 

The systematic review of the association between public transport and cardio-metabolic outcomes 

identified 10 studies. Meta-analysis of five of these studies showed that initiating public transport 

use was associated with a reduction in BMI of 0.30 kg/m2, while studies of the association between 

distance to bus stops and adiposity had mixed findings. Analyses of NTS found that bus use was 

more likely in women, the less socio-economically advantaged and those living in areas with high 

population density, while train use was more likely among men, the young and those from socio-

economically advantaged households. Those who combined public transport use with walking or 

cycling in England accumulated an average of 21 minutes a day of physical activity in the course of 

public transport journeys, with one third of these public transport users reaching at least 30 

minutes. The free bus pass was associated with higher bus use and active travel, with these 

associations of greater magnitude among those of minority ethnic groups. Analyses of census data 
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found that public transport use was associated with lower risk of incident cancer, while train use was 

additionally associated with a reduced risk of all-cause mortality and CVD mortality. 

10.2 Limitations 

10.2.1 Scope 

Individual chapters of this thesis contain a discussion of the limitations of the data and methods 

used therein, in this section I will focus on more general limitations. The potential impacts of public 

transport on health and wellbeing are broad and this thesis has focused on only some of these. The 

majority of the empirical work in this thesis was focused on potential physical activity impacts, with 

the exception of the ONS-LS analyses, which used cancer and mortality as outcomes. This means 

that some impacts of public transport have not been included, for example, co-benefits such as air 

pollution, climate change implications, road traffic collisions, and wellbeing more widely. Research 

into associations of commuting and wellbeing have presented a mixed picture with strong potential 

confounding by socio-economic position.[135] The association between commute time and 

wellbeing outcomes also differed by commute mode, for example, among bus commuters, long 

commute times were more strongly associated with reduced job satisfaction and mental health than 

among commuters using other modes, while long rail commutes were associated with lower strain 

than shorter rail commutes.[135] In this thesis socio-economic position was used as an umbrella 

term for several measures of its constituent dimensions, in addition to composite measures of social 

deprivation. This was in part to enable the use of consistent terminology when referring to the 

differing variables which were available in the different datasets used in this thesis. Although 

different dimensions of socio-economic position, such as occupational class, status and material 

circumstances may differ in their health associations, further investigation of these differences was 

not within the scope of this thesis.[369] 
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Switching from private car to public transport use is associated with a reduction in the emission of 

atmospheric pollutants, subsequent improvement to air quality would lead to gains for population 

health.[370, 371] In addition to these population benefits, a literature review found that individuals 

travelling by car in Europe were most consistently exposed to higher levels of pollutants (particulate 

matter of size less than 2.5μm , black carbon , ultrafine particles of size less than 0.1μm and carbon 

monoxide) than users of other modes.[121] Those who walk appear to have the lowest exposure to 

pollutants, with cyclist and bus users between these two.[121] Conversely, research from the USA 

found that driving was associated with lower levels of exposure to particulate matter of less than 

2.5μm than users of other modes, suggesting that context may be an important factor and that 

further investigation is necessary.[360] Although wellbeing and air pollution resulting from travel 

mode choice may contribute to some of the findings of Chapter 9, specifically the mortality and 

cancer outcomes, more detailed examination of these associations is outside the scope of this thesis. 

Transport was responsible for 27% of UK greenhouse gas emission in 2017 having remained stable 

since 2016, and having fallen only 2% since 1990.[372] This compares with the energy and 

agriculture sectors which have reduced emission by 60% and 16% respectively since 1990.[372] As 

such, the proportion of UK greenhouse gas emission from the transport sector are growing.[372] 

Climate change is estimated to cause 250,000 deaths per year between 2030 and 2050 due to causes 

from undernutrition and heat exposure.[127-129] Public transport use leads to lower greenhouse 

gas emissions per mile travelled than car use, and therefore a population shift from car use to public 

transport use would lead to reduced reduce greenhouse gas emissions, even without improvement 

to vehicle efficiency.[125, 373] 

Another mechanism through which public transport use can impact health is through road traffic 

collisions, which are a significant global cause of death, with over 1.3 million deaths in 2015.[130] A 

study comparing modes in the USA showed that fatalities per billion miles 2000-2009 were 7.28 for 
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drivers or passengers of a car or light truck.[131] This compared with 0.43 fatalities per billion 

passenger miles on a train, 0.24 on a light-rail system and 0.11 as a passenger on a bus [131], with 

similar statistics available for the UK.[374] The substantially lower mortality rates in public transport 

users compared with car use indicates further population health benefits from substitution of car 

journeys with public transport journeys. 

Another mechanism through which public transport might influence health are through noise 

pollution. However, the effects of traffic noise are difficult to separate from other exposures, such as 

air pollution, therefore definitive conclusions are difficult.[375] However, noise is known to 

adversely affect cardiovascular health and therefore this remains an understudied mechanism 

through which transport affects health.[375, 376]  

Chapters 7 and 8 investigated physical activity as a result of public transport use, rather than specific 

markers of disease status. However, low physical activity has established associations with increased 

risk of several important health outcomes, including a strong association with mortality.[152, 153, 

219] In addition, the examination of the free bus pass in Chapter 8 used bus use as an outcome, 

which was itself then examined as an exposure, with respect to physical activity, mortality and 

cancer outcomes. The use of intermediate outcomes has limitations, such as unobserved factors 

influencing the association between the exposure and the ultimate outcomes and the influence of 

compensatory processes, such as reducing other physical activity or increasing calorific intake in 

response to increased active travel. However, this is a common approach where data shortcomings 

do not allow a single data source to be used to examine each step of a causal pathway. The 

systematic review in Chapter 5 revealed a scarcity of longitudinal evaluation of the association 

between public transport and cardio-metabolic outcomes, despite the growing evidence with 

intermediate outcomes. Following the identification of this gap in the literature, the analyses 
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presented in Chapter 10 were carried out, which evaluated commute mode with incident cancer and 

mortality outcomes. 

The use of different data sources in this thesis meant that very detailed data on journeys were 

available for the chapters using NTS but not those using the ONS-LS. Chapters using NTS data were 

able to examine each constituent stage of each journey, in addition to the overall journey. Analyses 

of ONS-LS data used usual commute mode as an exposure, this fails to capture journeys for other 

purposes and journeys which use multiple modes, both within the same day or across different days. 

However, census data has seldom been employed to study transport mode and health, some 

analyses have been carried out but were limited to comparing 10-year relative risks and 

subsequently struggled for statistical power, they were also carried out before data from the 2011 

Census were available.[377] Analysing commute mode as the exposure allows for a focus on working 

age people, who constitute a large and important section of the population at 65% of all people in 

England and Wales [68] These also constitute an important group with respect to cardio-metabolic 

risk factors, with the proportion overweight or obese increasing through the life course before 

beginning to fall in older age, peaks are seen in ages 65-74 in men and 75-84 in women.[281] This 

occurs amidst a decline in physical activity in those aged 35 and above in both sexes.[144] Those of 

working age are therefore a critically important target to increase physical activity and reduce 

adiposity. Those of working age also incur indirect costs of ill-health, over and above direct health 

care costs, in the form of reduced employment productivity.[378] 

10.2.2 Data 

This thesis focused on routine data, which is not collected to answer specific research questions, 

unlike primary collected data, and therefore some potentially important confounding factors were 

omitted. NTS data was collected for transport purposes and the Census is conducted to plan service 
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provision, therefore neither contain any data on diet, smoking or other physical activity, such as 

going to the gym. Leisure-time physical activity is known to differ between users of different 

transport modes [181], however, there is also some research into the health effects of transport 

modes in which leisure physical activity has little impact.[172, 261] The cross-sectional nature of NTS 

data also meant that it was not possible to evaluate individual levels factors associated with changes 

in travel behaviour. The 10-year intervals between data collection in the ONS-LS led to uncertainty 

about the stability of measures over time and the exact timing of any changes. Alternative data 

which might have been used to address the questions of this thesis include UK Biobank, ELSA and 

UKHLS. The latter two of these studies have smaller sample sizes than those used in this thesis, 

which would have led to difficulty disaggregating users of buses and trains. In addition, the length of 

follow-up is smaller than in the ONS-LS, which would have potentially led to low statistical power for 

detecting differences between groups. UK Biobank is large dataset but it is not representative of the 

source population, exhibiting evidence of the healthy volunteer effect, where those who chose to 

participate are healthier than those who do not.[379] 

Self-reported walking, cycling and public transport use are measured in this thesis either by survey 

question or travel diary. While these methods can be employed at relatively low cost on large 

groups, there are some potential limitations, such as inaccurate recall, which might lead to recall 

bias if recall differs systematically between groups, e.g. if bus journeys were less well remembered 

than train journeys.[380] Social desirability bias may lead people to exaggerate active travel levels, if 

they perceive that this reflects well on them.[381] In addition, survey questions with numeric 

responses often cluster on round numbers, such as multiples of five or ten, this might affect 

estimates of journey duration or numbers of journeys.[382] Travel diary data has also been shown to 

underestimate the number of journeys, especially walking journeys, and to overestimate the length 

of recorded journeys.[204] 
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In recent years there has been an increasing effort to develop methods to objectively measure these 

behaviours, for example using pedometers, GPS, accelerometers and cameras. One example is the 

use of body worn cameras to more accurately record journeys, their mode and time taken.[204, 383] 

Although this method may not yet be useful in large scale studies, due to the time taken to analyse 

and interpret the pictures, it can be used to explore inaccuracies and biases in the existing diary 

data. Other methods have attempted to use GPS to measure travel behaviour, this can be used by 

studies of discrete infrastructure development, e.g. a new light-rail line or walkable neighbourhood, 

where the entry of participants into a circumscribed area can be used to designate them as users of 

the infrastructure.[188] The use of accelerometers to measure physical activity can address many of 

the limitations of self-reported measures but when physical activity is measured using both methods 

they provided differing estimates of physical activity levels.[211] The applicability of 

recommendations and health associations based on self-reported physical activity to levels 

measured objectively are not currently known. Methods have also been developed which use 

objective data from GPS and accelerometers with machine learning to develop an algorithm capable 

of predicting travel mode and destinations.[384, 385] The exact approach varies but can incorporate 

feedback and correction by participants to improve the prediction.[384] NTS in England conducted a 

consultation on introducing GPS data collection, which included a pilot of potential options but 

recommended retaining current data collection methods.[386] Increased technological innovation in 

data collection and processing presents opportunities for future studies of travel patterns and 

physical activity.  

Where possible the analyses in this thesis have differentiated between users of light-rail and users of 

trains. Light-rail was defined as London Underground, in addition to eight other urban rail systems 

across England (two of which are also in London – the Dockland Light Railway and London Tramlink). 

This was the only distinction made in the available data and comparisons between the users of train 

and light-rail did reveal some differences, which to some extent justifies the use of this 
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categorisation. However, urban and suburban train services are often comparable with light-rail in 

terms of distance, frequency and journey times, making the distinction less certain.[387] For 

example, a journey from East Didsbury, in the southern suburbs into central Manchester could be 

taken by Metrolink (light-rail) or the suburban train service. The absence of a clear distinction 

between urban and regional train services in England, which are often provided by the same 

operator, makes any other categorisation impossible. It is also worth noting however, that some 

people commute long distances by train and would regularly use regional or express services to 

access work, therefore the distinction would always be arbitrary.  

10.3 Comparison with existing literature 

10.3.1 Systematic review 

A change in BMI of -0.30kg/m2 (-0.47, -0.14) associated with initiating public transport is a modest 

but clinically relevant effect on adiposity. These are smaller adiposity changes than have been seen 

with walking, which was associated with a BMI change of -0.53 kg/m2 (-0.72, -0.35) in a systematic 

review of randomised controlled trials, although there was some evidence for publication bias in this 

analysis.[276] That walking was associated with greater adiposity benefits than public transport 

appears likely if public transport journeys contain less walking than walking journeys, which seems 

plausible. Walk commuting has also been found to be associated with a reduced risk of CVD and all-

cause mortality, in addition to incident and fatal cancer [174, 175, 178], which suggests that public 

transport use might also have associations with these outcomes, albeit weaker than those seen with 

walking. 
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10.3.2 Public transport use and physical activity 

Analyses of the travel patterns of England residents showed that 33% of the population used public 

transport at least once in the diary week, with 25% reporting some bus use in this period. Light-rail 

use was 7% and train use was 11%, with many individuals using multiple public transport modes. 

These figures are very similar to official figures released by the DfT calculated using the same NTS 

data.[43] Data on the characteristics of public transport users is concordant with findings elsewhere, 

in terms of ethnicity and differences between London and other areas of England.[47] However, 

data in this thesis are more detailed and give a greater understanding of the characteristics 

associated with public transport use as they are presented both unadjusted and mutually adjusted 

for selected potential confounders, such as population density and car access. 

The estimated 21 minutes per day of physical activity accumulated in the course of public transport 

journeys is the first estimate of its kind for England but is consonant with those from other 

countries. A wide range of minutes of physical activity were reported by a review of this association 

(7-33 minutes per day), although many studies were of small and selective populations.[184] An 

included study which examined public transport users in the USA found that they accumulated a 

median of 19 minutes per day, with little difference between bus and train users.[184, 248] The 

overall estimate is similar to the finding in this thesis, however, I found a substantial difference 

between the 28 minutes seen for train users and the 16 minutes seen with bus users.[248] This 

difference could be due to people being willing to walk further to reach a train station than a bus 

stop, which might be necessary, as train stations are generally less densely located than bus 

stops.[317, 318]  



Chapter 10 - Discussion 

 

198 
 

10.3.3 Free older person’s bus pass 

The findings that the free bus pass was associated with higher levels of bus and active travel is 

consistent with existing short-term evidence but adds evidence that these associations persist over 

the longer term. This indicates that the policy has maintained its associations, with little increase or 

decrease in association sizes seen. Therefore, although bus subsidies and mileage have reduced over 

the period since the free bus pass was introduced, take-up remains high and bus pass possession 

continues to be associated with active and bus travel.[24] This is consistent with previous research 

which found that the free bus pass was associated with greater bus use and greater active 

travel.[334, 388] Research using data from ELSA found that possession of a free bus pass was 

associated with higher bus use, lower adiposity and greater gait speed, with these findings more 

robust among women.[81, 82]  

In addition to higher bus use and active travel, some research has examined the wellbeing 

associations of the free bus pass, in line with the stated aim of the policy to guarantee financial 

security into older age and to alleviate social exclusion.[83, 84] 75% of bus pass holders reported 

that having a bus pass had increased their quality of life, with this higher among older bus pass 

holders.[389] Qualitative evaluation of bus pass holders has found that possession of a free bus pass 

eased feelings of social exclusion and encouraged a sense of belonging [86] and that when bus travel 

was free, older people used the bus as a social space.[389] Other researchers have found that 

possession of a free bus pass was associated with reduced depressive symptoms and feelings of 

loneliness among older adults, although no association was found with social isolation.[85]  

10.3.4 ONS-Longitudinal Study analyses of commute mode 

An official statistical release from the ONS using data from the 2011 England and Wales Census 

found that the share of commutes by different modes were similar to that found in this thesis.[272] 
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The official statistics show 64% commuted by sedentary modes, 16% by public transport and 14% by 

either walking or cycling, compared with the thesis findings of 66% by sedentary modes, 19% by 

public transport and 16% by walking or cycling.[272] Differences were likely to be because the 

official figures included those commuting by ‘other’ modes and those working from home, both of 

which were excluded from the analyses in this thesis. ONS data are also restricted to the 2011 

Census, whereas this thesis combined data from 1991, 2001 and 2011, based on which was the 

participant’s baseline year.[272]  

The analyses in this thesis were the first to examine public transport use specifically and mortality 

and cancer outcomes, therefore direct comparisons are not possible. Some studies using UK Biobank 

data have examined groups which included public transport users, in addition to users of other 

modes. The first of these examined mixed mode commuters, where mixed mode was categorised 

into those which included walking and those which included cycling.[181] This study found that 

mixed mode commuting which included cycling was associated with a reduced risk of all-cause 

mortality, cancer incidence and cancer mortality, while mixed mode commuting which included 

walking did not have any heath associations.[181] The second study grouped all non-car transport 

modes together and found that these were associated with reduced risk of fatal and incident 

CVD.[182] 

A meta-analysis of 18 prospective studies (14 walking studies and seven cycling studies) found that 

walking and cycling for any purpose was associated with an 11% and 10% reduction in all-cause 

mortality respectively, with the greatest benefits seen among those moving from little or no active 

transport, to some.[174] These associations differed from those of this thesis, being smaller than the 

20% lower risk seen in cycle commuters and larger than the statistically non-significant 3% lower risk 

seen in walk commuters. This might be because the meta-analysis calculated the risk associated with 

accumulating 11.25MET-hours per week of walking or cycling, a value selected to correspond to 
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global recommendation of 150 minutes per week of moderate intensity physical activity.[141] 

However, the median distances  for walk and cycle commuters in the 2011 ONS-LS, which was used 

in this thesis, were 0.8km and 2.9km respectively, which results in 8km of walking or 29km of cycling 

a week, based on two-way commuting five days-a-week. Assuming an average walk speed of 

4.8km/hour (3 miles/hour) and an average cycle speed of 17.7km/hour (11 miles/hour), walking 

commuters were likely to accumulate about 5.8MET-hours per week on average, while cycle 

commuters were likely accumulate 11.1MET-hours.[139, 319] This indicates that the meta-analysis 

assumed higher physical activity levels among walk commuters than seen in this analysis but about 

the same levels of physical activity among cycle commuters. 

A 2018 systematic review and meta-analyses by Dinu et al. examined the impact of walk and cycle 

commuting on a range of outcomes.[178] When examined separately, cycle commuting was 

associated with risk reductions of 24% for all-cause mortality, 46% for CVD incidence and a 25% for 

cancer mortality, with no associations seen with CVD mortality or breast cancer incidence.[178] 

Walk commuting was associated with a 27% reduction in risk of CVD incidence, with no association 

seen with all-cause and CVD mortality and incident and fatal cancer. In each case, Dinu et al. found 

greater risk reductions than seen in Chapter 9, however, this might be because many of their 

included studies categorised the minutes spent walking and cycling and compared the most active 

group with the least active group, ignoring the data from participants who were not at either 

extreme. This review also conducted analyses of a combined measure of walking and cycling 

commutes, which allowed the inclusion of those measuring walking and cycling separately, in 

addition to studies which examined only a combined measure. The combined measure was 

associated with an 8% reduction in all-cause mortality risk and a 9% reduction in CVD incidence risk, 

with no association seen with CVD morality, cancer mortality and breast cancer incidence.[178] 

These findings are broadly compatible with the findings of Chapter 9, given that they would be 

expected to be between the estimates for walk commuters and cycle commuters, which is the case 
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for most outcomes. Another meta-analysis by Hamer et al. examined commute mode, finding that a 

combined measure of walking and cycling was associated with an 11% reduced risk of CVD (fatal and 

non-fatal), with these finding stronger among women than men.[171] Again this sits between the 

findings in this chapter for walk commuters and those for cycle commuters when examining CVD 

mortality. A final systematic review by Oja et al. found that cycle commuting was associated with 

reduced risk of incident and fatal cancer, although meta-analyses were not conducted.[179] 

10.4 Implications 

Transport is an important social determinant of health in its own right and has impacts on other 

determinants.[336] This includes transport’s importance for maintaining social networks and for 

accessing healthcare, the loss of which are important contributors to health inequalities.[227, 336] 

In this context, it is understandable that transport has a prominent role in the Sustainable 

Development Goals (SDGs), number 11 of which aims to ‘create safe, inclusive, resilient and 

sustainable cities, including through affordable, accessible and expanded public transport 

systems’.[55] Public transport’s potential contribution to improving air quality, reducing carbon 

emissions, and facilitating economic activity through reduced congestion and improved connectivity, 

addresses several other SDGs.[55, 72, 390] 

Policies promoting public transport may also have physical activity benefits as a result of walking and 

cycling to access public transport. This may be particularly important to those for whom walking or 

cycling an entire journey is not possible and those who may not participate in sport or other leisure 

time physical activity. This is because those who benefit greatest from increasing physical activity are 

those who are most sedentary in society, when they move from doing little or no physical activity to 

doing some.[153, 154] Although transport is only one domain of physical activity, people that 

participate in active travel often accumulate greater levels of total physical activity than those using 
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sedentary transport modes.[171, 277, 337, 391] In England levels of active travel of been decreasing 

for at least the last 20 years, which is seen in trends over times in Chapter 8.[17, 147] 

When examining the health impacts of transport physical activity, it is important to consider any 

impact this might have on other physical activity domains, including leisure physical activity. For 

example, any benefits from walking as part of transport might be negated if an individual then does 

not visit the gym. There is some evidence from a meta-analysis of research into the effects of new 

public transport infrastructure which suggests that increases in transport physical activity are more 

than compensated for by reductions in total physical activity.[194, 196] However, the included 

studies had varied findings, indicating that this might be a context specific phenomenon. Other 

evidence also indicates that objective measures of physical activity are lower among public transport 

users than car users.[392] However, there is also observational evidence that suggests that 

increased transport walking is associated with an increase in total physical activity, i.e. the increases 

in physical activity are not compensated for with reduction in other physical activity.[277, 391, 393] 

Indeed some evidence indicates that moving to less active travel modes is associated with reduced 

leisure physical activity.[180] It is also the case that the cardiovascular health benefits of active 

travel are independent of other domains of physical activity.[171] Indeed, the findings of Chapter 5 

that initiating public transport use was associated with reduced adiposity would indicate that 

transport physical activity changes were not cancelled out. It is important that further research is 

directed at the impacts of public transport and active travel more generally on other domains of 

physical activity and total physical activity. The use of objective physical activity measurement is 

important here as there is a suggestion that these are discordant with self-reported findings.[392] If 

there are attributes of transport interventions which lead to reduced compensation, this would be 

important for policy makers to plan future interventions. 
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The amount of physical activity accumulated by public transport users is comparable with the levels 

achieved by existing physical activity interventions. A 2001 meta-analysis compared interventions to 

increase physical activity among healthy adults, including exercise prescription and mass media 

campaigns, and found a mean increase of 15 minutes a week.[394] A separate systematic review, 

looking specifically at interventions to increase walking for transport, found that the most effective 

intervention led to a 10 minutes a day increase.[235, 237] This was a workplace intervention 

involving an information booklet and some tailored advice.[237] Transport policies are promoted as 

an important way to scale up physical activity but there is limited evidence for the effectiveness of 

using transport systems to increase physical activity.[395, 396] Some research comes from the 

evaluation of a new guided busway in Cambridgeshire.[397] The busway is separate from the 

existing road network and has an accompanying path for pedestrians and cyclists. Living in close 

proximity to the new busway was associated with an increase in active commuting.[397] It is not 

clear, however, how much of this was associated with the public transport and how much was 

associated with the adjacent segregated path.  

New public transport infrastructure is often associated with the redevelopment of the surrounding 

area. This was the case with the construction of light-rail infrastructure alongside new walkable 

streets in the US, which was associated with an increase of four minutes of objectively measured 

MVPA.[188, 398] It is uncertain whether the modest effect size reflects a small impact or whether it 

was due to the restriction to MVPA, rather than self-reported walking. Improving the wider built 

environment during public transport construction makes evaluating the impacts of public transport 

in isolation problematic. However, the potential synergies between different aspects of a 

development might make disentangling these effects undesirable. 

Chapter 5 of this thesis found that initiating public transport use was associated with a reduction in 

BMI of 0.30kg/m2. Although this is a fairly modest reduction in adiposity, it translates to a mean 
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weight loss of 0.9kg in men and 0.8kg in women in the population of England.[279] This would be a 

clinically significant reduction in adiposity and is comparable with, or greater than, that seen with 

many individually focused interventions.[280, 281] Reducing BMI is beneficial to the health of all but 

the most underweight (which comprise a very small proportion of the population in high-income 

countries like the UK), a small reduction in BMI in a large number of individuals would therefore lead 

to a large reduction in population risk of several important causes of morbidity and mortality.[241, 

399, 400] 

The patterning of public transport use means that policy which affects the use or availability of 

public transport will have socio-economic implications and indeed, the absence of any intervention 

should also be seen to have implications. Rail spending comprised £13.7bn of the total transport 

spending of £23bn in 2017/18, while being responsible for 3% of journeys and 10% of total distance 

travelled.[12, 13] Total government spending on buses is more difficult to calculate as road building 

and maintenance is of benefit to all road traffic, including buses but also cars. However, buses are 

likely to attract only a small share of the remaining transport spend and it is likely that this fraction is 

shrinking due to substantial cuts to bus subsidies in England since 2010.[401] These cuts have seen a 

substantial reduction in the number of local authority subsidised bus miles, accompanied by a very 

slight increase in commercial bus miles.[24] Bus travel is responsible for 7% of total journeys and 5% 

of total distance, more than double the number of journeys as train travel, but half the distance.[12, 

13] 

A substantial proportion of rail spending in recent years in England has been directed towards large 

capital investment programmes primarily, Crossrail, an East-West metro line across London, and 

High Speed 2, a new intercity rail connection between London and some Northern cities via 

Birmingham.[56] It is possible that new and future rail infrastructure will attract a less socio-

economically advantaged ridership than existing train services, however, even if this is not the case, 
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if they are successful in displacing car journeys this might be advantageous for all, due to reduced 

congestion, carbon emissions and pollution which would result.[126, 370] Car use currently consists 

64% of journeys and 78% of total distance travelled in England and is more likely among the most 

socio-economically advantaged and least likely among the more socio-economically 

disadvantaged.[12, 13, 52] By displacing car journeys, increased rail use may contribute to a built 

environment which is more navigable on foot, facilitating the use of local buses.[402] However, for 

this to be possible, there needs to be a dense and efficient bus network for people to make use of, 

this requires buses to receive an equitable share of transport budgets.  

By improving the accessibility, affordability and availability of public transport, transport policy could 

be used to encourage public transport use.[403, 404] Public transport use in England has been 

shown to be greater in areas with better provision of public transport, such as London.[14] 

Increasing the proportion of the population who travel by public transport, and the number who 

meet physical activity recommendations through this public transport travel, will require input from 

city planning and transport professionals. For people to switch from car to public transport use, 

having an available alternative is important, although this is unlikely to be sufficient to change the 

behaviour of all car users.[405, 406] Accessible public transport systems are proposed as a key 

intervention to improve health through city planning, yielding benefits due to physical activity, air 

and noise pollution.[407] Current guidelines in the UK are in line with these recommendations, 

suggesting that physical activity can be incorporated into long journeys by encouraging public 

transport use, especially where it occurs in conjunction with active forms of travel.[408-412]  

Research on financial incentives for using public transport have shown some evidence of efficacy, 

although there is some uncertainty about whether this is at the expense of car travel, walking or 

cycling.[403] A systematic review of financial incentive to promote active travel found that while 

they might have the potential to play a greater role in increasing active travel, there is a need for 
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more higher quality studies, with better controls.[403] In addition to two studies of free bus passes 

which have been discussed above, the review included two additional studies which examined public 

transport subsidies. One study of recent migrants to the Stuttgart area of Germany found that those 

receiving the intervention of travel advice and a small financial incentive (a one-day free ticket) had 

greater public transport use at follow-up, approximately 12 weeks after the move.[413] The other 

study, looking at an employer sponsored transit pass, found it to be associated with meeting physical 

activity recommendations, although differences between those who received the pass and those 

that did not might explain some of these differences.[414]  

In 2050, a predicted 66% of the global population are expected to live in urban areas, in Europe this 

is predicted to be 80% by 2030 [415, 416], therefore planning public transport systems to 

accommodate this trend is essential.[417] When conurbations grow through unplanned urban 

sprawl, this can result in unhealthy and environmentally damaging conditions.[418, 419] Urban 

sprawl can lead to journeys which are too long to be walked or cycled but by improving urban design 

to include high density, mixed development with rapid, efficient and well planned public transport 

systems, more sustainable transport can be facilitated.[420]  

With complex multi-causal problems such as obesity related ill-health, single interventions are likely 

to be insufficient, what is necessary is the reshaping of interconnected factors by addressing 

multiple inputs.[421] This is consistent with a population approach in which small changes for the 

individual are accumulated across the population and result in large population health 

improvements.[241] The accumulation of these kind of small changes which act at a population level 

may be more effective at achieving sustained behaviour change in populations than by attempting to 

affect large changes in diet and energy expenditure in targeted individuals.[422]  
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In addition to promoting public transport use, additional inputs which might be addressed include 

those which disincentivise car use in order to encourage more active modes. An example of this kind 

of intervention is a levy on workplace car parking spaces, such as the one introduced by Nottingham 

City Council in 2012.[423, 424] Evaluation of this policy found that the levy reduced congestion and 

that this occurred through two mechanisms, employers reduced parking space availability to reduce 

their liability and they also passed the charge on to employees, which disincentivised car 

commuting. Rather that charging for parking, the Greater London Authority levies a congestion 

charges on drivers who enter an area central London. This policy was implemented in 2003 and led 

to a substantial reduction in congestion in the designated zone.[423-425] However, if attempts at 

behaviour change are seen as an attack on car drivers and on the autonomy they experience in car 

use, they may resist change and oppose any such interventions.[426, 427] 

10.5 Inequalities 

Health inequalities are a recognised problem in public policy and despite several high profile reports 

on their extent and impact, they appear to be widening.[227-229, 428] To address this, it has been 

suggested that all proposed policies should have their potential impact on health inequalities 

evaluated, regardless of whether the aim of the policy is health related or directed at other sectors, 

e.g., housing or transport.[227, 228] Policies which lead to a uniform improvement in risk exposure 

across the population are likely to reduce absolute health inequalities, although not necessarily 

relative inequalities.[238] In order to reduce relative inequality, in addition to absolute inequality, 

policies should disproportionately improve the risk exposure among those who suffer higher risk, 

such as the socio-economically disadvantaged.[238] 

Encouraging public transport use among those who do not participate in exercise or sport may be an 

effective way to target the most sedentary in society who would benefit most from increasing their 
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physical activity.[153] Women in England are less likely to meet physical activity recommendations 

than men, 2016 estimates suggest that 66% of men and 58% of women are physically inactive.[144] 

This thesis also found that women were more likely to use public transport in the diary week than 

men and that this was driven predominantly by bus use.  

Some minority ethnic groups also have lower physical activity levels than the general population. In 

England, women of all minority ethnicities and men of South Asian ethnicity are less likely to be 

physically active, taking into account leisure-time exercise, domestic tasks and walking.[223, 224] 

The General Household Survey found that participation in sport, games or physical activity is lower in 

some minority ethnic groups, including Black African, Black Caribbean, Indian and Pakistani 

groups.[225] Again the analyses in this thesis show that public transport use is already relatively 

common in some minority ethnic groups, for example those of Black ethnicities, with these 

differences driven primarily by bus use. Some of the ethnic differences presented in this thesis are 

related to the geospatial patterning of ethnic minorities within England and how this relates to 

public transport provision. Minority ethnic groups are more prevalent in large cities, and especially 

London. It is these larger municipalities, which are more population dense and have better provision 

of public transport services. However, it remains the case that minority ethnic groups have poorer 

health outcomes than Whites and if public transport policy can be used to address these 

inequalities, it should be considered an important option.[93] 

Available data also finds that physical activity is heavily patterned across socio-economic position, 

data from 2012 show that the proportion of adults in England meeting physical activity guidelines is 

lower in households with lower income. It falls from 76% in men and 63% of women in the highest 

income quintile, to 55% of men and 47% of women in the lowest income quintile.[234] Chapter 6 

showed that lower income and household occupation status were associated with greater public 

transport use, although this was influenced by other factors, while bus use specifically was more 
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common among the less socio-economically advantaged after accounting for other factors. If 

encouraging bus use has a disproportionate effect on these groups, this is likely to have an inequality 

reducing effect. 

The relationship between different modes of transport and their users is linked with the areas in 

which different groups are likely to reside. Bus journeys in England are typically used for short 

distances, with most buses stopping regularly, which makes long distance travel slow.[26, 53] 

Distances travelled to work are greater among those who earn larger salaries, compared with lower 

earners, with trade-offs seen between financial rewards and satisfaction, which in part drives the 

socio-economic differences.[135] There are also differences between the types of areas which are 

generally served by different modes, for example, train use has a relatively greater use in urban 

fringe or suburban areas, while buses are more commonly found in higher density, inner-city areas, 

with light-rail sitting between these two.[14, 295, 296] The residents of the suburbs tend to be more 

socio-economically advantaged than the traditionally less affluent inner city areas, therefore some 

of the difference in mode use is geospatial in nature.[297, 298]  

The ethnic differences found in Chapter 8 may have been partially driven by the geospatial 

distribution of ethnic groups in England, with the majority of the ethnic minority participants living in 

more densely populated areas which are likely to be better served by public transport.[14, 295, 296] 

While the extent of this is not known, available data does suggest that provision of services may be 

behind any health inequality reducing effects seen. Alongside enabling increased access to services 

and social networks, policies promoting active forms of travel may confer physical health benefits 

from increasing levels of transport-associated physical activity. While active travel constitutes just 

one domain of total physical activity, evidence suggests that those who use active travel modes have 

higher levels of total physical activity than those who do not [171, 277, 337, 391]. 
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Universal benefits are those which are not based on financial means and are thus available to all, 

irrespective of wealth or ability to pay. The free bus pass examined in Chapter 8 is universal in this 

sense, although it is restricted on the basis of age; all persons who meet the age requirement are 

entitled to a free bus pass. When considering potential changes to existing free bus pass provision, a 

policy review by the Northern Ireland Assembly concluded that reducing provision was liable to have 

a negative impact on social exclusion.[429] The government has recently amended legislation to 

enable the bus pass to continue in its current form for the foreseeable future and remain a universal 

benefit.[79] This is despite calls to remove or means-test the free bus pass in order to target benefits 

at those in greatest need.[65] Take-up of entitlements is often lower when applicants must prove 

their financial eligibility [91], with potential explanations including perceived ineligibility, difficulty in 

the application process and a reluctance to disclose financial information.[430] Reluctance to apply 

for means tested benefits disproportionately effects poorer older people, which might undermine 

efforts to target the most vulnerable with means testing.[91] Furthermore, there is evidence that 

some of the benefits seen in bus pass holders emanates from the very fact that it is a universal 

benefit, something that the holder had earned and which gives them a sense of belonging.[86]  

Encouraging bus use among an older population is in line with the WHO’s framework for Active 

Aging, which proposes increasing physical activity levels by targeting non-health actors.[431] Older 

people are an important target for interventions of this kind as many will eventually cease driving, 

through their own choice or otherwise. Driving cessation in an older population can lead to an 

inability to access essential services and pastimes, it is also associated with depression and declines 

in physical and social functioning.[432-436] Encouraging older people to use the bus before they 

cease driving can be helpful towards a gradual transition, which means that any negative 

perceptions associated with cessation are reduced and ensures ongoing mobility among those who 

would be otherwise unable to travel.[437, 438] 
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10.6 Unanswered questions and future research 

The systematic review presented in Chapter 5 found that there was very little research examining 

the association between public transport and cardio-metabolic outcomes other than adiposity. 

Chapter 9 has contributed to this by examining the association between public transport and all-

cause and CVD mortality, however, research is required using alternative data sources and 

examining other populations in different contexts. Additional cardio-metabolic outcomes which 

might be examined with respect to public transport include, type 2 diabetes and incident CVD, while 

hip fractures and emergency department attendances might give an indication of general health and 

mobility of older individuals. Potentially useful data for such research might be Hospital Episode 

Statistics (HES), which contains details of hospital visits, their causes and outcomes, alternatively, a 

source of primary care data in the UK is the Clinical Practice Research Datalink (CPRD) which is likely 

to have better data for chronic outcomes, such as type 2 diabetes. These could potentially provide 

detailed outcomes data, however, they would need to be linked to a suitable exposure data source, 

which to my knowledge has not yet been carried out. 

Greater evaluation of the physical activity and health benefits of new infrastructure is required in 

order to establish what impacts can be expected and how these can be optimised. GIS data captures 

a measure of access to public transport and offers an important potential avenue of future research. 

The impact of different measures of public transport access should be evaluated, for example, 

density of public transport stops, distance to public transport stops and number of different modes 

available. The distances people are willing to travel to access public transport is also poorly 

understood and is known to differ by mode, therefore the distances over which public transport 

accessibility are studied might have substantial impact.[317] In addition to the finding on the 

associations of bus use, the systematic review also indicated the need for greater study of the 

association between bus stop proximity and adiposity. The two currently available studies have 
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discordant finding which might be attributable to several differences between the studies, for 

example, one was conducted in China and one in the USA. Additional research from these, and other 

contexts, are required to establish the importance of this exposure and the causes of the differences 

seen in the currently available data. 

More generally, the health impacts of physical activity are still an area of research which requires 

greater study. The current recommendations of 150 minutes of MVPA per week is somewhat 

arbitrary.[311] There is a large body of evidence for a health benefit associated with this level of 

physical activity, however, it is uncertain whether this is the ideal level for health benefits, for 

example compared with 140 or 160 minutes.[310, 311] Evidence reviews to inform updating physical 

activity recommendations concede that 150 minutes remains justified because of a lack of evidence 

for an alternative, rather than due to strong evidence that it is the most suitable.[310, 311] 

Additionally, many existing physical activity recommendations suggest that physical activity should 

be accumulated in bouts of at least 10 minutes.[140, 141] Evidence from studies using 

accelerometers, which are more able to accurately capture short durations of physical activity, have 

shown that short bouts of physical activity carry equivalent benefits to that seen with longer 

bouts.[311, 314, 439, 440] In light of this, future changes to recommendations are likely to consider 

removing the restriction to bouts of 10 minutes or more.[310, 311]  

Qualitative research could compliment the quantitative findings of this thesis, for example, by 

exploring what leads to changes in travel behaviour and what factors contribute to preventing 

behaviour change. Although research into users of different modes gives insight into mode choices, 

further exploration of attitudes to new infrastructure should be considered when evaluating new 

public transport and active travel interventions.[426, 427] Research of this kind could enable future 

interventions to be tailored to maximise their impact on travel behaviours. Qualitative data from 

older people could add to existing research on the free bus pass [134, 389], providing vital 
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contextual data on the changing impacts of free bus pass, for example, the impact of the changing 

age of eligibility and how cuts to bus services might effects attitudes to the policy. 

Increasing numbers of people in England report working from home, between 1998 and 2014 the 

number increased from 2.9 million to 4.2 million, an increase from 11.1% of workers to 13.9%.[441] 

Working from home is more common among those in more highly skilled occupations, which is 

reflected in higher earnings reported by those that work from home compared with workers who 

did not.[441] Those that work from home will not be accumulating any active travel during 

commutes, perhaps being even more sedentary than car commuters. However, working from home 

potentially frees time up for activities which have health benefits, for example, going to the gym, it 

also allows home-workers to avoid certain downsides to commuting, including delays, traffic jams 

and bad weather. Further research is required to investigate these effects further, although this falls 

outwith the scope of this thesis. 

The most effective strategies to encourage public transport use are not fully understood and 

additional research is required to identify these. A greater understanding of the way financial 

incentives could be used to encourage public transport is needed if this approach is to be applied to 

alternative groups or settings. Longitudinal evidence of the active travel impact of the bus pass 

would be valuable, in addition it might be possible to evaluate discounted rail travel. Railcards 

entitle holders to a one-third discount on rail travel in Great Britain and are available for several 

groups, including younger and older people, the forerunner of the current 18-25 Railcard was 

initially released in 1974.[442] An examination of whether reducing the cost of train travel is 

effective at increasing its use and whether this has any implications for the active travel of those 

who take-up railcards would be an interesting adjunct to the existing findings for bus travel. 

Additionally, if local authorities were encouraged to implement local policies to incentivise public 

transport use, these could be evaluated to establish a wider evidence base for incentives to change 
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transport behaviour and their health impacts. Current guidance suggests that priority should be 

given to pedestrian, cyclists and public transport users when local authorities consider transport and 

built environment issues.[408, 443, 444] In addition to reducing the financial barriers to public 

transport use, improving the efficiency of public transport has been shown to increase use.[53] 

Transport for London report that reductions in bus use are highly responsive to reductions in 

average bus speed, in the short term at least.[53] To this end, providing efficient timely public 

transport with minimal cost to the individual might be expected to deliver increases in public 

transport use. Especially if combined with a model of road user charging which disincentivises car 

use by increasing the marginal cost of car journeys.[403]   

Further research is required to evaluate the health impacts of new technologies across many 

sectors, many of which will involve changes to the way people travel. Perhaps the most obvious of 

these is the development of connected and autonomous vehicles, although the extent to which 

these will transform the transport network is contested.[114] Some predictions suggest fleets of 

autonomous vehicles will carry travellers to their destinations and remove the need for individually 

owned vehicles, while others propose a situation where vehicles are improved by the addition of 

autonomous features, but where human drivers are still required.[114] The potential health effects 

of autonomous vehicles should be considered during the development of the regulatory framework 

in which they will operate, and once this has been finalised, robust evaluation will be necessary to 

establish the health impacts. The large growth in the use of ride-hailing apps seen in some urban 

areas in recent years could have profound impacts on travel behaviour and it is important that this is 

studied, both with traditional methods such as travel surveys but also potentially using data from 

the firms providing these services. Although it might appear that ride-hailing apps would compete 

with public transport, there is at least some evidence that they work synergistically with public 

transport and facilitate multimodal journeys.[445]  
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10.7 Conclusion 

This thesis has found that public transport use is more common among those of minority ethnicity 

and the socio-economically disadvantaged, compared with White people and the more socio-

economically advantaged. Public transport use is associated with physically active behaviour and 

public transport users benefit from improved health in the form of reduced adiposity and lower risk 

of cancer incidence. Given the health effects seen among public transport users and the findings that 

public transport use is more common among some potentially vulnerable groups, encouraging public 

transport use in order to improve health and reduce inequalities might be an effective and equitable 

health improvement strategy. 
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Appendix A – Table and Figures 

Appendix Table A-1: Search terms used in Medline (Ovid) 

Travel Term 

1. exp railroads/ 

2. ((Public adj transport*) OR commute OR commuting OR bus OR buses OR coach OR coaches OR 

train OR trains OR rail OR subway* OR metro OR tram OR trams OR underground OR (public adj 

transit) OR (mass adj transit) OR (active adj travel) OR (active adj transport)).mp  

3. 1 or2 

Outcome Terms 

Diabetes 

4. exp Diabetes Mellitus, Type 2/ 

5. (MODY or NIDDM or T2D*).mp. 

6. (non insulin* depend* or noninsulin* depend* or noninsulin?depend* or non 

insulin?depend*).mp. 

7. ((typ? 2 or typ? II or typ?2 or typ?II) adj2 diabet*).mp.   

8. ((late or adult* or matur* or slow or stabl*) adj2 onset adj2 diabet*).mp. 

9. or/4-8  

10. exp Diabetes Insipidus/ 

11. diabet* insipidus.mp. 

12. 10 or 11  (combines the two diabetes insipidus) 

13. 9 not 12  (search for diabetes terms, not the insipidus terms) 

Dysglycaemia 

14. exp glucose intolerance/ or exp insulin resistance/ or exp blood glucose 

15. ((glucose adj intoleran*) or (insulin adj resistan*) or (blood adj glucose) or (plasma adj glucose) 

or (metabolic adj syndrome) or glyc?emia).mp. 

16. 14 or 15 

Dyslipidemias 

17. Exp dyslipidemias/ or exp triglycerides/ or exp cholesterol/ or exp lipoproteins/ 

18. (dyslipid?aemia* or tr?glyceride* or cholesterol* or hdl* or ldl* or lipoprotein* hyperlipid* or 

hyperlip?emia* or hypercholesterol* or hypercholester?emia* or hyperlipoprotein?emia* or 

hypertrigl?cerid?emia*).mp. 
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19. 20 or 21 

Obesity 

20. exp Obesity/ or exp overweight/ or exp body mass index/ or exp waist-hip ratio/ or exp Waist-

height ratio/ or exp Waist circumference/ or exp Adipose tissue/ 

21. (obesity or overweight or (body adj mass adj index) or bmi or (body adj fat) or adiposity or 

(body adj weight)).mp 

22. 20 or 21 

Hypertension 

23. exp Hypertension/ or exp Blood Pressure/  

24. exp Hypertension/ or exp Blood Pressure/  

25. ((blood adj pressure) or hypertens$).mp.  

26. 23 or 24 or 25 

Cardiovascular disease 

27. cardiovascular diseases/ or exp heart diseases/ or exp vascular diseases/ 

28. cerebrovascular disorders/ or exp brain ischemia/ or exp carotid artery diseases/ or exp 

dementia, vascular/ or exp intracranial arterial diseases/ or exp "intracranial embolism and 

thrombosis"/ or exp intracranial hemorrhages/ or exp stroke/ 

29. (coronar$ adj2 (disease$ or event$)).mp. 

30. (cerebrovasc$ or cardiovasc$ or angina$ or stroke or strokes).mp. 

31. (myocardi$ adj2 (infarct$ or ischaemi$ or ischemi$)).mp. 

32. (morbid$ adj3 (heart$ or coronar$ or ischaem$ or ischem$ or myocard$)).mp. 

33. (vascular$ adj2 (peripheral$ or disease$)).mp. 

34. (heart$ adj2 (disease$ or attack$)).mp. 

35. 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 

Mortality  

36. Exp mortality/ 

37. (mortal* or death or fatal).mp 

38. 36 or 37 

39. 13 or 16 or 19 or 22 or 26 or 35 or 38  

40. 3 and 39  

41. limit 40 to (English language and humans)  
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Appendix Table A-2: Additional characteristics of included studies 

Author 
(Year) 

Exposure Comparator Outcome definition Sample selection 

Brown et al. 
(2008) 

Whether rode TRAX light-rail in the 2 weeks 
prior to being interviewed at time 1 and time 
2. Ridership groups: almost half the 
respondents were continuing riders (45.8%, n 
= 22; six had no car access) who reported 
riding TRAX in the previous two weeks at both 
Time 1 and Time 2. New riders were the 22.9% 
(n = 11; two had no car access) who reported 
riding TRAX only at Time 2, when the new, 
closer stop opened. A final 31.3% (n = 15; one 
had no car access) were classified as non-
riders. This last group, included two 
respondents who had ridden TRAX at Time 1 
but not at Time 2. Three respondents did not 
answer the TRAX ridership question. 

Direct comparison is 
not made but non-
rider obesity is 
presented alongside 
obesity among new 
and continuing riders. 

Objectively measured obesity. Portable 
stadiometers were used to measure height 
and scales to measure weight, and calculated 
body mass index (weight in kilograms divided 
by height in meters squared). Adult obesity is 
a BMI >30. 

Study notifications were to all residential 
addresses within one half mile of the new 
stop, then phoned or visited door-to-door to 
recruit individual participants and obtain 
signed consents, as many residents did not 
own phones. Someone answered the door at 
215 of the 496 potentially eligible addresses. 
From these, 102 participants were recruited, 
of whom 100 provided accelerometer data for 
the first measurement period (Time 1). During 
the second measurement period (Time 2): , 51 
of the 100 residents who had complete data at 
Time 1 were recruited to complete the survey; 
47 of these wore the accelerometer again. The 
remaining did not participate for a variety of 
reasons: 38 had moved, 1 was too ill, and 10 
refused to participate again. Eligible 
participants included adult Spanish- or English-
speakers in the study area who could walk a 
few blocks.  
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Brown et al. 
(2017) 

Any bus, light rail, or commuter rail trips, 
inside or outside the neighborhood, were 
included as transit travel; the city's light rail 
system was extended to the neighborhood in 
2013. Transit use across two years resulted in 
four groups: never, continuing, former, and 
new riders. 

Former and never 
users of public transit. 

Objective change in BMI. Heights and 
weights were measured using calibrated 
scales and portable stadiometers, with BMI 
defined as kg/m2 

Adults were recruited in an area up to 2 km 
north and south of the complete street 
renovation area. Eligible adults from randomly 
sampled blocks included those who could walk 
a few blocks, spoke English or Spanish, were 
not pregnant, anticipated remaining in the 
neighbourhood for a year, gave informed 
consent, and provided at least 3 days of ≥10 
h/day accelerometer wear along with GPS 
data.  
This study includes 536 adults with valid data 
who remained in the study in 2012 and 2013. 
There were 939 participants at time 1. By time 
2, 403 participants were lost to follow-up: 283 
participants moved, 77 did not have valid GPS 
data, 34 refused, and 9 became ineligible 

Chen et al. 
(2017) 

% of state workers commuting by public 
transportation (U.S. DOT State Transportation 
Statistics). Lagged 1 year. 

  1) % state adults whose Body Mass Index 
(BMI) scores are above 30 (self-reported) 
2) % state adults whose Body Mass Index 
(BMI) scores are between 25 and 29.9 (self-
reported) 
From the CDC data 

All 50 states of USA 

Flint et al. 
(2016) 

At both time points, participants were asked 
“what types of transport do you use to get to 
and from work?” and were able to select one 
or more mode This was used to derive two 
binary variables indicating whether the 
respondent had experienced one of the 
following transitions between baseline and 
repeat assessment: transition from car 
commuting to active or public transport 
commuting or transition from active or public 
transport to car commuting.  

Stable car users in 
change from car 
analysis 
Stable AT or PT users 
in change from AT or 
PT analysis 

Objective change in BMI between baseline 
and follow-up was the primary outcome for 
study objectives 2 and 3. 
Anthropometric measurements were taken 
by trained staff. Height and weight, was used 
to derive BMI via the standard formula. 
Change in BMI was calculated for each 
individual by subtracting BMI at baseline 
from BMI at follow-up. 

UK Biobank recruited adults aged 40–69 years 
to 22 regional assessment centres, via 
National Health Service (NHS) patient 
registers. The sample of individuals who were 
present at both baseline and follow-up was 
refined to include only participants with 
complete data for all analytic variables at both 
time points.  



Appendix A – Tables and Figures  

250 
 

Hirsch et al. 
(2014) 

Euclidean distance between participants’ 
addresses and the nearest bus route. Data 
were obtained from local planning 
departments, city governments, and regional 
entities. Neighborhoods were defined as a 
buffer around participants’ addresses. Primary 
results are reported for 1-mile buffers. 
Sensitivity analyses were run with 1/2-mile 
buffers; results were similar and are not 
presented. 

Those who had 
unchanged distance to 
bus stop 

Objective BMI (kg/m2) was calculated from 
weight measured to the nearest 0.045 kg 
(0.1 lbs), and height measured to the nearest 
0.1 cm. Time-varying WC (cm) was measured 
at the umbilicus to the nearest 1 cm. 

The sample included participants from the 
Multi-Ethnic Study of Atherosclerosis (MESA), 
a study of 6,814 US adults aged 45-84 years 
without clinical cardiovascular disease at 
baseline. Participants were recruited from six 
study sites (Baltimore, MD; Chicago, IL; 
Forsyth County, NC; Los Angeles, CA; New 
York, NY; and St. Paul, MN). After a baseline 
examination, participants attended four 
additional follow-up examinations occurring at 
approximately 1.5-2 year intervals. Of the 
6,814 participants recruited in MESA, 6,027 
were accurately geocoded, completed at least 
one subsequent exam, and were not missing 
information on obesity outcomes or built 
environment for the exams they attended. Of 
these, 521 were missing information on 
covariates (most missing information on total 
calories consumed), leaving a final sample size 
of 5,506. 
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MacDonald 
et al. (2010) 

Light-rail use was assessed during the follow-
up (exposure) [following light-rail 
construction] interview through a question 
that asked respondents if they used light-rail 
to commute to work on a daily basis. A 
dichotomous indicator was created 
representing whether or not the respondent 
used LRT to commute to work. 

Full time workers who 
did not use the LRT 
after it opened.  

BMI was calculated in kg/m2 using self-
reported height and weight. Respondents 
with a BMI≥30 were coded as obese. 

Data were collected on a sample of individuals 
living in Charlotte, NC near the site of the 
South Corridor Light Rail (LRT) line. Subjects 
were selected through phone sampling based 
on census tract addresses within a 1-mile 
radius of the LRT line before it started 
operating. The survey sample frame included 
household telephone numbers in the GENESYS 
database. A single adult member of each 
household was selected based on the 
individual with the most recent birthday. 
Approximately 839 adult household members 
were recruited to participate in a baseline 
survey before the opening (pre) of the LRT 
(45% response rate). A total of 498 
respondents (60%) were re-interviewed after 
the LRT system became operational (post). 
Only subjects who maintained continuous 
residency in the catchment area were re-
interviewed. The main observable cause of 
attrition from the baseline sample was for 
renters who moved out of the catchment 
area. The overall response rate at follow-up 
was 87%, with only 3% (n=20) refusals. 

Martin et al. 
(2015) 

Switching commute mode: Participants 
reported their usual main mode of travel to 
work at t0, t1 and t2. For each wave, 
participants were categorised as using active 
modes of travel (‘walking’ or ‘cycling’), public 
transport (‘bus/coach’, or rail: ‘train’ or 
‘underground/ metro’), or private motor 
transport (‘car or van’, ‘car/ van passenger’ or 
‘motorcycle’). Participants who reported using 
‘other’ modes of travel were excluded from 
analysis. 

Those who continued 
with the same private 
motor transport. 
Those who continued 
with the same PT 
mode 

Change in self-reported BMI between t0 and 
t2. BMI in each wave was calculated by 
dividing self-reported weight by the square 
of self-reported height. Where height 
differed between waves, baseline height was 
used.  

The BHPS is a nationally representative sample 
of households. Self-reported height and 
weight were in only two waves: t0, n=15 791 
and t2, n=15 392. Data from these two waves 
and an intermediate wave t1, were used in 
these analyses. The sample used in the 
analyses (n=4056) was selected from the 
original BHPS sample at t0 (n=15 791). 
Participants eligible for inclusion in the 
analyses were those aged over 18 years who 
reported socio-economic and health status 
characteristics and who reported their usual 
main mode of travel to work, height and 
weight at t0 and t2. 



Appendix A – Tables and Figures  

252 
 

Park et al. 
(2017) 

Proximity to LRT line. Different buffer zones 
used, 3, 5 and 10 miles. 

Residents of areas of 
Houston remote from 
the new LRT line. 
Outside the 10 miles 
buffer and a separate 
comparator was a 
Northwest region 
control area. 

Mortality data were obtained from the Texas 
Department of State Health Services Center 
for Health Statistics for 2002–2005. Data 
were extracted concerning the number of 
daily deaths due to stroke [World Health 
Organization’s International Classification of 
Diseases, 10th revision (ICD-10) code I60–
I69]. 

Mortality data were obtained and decedents 
whose residences at the time of death were 
near the LRT—whose information was 
extracted using the 3-, 5-, and 10-mile buffers 
surrounding the LRT— were selected as the 
LRT exposure group. 
Two control groups, unaffected by the 
intervention, the first of which was those 
whose residences at the time of death 
consisting of 67 census tracts that are distant 
from the LRT. The second group was those 
whose residences at the time of death were 
outside the 10-mile buffer area falling within 
Harris County.  

Sun et al 
(2017) 

Self-reported distance to the nearest bus stop 
(km) 

Those who had 
unchanged distance to 
bus stop 

Change in self-reported BMI: calculated by 
the height and weight respondents reported 

Twenty five provincial administrative units 
which account for 95% of the Chinese 
population (excluding Hong Kong, Macao and 
Taiwan) are covered by the survey sample of 
CFPS. Two periods of data which were 
gathered in 2010 and 2012, respectively are 
available. Since data on the built environment 
is from 2010, data for BMI and other variables 
come from 2012. This study focuses on the 
urban sub-sample. Deleting missing data, the 
sample for final analysis contains 8028 
individuals distributed among 259 sub-districts 
of 127 districts and counties. 

Webb et al. 
(2012) 

Data on usage of public transport have been 
collected at all four waves of ELSA. In the 2002 
and 2004 waves, the question ‘Do you use 
public transport. a lot, quite often, sometimes, 
rarely, or never?’ was used, and in the 2006 
and 2008 waves, the question was ‘How often 
do you use public transport. every day or 
nearly every day, two or three times a week, 
once a week, two or three times a month, 
once a month or less or, never’. To ensure 
comparability across waves, binary variables 
were created, classifying individuals into users 

Non-PT users Body mass index (BMI), waist circumference, 
and total and central obesity. The 2004 and 
2008 waves of ELSA included nurse visits to 
participants, from which measured height, 
weight and waist circumference are 
available, allowing BMI to be calculated for 
these years. Obesity was defined in two 
ways: as a BMI ≥30 kg/m2 and as a waist 
circumference of ≥102 cm among men and 
≥88 cm among women. 

Data were drawn from ELSA, a nationally 
representative sample of over 50s living in 
England. The sample originally drew >11 000 
people aged 50 years and older from the 1998, 
1999 and 2001 Health Surveys for England, 
who were surveyed in 2002, with three further 
waves of data collection in 2004, 2006 and 
2008. 
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and non-(never) users of public transport at 
each time point. 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Hone, T., Millett, C., and Laverty, A.A. Associations of public transport use with cardio-metabolic health: A 
systematic review and meta-analysis. American Journal of Epidemiology, 2019 (in press) by permission of Oxford University Press and John Hopkins Bloomberg School of Public Health. All 
rights reserved. 
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Appendix Table A-3: Newcastle-Ottawa quality assessment scale: cohort studies 

Note: A study can be awarded a maximum of one star for each numbered item within the 
Selection and Outcome categories. A maximum of two stars can be given for Comparability 

Selection 
1) Representativeness of the exposed cohort 

a) truly representative of the average ____Person____ (describe) in the community   
 BHPS & ELSA 
b) somewhat representative of the average ___Person___________ in the community  
 MESA & UK Biobank 
c) selected group of users eg nurses, volunteers 

Includes: those selected based on proximity to public transport and a study using only 
urban residents. 

d) no description of the derivation of the cohort 

2) Selection of the non exposed cohort 
a) drawn from the same community as the exposed cohort  
b) drawn from a different source 
c) no description of the derivation of the non exposed cohort  

3) Ascertainment of exposure 
a) secure record (eg surgical records)  
b) structured interview  
c) written self report 
d) no description 

4) Demonstration that outcome of interest was not present at start of study 
a) yes  
b) no 

Comparability 
1) Comparability of cohorts on the basis of the design or analysis 

a) study controls for _Physical activity__ (select the most important factor)  
b) study controls for any additional factor  
(This criteria could be modified to indicate specific control for a second important factor.) 

Outcome 
1) Assessment of outcome  

a) independent blind assessment  
b) record linkage  
c) self report  
d) no description 

2) Was follow-up long enough for outcomes to occur 
a) yes (select an adequate follow up period for outcome of interest) 6mo  
b) no 

3) Adequacy of follow up of cohorts 
a) complete follow up - all subjects accounted for   
b) subjects lost to follow up unlikely to introduce bias - small number lost - > _50_ % follow up, 

or description provided of those lost)  
c) follow up rate < 50% (select an adequate %) and no description of those lost 
d) no statement 
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Appendix Figure A-1: Forest plot showing change in BMI (kg/m2) associated with initiating public transport 
excluding MacDonald et al. 

 

* changed from public to sedentary transport, sign reversed to allow comparison 

The square surrounding the point estimates represent the weighting given within each analysis 
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Appendix Figure A-2: Forest plot showing change in BMI (kg/m2) associated with initiating public transport 
restricted to data from ititiators (exclusing ceasing public transport) 

 

The square surrounding the point estimates represent the weighting given within each analysis 
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Appendix Figure A-3 :Funnel plot of studies of change in public transport use and change in BMI 

 

* changed from public to sedentary transport 

Reproduced with permission of the rights holder. From Patterson, R., Webb, E., Hone, T., Millett, C., 

and Laverty, A.A. Associations of public transport use with cardio-metabolic health: A systematic 

review and meta-analysis. American Journal of Epidemiology, 2019 (in press) by permission of 

Oxford University Press and John Hopkins Bloomberg School of Public Health. All rights reserved. 
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Appendix Table A-4: A comparison of the characteristics of those public transport users who provided details of 
how they accessed public transport and were therefore included in the sample, and those that did not and were 
therefore excluded 

 Data on how public transport was accessed  
  Provided Not provided p-value 

All 3638  3820   
Public transport mode      
Bus 1723 47.4% 2884 75.5% <0.001 
Train 749 20.6% 348 9.1%  
Light-rail 350 9.6% 165 4.3%  
Multimode 816 22.4% 410 10.7%  
Gender        
Men 1704 46.8% 1599 41.9% <0.001 
Women 1934 53.2% 2221 58.1%  
Age        
17-25 758 20.8% 733 19.2% <0.001 
26-39 1051 28.9% 809 21.2%  
40-59 1027 28.2% 966 25.3%  
60+ 802 22.0% 1312 34.3%  
Ethnicity        
White 2863 78.8% 3096 81.0% 0.085 
South Asian 250 6.9% 220 5.8%  
Black 314 8.6% 300 7.9%  
Other 205 5.6% 204 5.3%   

Household NS-SEC - Social Class         

Managerial 2052 56.4% 1485 38.9% <0.001 
Intermediate  608 16.7% 734 19.2%  
Routine 741 20.4% 1314 34.4%  
Unclassified 237 6.5% 287 7.5%  
Household Income        
£50,000 and over 1251 34.4% 802 21.0% <0.001 
£25,000 to £49,999 1008 27.7% 1008 26.4%  
Less than £25,000 1379 37.9% 2010 52.6%  
Housing Tenure        
Owns 2170 59.7% 2078 54.6% <0.001 
Rents 1462 40.3% 1731 45.4%  
Household Car Access        
Access to a car 2139 58.8% 1984 51.9%  
No car access 1499 41.2% 1836 48.1%  
Population density*        
0-9.99 625 17.2% 690 18.1% <0.001 
10-24.99 629 17.3% 852 22.3%  
25-39.99 611 16.8% 816 21.4%  
40-74.99 1008 27.7% 976 25.5%  
75+ 765 21.0% 486 12.7%  
Conurbation Type        
London 1763 48.5% 1136 29.7% <0.001 
Metropolitan & >250k 803 22.1% 1324 34.7%  
50k-250k 499 13.7% 619 16.2%  
<50k 573 15.8% 741 19.4%  
NSSEC – National Statistics Socio-economic Classification 
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Appendix Table A-5: Ethnicity categorisation in the different years of National Travel Survey (NTS) data 
collection 

2006-10  N.  2011-14 N.   
Total  

2006-14 

White   White    
English/Welsh/Scottish/Northern Irish/British 13,506  White British 17,742   
Irish 191  Other white background 366   
Gypsy or Irish Traveller 1      
Any Other White background 224      

 13,922    18,108  32,030 

       

South Asian   South Asian    
Indian 202  Indian 157   
Pakistani 63  Pakistani 71   
Bangladeshi 38  Bangladeshi 26   

 303    254  557 

       

Black   Black    
African 53  African 41   
Caribbean 119  Caribbean 122   
Any other Black/African/Caribbean background 14  Any other black background 8   
White and Black African 4  White and Black African 5   
White and Black Caribbean 13  White and Black Caribbean 24   

 203    200  403 

       

Other   Other    
Chinese 22      
Arab 16  Chinese 28   
Any other Asian background 62  Any other Asian background 65   
White and Asian 8  White and Asian 13   
Any other Mixed/multiple ethnic background 9  Any other mixed background 9   
Any other ethnic group 63  Any other 59   

 180    174  354 

       
 TOTAL 14,608    18,736  33,344 

 

  



Appendix A – Tables and Figures  

261 
 

Appendix Table A-6: Ethnicity categorisation in the different years of National Travel Survey (NTS)  data 
collection for sensitivity analysis 

2006-10 N  2011-14 N  

Total  
2006-14 

White   White    
English/Welsh/Scottish/Northern Irish/British 13,506      
Irish 191      
Gypsy or Irish Traveller 1  White British 17,742   
Any Other White background 224  Other white background 366   

 13,922    18,108  32,030 

       

Indian   Indian    
Indian 202  Indian 157   

 202    157  359 

       

Pakistani/ Bangladeshi   Pakistani/ Bangladeshi    
Pakistani 63  Pakistani 71   
Bangladeshi 38  Bangladeshi 26   

 101    97  198 

       

Black Caribbean   Black Caribbean    
Caribbean 119  Caribbean 122   
White and Black Caribbean 13  White and Black Caribbean 24   

 132    146  278 

       

Other   Other    
       

African 53      
Any other Black/African/Caribbean background 14  African 41   
White and Black African 4  Any other black background 8   
Chinese 22  White and Black African 5   
Arab 16  Chinese 28   
Any other Asian background 62  Any other Asian background 65   
White and Asian 8  White and Asian 13   
Any other Mixed/multiple ethnic background 9  Any other mixed background 9   
Any other ethnic group 63  Any other 59   

 251    228  479 

       
 TOTAL 14,608    18,736  33,344 
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Appendix Table A-7: Characteristics of NTS participants from 2006 to 2014 who were eligible for a free older 
peoples bus pass (aged 60-90) by ethnic group 

 White Indian 
Pakistani & 
Bangladeshi 

Black 
Caribbean Other 

p-
valuea All 

  N. / % N. / % N. / % N. / % N. / %   N. / % 

All participants 32 030 359 198 278 354  33 219 

Mean age 71.0 69.2 69.5 71.2 69.0  71.0 
Age group        

    60-64 25.1% 29.5% 24.7% 20.1% 33.3% p<0.001 25.2% 

    65-69 24.3% 27.6% 31.8% 28.4% 27.1%  24.4% 

    70-75 19.3% 20.3% 23.2% 20.5% 20.1%  19.3% 

    75+ 31.4% 22.6% 20.2% 30.9% 19.5%  31.1% 

Sex        

    Men 47.1% 50.7% 54.5% 46.0% 49.2% p=0.138 47.2% 

    Women 52.9% 49.3% 45.5% 54.0% 50.8%  52.8% 

Geographical area        

    London 11.5% 56.5% 40.4% 52.5% 59.3% p<0.001 13.0% 
    >250k people (except 
London) 25.7% 26.7% 37.9% 34.2% 13.3%  25.7% 

    50k-250k people 19.8% 8.4% 15.2% 7.6% 16.9%  19.5% 

    <50k people 43.0% 8.4% 6.6% 5.8% 10.5%  41.7% 

Area population density persons/hectare    

    0-14.99 50.4% 12.8% 11.6% 9.4% 16.7% p<0.001 49.1% 

    15-29.99 23.8% 15.6% 9.1% 18.7% 19.8%  23.6% 

    30-49.99 17.7% 34.3% 32.8% 24.1% 23.4%  18.1% 

    50-74.99 5.3% 22.8% 22.2% 19.8% 18.6%  5.9% 

    75+ 2.8% 14.5% 24.2% 28.1% 21.5%  3.5% 

Car access        

    Have car access 77.3% 86.4% 69.7% 50.7% 67.2% p<0.001 77.0% 

    No car access 22.7% 13.6% 30.3% 49.3% 32.8%  23.0% 

NS Socio-Economic Classification (current or last job)    

    Managerial  44.4% 51.3% 35.4% 29.1% 51.1% p<0.001 44.3% 

    Intermediate 22.7% 20.1% 20.2% 19.4% 20.6%  22.6% 

    Routine and manual 30.5% 24.5% 35.9% 46.8% 22.9%  30.5% 

    Not classified   2.5% 4.2% 8.6% 4.7% 5.4%  2.6% 

Housing tenure        

    Owns 82.1% 91.9% 79.3% 71.2% 70.3% p<0.001 82.0% 

    Rents 17.9% 8.1% 20.7% 28.8% 29.7%  18.0% 

Walking frequency        

    Walk < 3x /week 65.9% 66.0% 74.1% 73.7% 64.4% p=0.009 66.0% 

    Walk ≥ 3x /week 34.1% 34.0% 25.9% 26.3% 35.6%  34.0% 

Bus pass possession        

    No bus pass 24.7% 20.6% 36.9% 14.0% 21.5% p<0.001 24.6% 

    Have a bus pass 75.3% 79.4% 63.1% 86.0% 78.5%   75.4% 

NTS=National Travel Survey  NS-National Statistics a- Pearson’s Chi-squared test 
Ethnicity categorisation: White (White British and other White), Indian (Indian), Pakistani & Bangladeshi (Pakistani and 
Bangladeshi), Black Caribbean (Black Caribbean, mixed White & Black Caribbean) and other (other mixed, other Asian 
and any other). 
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Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and Laverty, 
A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of Transport & Health, 
2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Appendix Table A-8: Travel patterns of those participants who did any active travel 

  White Indian 
Pakistani & 
Bangladeshi 

Black 
Caribbean Other p-value 

N who did any active travel (%) 17 619 (55%) 192 (53%) 92 (46%) 198 (71%) 226 (64%) p<0.001a 

% with a bus pass 85% 91% 72% 93% 88% p<0.001a 

Bus travel* 
2 (0-4) 3 (0-7) 2 (0-5) 4 (1-8) 4 (0-8) 

p<0.001
b 

Active travel as part of a bus 
journey* 1 (0-4) 2 (0-8) 2 (0-7) 4 (1-9) 4 (0-8) 

p<0.001
b 

Total active travel* 
8 (4-16) 10 (4-17) 14 (6-20) 8 (4-15) 11 (4-18) 

p<0.001
b 

% of total active stages which 
are part of a bus journey 29% 51% 33% 59% 46% p<0.001a 

Ethnicity categorisation: White (White British and other White), Indian (Indian), Pakistani & Bangladeshi (Pakistani and 
Bangladeshi), Black Caribbean (Black Caribbean, mixed White & Black Caribbean) and other (other mixed, other Asian 
and any other). 

*median number of stages/week (interquartile range) 
a - Pearson’s Chi-squared test, b - Kruskal-Wallis test 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and Laverty, 
A.A. Ethnic group differences in impacts of free bus passes in England: A national study. Journal of Transport & Health, 
2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved  

 

  



Appendix A – Tables and Figures  

265 
 

Appendix Table A-9: Association between holding a bus pass and travel mode by ethnic group 

 White Indian 
Pakistani & 
Bangladeshi Black Caribbean Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages      
AOR of doing any travel     
    No Bus Pass 0.09*** (0.08, 0.10) 0.10*** (0.04, 0.25) 0.07*** (0.03, 0.17) 0.18*** (0.08, 0.39) 0.17*** (0.08, 0.36) 

    With Bus Pass 1.00  (ref) 1.07 (0.78, 1.47) 0.54* (0.32, 0.92) 1.26 (0.88, 1.80) 1.16 (0.84, 1.62) 

IRR of amount of travel     
    No Bus Pass 0.85** (0.76, 0.96) 1.00 (0.43, 2.32) 1.11 (0.59, 2.06) 0.92 (0.35, 2.41) 1.00 (0.57, 1.76) 

    With Bus Pass 1.00  (ref) 1.40*** (1.19, 1.66) 1.15 (0.92, 1.43) 1.10 (0.96, 1.26) 1.29*** (1.12, 1.48) 

Active stages as part of a bus trip     
AOR of doing any travel     
    No Bus Pass 0.08*** (0.07, 0.09) 0.07*** (0.03, 0.20) 0.06*** (0.02, 0.16) 0.17*** (0.07, 0.39) 0.17*** (0.07, 0.39) 

    With Bus Pass 1.00  (ref) 1.16 (0.81, 1.66) 0.55 (0.30, 1.02) 1.29 (0.83, 2.01) 1.43 (0.94, 2.17) 

IRR of amount of travel     
    No Bus Pass 0.74*** (0.62, 0.87) 2.08* (1.03, 4.19) 0.96 (0.44, 2.10) 0.65 (0.26, 1.65) 0.68 (0.38, 1.23) 

    With Bus Pass 1.00  (ref) 1.42* (1.07, 1.88) 1.32 (0.87, 2.00) 1.14 (0.92, 1.42) 1.17 (0.93, 1.48) 

Total Active Stages     
AOR of doing any travel     
    No Bus Pass 0.29*** (0.27, 0.31) 0.12*** (0.07, 0.23) 0.21*** (0.12, 0.37) 0.20*** (0.10, 0.41) 0.24*** (0.14, 0.41) 

    With Bus Pass 1.00  (ref) 0.72 (0.52, 1.00) 0.40*** (0.26, 0.63) 1.36 (0.88, 2.09) 1.04 (0.73, 1.50) 

IRR of amount of travel     
    No Bus Pass 0.94** (0.90, 0.98) 1.08 (0.72, 1.62) 1.22 (0.84, 1.76) 0.42** (0.24, 0.76) 0.85 (0.59, 1.23) 

    With Bus Pass 1.00  (ref) 0.97 (0.80, 1.17) 1.16 (0.91, 1.47) 0.83* (0.69, 0.98) 0.95 (0.82, 1.09) 

Walking ≥ 3 times/week     
AOR      
    No Bus Pass 0.69*** (0.65, 0.73) 0.52* (0.29, 0.93) 0.40** (0.22, 0.74) 0.36* (0.14, 0.88) 0.43** (0.24, 0.79) 

    With Bus Pass 1.00  (ref) 0.92 (0.70, 1.21) 0.74 (0.48, 1.14) 0.75 (0.55, 1.04) 1.04 (0.78, 1.39) 

Ethnicity categorisation: White (White British and other White), Indian (Indian), Pakistani & Bangladeshi (Pakistani and 
Bangladeshi), Black Caribbean (Black Caribbean, mixed White & Black Caribbean) and other (other mixed, other Asian and 
any other). 

Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic Classification 
(NS-SEC), population density of household's post code sector (continuous) and home ownership. 

AOR-adjusted odds ratio, IRR-incident rate ratio.    
*** p<0.001, ** p<0.01, * p<0.05 
Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, C., and Laverty, A.A. 
Ethnic group differences in impacts of free bus passes in England: A national study. Journal of Transport & Health, 2018. 11: 
p. 1-14. © 2018 Elsevier Ltd. All rights reserved  
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Appendix Table A-10: Association between holding a bus pass and travel mode by ethnic group with additional 
adjustment for the year of data collection 

 White South Asian Black Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages     
AOR of doing any travel    
No Bus Pass 0.09*** (0.08, 0.10) 0.08*** (0.04, 0.16) 0.31*** (0.17, 0.57) 0.17*** (0.08, 0.36) 

With Bus Pass 1.00 (ref) 0.87 (0.66, 1.13) 1.33 (0.99, 1.80) 1.14 (0.82, 1.59) 

IRR of amount of travel    
No Bus Pass 0.85** (0.75, 0.95) 1.07 (0.65, 1.75) 0.96 (0.55, 1.69) 1.00 (0.57, 1.76) 

With Bus Pass 1.00 (ref) 1.33*** (1.16, 1.54) 1.22** (1.08, 1.37) 1.29*** (1.13, 1.48) 

Active stages as part of a bus trip    
AOR of doing any travel    
No Bus Pass 0.08*** (0.07, 0.09) 0.06*** (0.03, 0.13) 0.33** (0.17, 0.64) 0.17*** (0.07, 0.39) 

With Bus Pass 1.00 (ref) 0.94 (0.69, 1.28) 1.39 (0.96, 2.02) 1.39 (0.91, 2.12) 

IRR of amount of travel    
No Bus Pass 0.74*** (0.62, 0.88) 1.41 (0.77, 2.61) 0.59 (0.33, 1.05) 0.69 (0.38, 1.23) 

With Bus Pass 1.00 (ref) 1.38** (1.09, 1.75) 1.16 (0.97, 1.37) 1.18 (0.93, 1.49) 

Total Active Stages     
AOR of doing any travel    
No Bus Pass 0.28*** (0.26, 0.30) 0.16*** (0.11, 0.25) 0.38** (0.21, 0.68) 0.23*** (0.13, 0.41) 

With Bus Pass 1.00 (ref) 0.61*** (0.47, 0.80) 1.22 (0.85, 1.75) 1.06 (0.75, 1.52) 

IRR of amount of travel    
No Bus Pass 0.93** (0.89, 0.97) 1.17 (0.88, 1.56) 0.46*** (0.30, 0.71) 0.86 (0.59, 1.24) 

With Bus Pass 1.00 (ref) 1.03 (0.89, 1.20) 0.88 (0.76, 1.02) 0.96 (0.83, 1.10) 

Walking ≥ 3 times/week    
AOR     
No Bus Pass 0.70*** (0.65, 0.75) 0.46*** (0.30, 0.70) 0.42* (0.22, 0.82) 0.44** (0.24, 0.80) 

With Bus Pass 1.00 (ref) 0.85 (0.67, 1.07) 0.81 (0.62, 1.06) 1.03 (0.77, 1.37) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black (Black 
African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and other (other 
mixed, other Asian and any other). 
Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic Classification 
(NS-SEC), population density of household's post code sector (continuous), home ownership and year of data collection. 

AOR-adjusted odds ratio, IRR-incident rate ratio.   
*** p<0.001, ** p<0.01, * p<0.05    

Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, 

C., and Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national 

study. Journal of Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Appendix Table A-11: Age and Sex adjusted association between holding a bus pass and travel mode by ethnic 
group 

 White South Asian Black Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages     
AOR of doing any travel    
No Bus Pass 0.08***  (0.07, 0.09) 0.12*** (0.06, 0.22) 0.55  (0.28, 1.11) 0.25***  (0.12, 0.53) 

With Bus Pass 1.00  (ref) 1.16  (0.91, 1.47) 2.79***  (2.09, 3.73) 1.89***  (1.40, 2.55) 

IRR of amount of travel    
No Bus Pass 0.88*  (0.78, 1.00) 1.36  (0.73, 2.53) 1.41  (0.80, 2.49) 1.23  (0.79, 1.92) 

With Bus Pass 1.00  (ref) 1.33***  (1.15, 1.53) 1.55***  (1.39, 1.74) 1.50***  (1.31, 1.72) 

Active stages as part of a bus trip    
AOR of doing any travel    
No Bus Pass 0.07***  (0.06, 0.08) 0.10***  (0.05, 0.20) 0.66  (0.29, 1.54) 0.27**  (0.12, 0.60) 

With Bus Pass 1.00  (ref) 1.21  (0.92, 1.58) 3.23***  (2.22, 4.70) 2.19***  (1.50, 3.19) 

IRR of amount of travel    
No Bus Pass 0.79**  (0.67, 0.94) 2.04  (0.96, 4.33) 0.82  (0.44, 1.52) 0.82  (0.51, 1.31) 

With Bus Pass 1.00  (ref) 1.47**  (1.15, 1.87) 1.54***  (1.28, 1.85) 1.49***  (1.19, 1.87) 

Total Active Stages     
AOR of doing any travel    
No Bus Pass 0.26***  (0.24, 0.28) 0.21***  (0.14, 0.31) 0.55  (0.30, 1.02) 0.29***  (0.17, 0.50) 

With Bus Pass 1.00  (ref) 0.75*  (0.59, 0.95) 2.10***  (1.46, 3.02) 1.54*  (1.09, 2.17) 

IRR of amount of travel    
No Bus Pass 0.86***  (0.83, 0.90) 1.26  (0.96, 1.65) 0.62*  (0.40, 0.95) 0.95  (0.69, 1.30) 

With Bus Pass 1.00  (ref) 1.14  (0.98, 1.32) 1.14  (0.99, 1.33) 1.23**  (1.07, 1.42) 

Walking ≥ 3 times/week    
AOR     
No Bus Pass 0.71***  (0.67, 0.76) 0.47***  (0.31, 0.71) 0.42**  (0.22, 0.79) 0.42**  (0.23, 0.76) 

With Bus Pass 1.00  (ref) 0.87  (0.70, 1.09) 0.79  (0.61, 1.02) 1.07  (0.81, 1.43) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black 
(Black African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and 
other (other mixed, other Asian and any other). 

Covariates: Age (continuous), sex. 

AOR-adjusted odds ratio, IRR-incident rate ratio.   
*** p<0.001, ** p<0.01, * p<0.05    

Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, 

C., and Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national 

study. Journal of Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Appendix Table A-12: Walking and cycling stages only were considered active. Association between holding a 
bus pass and travel mode by ethnic group 

 White South Asian Black Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages     
AOR of doing any travel    
No Bus Pass 0.09*** (0.08, 0.10) 0.08*** (0.04, 0.16) 0.31*** (0.17, 0.57) 0.17*** (0.08, 0.36) 

With Bus Pass 1.00 (ref) 0.87 (0.66, 1.13) 1.33 (0.99, 1.80) 1.14 (0.82, 1.58) 

IRR of amount of travel    
No Bus Pass 0.85** (0.76, 0.96) 1.06 (0.65, 1.75) 0.96 (0.55, 1.68) 1.00 (0.57, 1.76) 

With Bus Pass 1.00 (ref) 1.33*** (1.16, 1.53) 1.22** (1.08, 1.37) 1.29*** (1.12, 1.48) 

Active stages as part of a bus trip    
AOR of doing any travel    
No Bus Pass  Model would not converge.  
With Bus Pass     
IRR of amount of travel    
No Bus Pass     
With Bus Pass     

Total Active Stages     
AOR of doing any travel    
No Bus Pass 0.49*** (0.46, 0.52) 0.32*** (0.21, 0.49) 0.26*** (0.13, 0.49) 0.29*** (0.15, 0.56) 

With Bus Pass 1.00 (ref) 0.54*** (0.42, 0.70) 0.68** (0.52, 0.89) 0.74 (0.55, 1.01) 

IRR of amount of travel    
No Bus Pass 0.95* (0.91, 1.00) 1.30 (0.97, 1.73) 0.49* (0.27, 0.88) 0.94 (0.58, 1.53) 

With Bus Pass 1.00 (ref) 1.08 (0.91, 1.28) 0.80* (0.66, 0.98) 0.93 (0.79, 1.09) 

Walking ≥ 3 times/week    
AOR     
No Bus Pass 0.69*** (0.65, 0.73) 0.46*** (0.30, 0.70) 0.43* (0.22, 0.82) 0.43** (0.24, 0.79) 

With Bus Pass 1.00 (ref) 0.86 (0.68, 1.08) 0.82 (0.63, 1.07) 1.04 (0.78, 1.39) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black 
(Black African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and 
other (other mixed, other Asian and any other). 
Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic 
Classification (NS-SEC), population density of household's post code sector (continuous) and home ownership. 

AOR-adjusted odds ratio, IRR-incident rate ratio.   
*** p<0.001, ** p<0.01, * p<0.05    

Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, 

C., and Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national 

study. Journal of Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Appendix Table A-13: Excluding London residents. Association between holding a bus pass and travel mode by 
ethnic group 

 White South Asian Black Other 

  AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) AOR/IRR (95% CI) 

Bus Stages     
AOR of doing any travel    
No Bus Pass 0.09*** (0.08, 0.11) 0.04*** (0.01, 0.10) 0.23** (0.09, 0.58) 0.14*** (0.05, 0.41) 

With Bus Pass 1.00 (ref) 1.12 (0.75, 1.67) 1.39 (0.87, 2.21) 1.10 (0.64, 1.90) 

IRR of amount of travel    
No Bus Pass 0.84* (0.73, 0.96) 0.77 (0.49, 1.20) 1.62 (0.77, 3.41) 1.83* (1.11, 3.04) 

With Bus Pass 1.00 (ref) 1.43*** (1.19, 1.73) 1.39** (1.13, 1.70) 1.16 (0.90, 1.49) 

Active stages as part of a bus trip    
AOR of doing any travel    
No Bus Pass 0.08*** (0.06, 0.09) 0.02*** (0.01, 0.08) 0.22** (0.08, 0.59) 0.14*** (0.04, 0.44) 

With Bus Pass 1.00 (ref) 1.30 (0.82, 2.08) 1.36 (0.78, 2.37) 1.43 (0.72, 2.85) 

IRR of amount of travel    
No Bus Pass 0.75** (0.62, 0.90) 0.62** (0.46, 0.83) 1.13 (0.53, 2.44) 1.21 (0.69, 2.11) 

With Bus Pass 1.00 (ref) 1.29 (0.98, 1.72) 1.29* (1.01, 1.66) 0.91 (0.67, 1.24) 

Total Active Stages     
AOR of doing any travel    
No Bus Pass 0.30*** (0.28, 0.32) 0.19*** (0.12, 0.32) 0.22*** (0.09, 0.53) 0.19*** (0.09, 0.39) 

With Bus Pass 1.00 (ref) 0.80 (0.54, 1.19) 1.42 (0.83, 2.44) 1.02 (0.58, 1.80) 

IRR of amount of travel    
No Bus Pass 0.95* (0.90, 0.99) 1.29 (0.93, 1.78) 0.76 (0.40, 1.44) 1.22 (0.79, 1.89) 

With Bus Pass 1.00 (ref) 1.06 (0.88, 1.28) 0.92 (0.74, 1.15) 0.73* (0.58, 0.94) 

Walking ≥ 3 times/week    
AOR     
No Bus Pass 0.68*** (0.64, 0.73) 0.42*** (0.25, 0.70) 0.37 (0.13, 1.06) 0.38* (0.17, 0.88) 

With Bus Pass 1.00 (ref) 1.01 (0.72, 1.41) 0.81 (0.54, 1.20) 1.03 (0.66, 1.63) 

Ethnicity categorisation: White (White British and other White), South Asian (Indian, Pakistani and Bangladeshi), Black 
(Black African, mixed White & Black African, Black Caribbean, mixed White & Black Caribbean and other Black) and 
other (other mixed, other Asian and any other). 
Covariates: Age (continuous), sex, size of area of residence, access to a car, National Statistics Socio-Economic 
Classification (NS-SEC), population density of household's post code sector (continuous) and home ownership. 

AOR-adjusted odds ratio, IRR-incident rate ratio.   
*** p<0.001, ** p<0.01, * p<0.05    

Reproduced with permission of the rights holder. From: Patterson, R., Webb, E., Mindell, J.S., Millett, 

C., and Laverty, A.A. Ethnic group differences in impacts of free bus passes in England: A national 

study. Journal of Transport & Health, 2018. 11: p. 1-14. © 2018 Elsevier Ltd. All rights reserved 
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Appendix Table A-14: Commute mode options available in the census forms from 1991 to 2011 

 1991 2001 2001 

Sedentary Motor cycle, scooter, 
moped 

Driving a car or van 
Passenger in a car or 
van 

Motor cycle, scooter 
or moped 

Driving a car or van 
Passenger in a car or 
van 

Taxi 

Motorcycle, scooter or 
moped 

Driving a car or van 
Passenger in a car or 
van 

Taxi  

Public Transport Bus, minibus or coach 
(public or private) 

Underground, tube, 
metro 

British Rail train 

Bus, minibus or coach 
Underground, metro, 
light-rail, tram 

Train 
 

Bus, minibus or coach 
Underground, metro, 
light rail, tram 

Train 
 

Cycle Pedal cycle Bicycle Bicycle 

Walk On foot On foot On foot 

Excluded  Work mainly at or 
from home 

Work mainly at or 
from home 

Other please specify Other Other 
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Appendix Table A-15: Median distance used to categorise long and short distance commuters in ONS-LS 2001 
and 2011 

Mode Median Distance 2001 
(km) 

Median Distance 2011 
(km) 

Sedentary 6.6 6.6 

Public Transport 7.3 7.9 

 Bus  4.3  4.5 

 Rail  14.0  13.3 

Walk 0.7 0.8 

Cycle 2.2 2.9 
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Appendix Figure A-4: Plot of Schoenfeld residual against time for sex in ONS-Longitudinal Study 1991-2016 

 

Appendix Figure A-5: Plot of Schoenfeld residual against time for car access in ONS-Longitudinal Study 1991-
2016 
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Appendix Table A-16: Characteristics of participants by commute mode with disaggregated public transport 
modes from ONS Longitudinal Study 1991-2016 

  
Sedentary 

(%) 
Bus 
(%) 

Rail 
(%) 

Walk 
(%) 

Cycle 
(%) Total 

All 65.6% 10.3% 8.5% 12.4% 3.2% 391,894 

Age       
16-29 62.0% 12.2% 10.3% 12.3% 3.2% 148,257 

30-44 68.1% 8.3% 8.7% 11.6% 3.3% 141,857 

45-59 67.8% 10.2% 5.4% 13.5% 3.0% 85,319 

60+ 64.3% 11.3% 5.5% 15.7% 3.2% 16,461 

Sex       
Men 71.6% 6.9% 8.7% 8.7% 4.0% 208,119 

Women 58.7% 14.1% 8.3% 16.6% 2.3% 183,775 

Housing tenure       
Homeowner 71.4% 8.2% 7.5% 10.0% 2.9% 286,795 

Non-homeowner 49.8% 16.0% 11.0% 18.9% 4.2% 105,099 

Marital status       
Unmarried 60.0% 12.8% 10.7% 13.0% 3.4% 189,152 

Married 70.8% 8.0% 6.4% 11.9% 3.0% 202,742 

Ethnicity       
White 67.3% 9.4% 7.4% 12.4% 3.4% 351,378 

Minority ethnicity 50.9% 17.7% 17.5% 12.5% 1.4% 40,516 

Education       
No degree 66.3% 11.2% 5.9% 13.4% 3.2% 311,601 

Has a degree 62.7% 6.9% 18.4% 8.6% 3.4% 80,293 

Car access       
No car access 17.9% 30.0% 17.5% 27.9% 6.7% 53,488 

Has access to a car 73.1% 7.2% 7.1% 10.0% 2.7% 338,406 

Population density       
0-2,000 persons/km2 75.3% 6.5% 4.1% 11.2% 2.9% 171,229 

2,000+ persons/km2 58.0% 13.2% 11.9% 13.4% 3.5% 220,665 

NSSEC – social class       
Higher 70.6% 5.9% 13.7% 7.3% 2.6% 128,788 

Intermediate 69.4% 10.0% 9.1% 9.6% 1.9% 97,664 

Routine/Manual 59.4% 13.9% 4.1% 18.1% 4.5% 165,442 

Carstairs quintile       
Least deprived 78.2% 4.3% 6.6% 8.0% 2.8% 76,324 

2 72.4% 6.6% 7.3% 10.6% 3.1% 78,956 

3 66.8% 9.0% 7.6% 13.2% 3.5% 79,892 

4 61.1% 12.7% 8.1% 14.6% 3.4% 80,597 

Most deprived 49.3% 19.0% 12.9% 15.6% 3.2% 76,125 

Long term illness       
No illness 65.7% 10.1% 8.6% 12.3% 3.2% 374,198 

Has an illness 63.2% 13.5% 6.3% 14.3% 2.7% 17,696 

Entered study       
1991 68.4% 9.9% 6.3% 12.0% 3.3% 207,809 

2001 65.3% 10.3% 8.9% 12.4% 3.1% 87,817 

2011 59.7% 11.1% 12.7% 13.3% 3.1% 96,268 

 NSSEC – National Statistics socio-economic classification 
Source ONS Longitudinal Study 
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Appendix Table A-17: Baseline characteristics of participants by commute mode and distance from ONS 
Longitudinal Study 1991-2016 

  

Sede- 
ntary 
(%) 

Bus 
Short 
(%) 

Bus 
Long 
(%) 

Rail 
Short 
(%) 

Rail 
Long 
(%) 

Walk 
Short 
(%) 

Walk 
Long 
(%) 

Cycle 
Short 
(%) 

Cycle 
Long 
(%) Total 

All 68.0% 4.4% 4.3% 4.6% 4.0% 6.0% 5.7% 1.6% 1.5% 304,125 

Age           
16-29 60.9% 5.6% 6.3% 6.4% 4.7% 5.4% 7.4% 1.6% 1.6% 88,148 

30-44 69.7% 3.7% 3.5% 4.9% 4.5% 5.5% 4.9% 1.6% 1.8% 115,454 

45-59 72.6% 4.2% 3.4% 2.5% 2.9% 6.7% 5.0% 1.5% 1.2% 84,246 

60+ 70.7% 4.9% 3.7% 2.8% 2.0% 8.1% 5.3% 1.4% 1.1% 16,277 

Sex           
Men 72.3% 2.6% 3.5% 4.4% 4.5% 3.8% 4.6% 2.0% 2.3% 155,097 

Women 63.5% 6.3% 5.2% 4.7% 3.4% 8.2% 6.8% 1.1% 0.7% 149,028 

Housing tenure           
Homeowner 73.8% 3.3% 3.4% 3.4% 4.1% 4.9% 4.4% 1.4% 1.4% 226,611 

Non-homeowner 51.3% 7.9% 6.9% 7.9% 3.5% 9.2% 9.4% 2.1% 2.0% 77,514 

Marital status           
Unmarried 62.1% 5.6% 5.7% 6.2% 4.3% 5.8% 7.0% 1.6% 1.8% 150,434 

Married 73.8% 3.3% 3.0% 3.0% 3.7% 6.1% 4.4% 1.5% 1.3% 153,691 

Ethnicity           
White 69.9% 3.9% 3.9% 3.8% 3.6% 5.9% 5.7% 1.7% 1.6% 270,192 

Minority ethnicity 52.8% 8.5% 7.7% 10.4% 6.8% 6.5% 5.8% 0.8% 0.7% 33,933 

Education           
No degree 68.8% 4.9% 4.7% 2.9% 2.7% 6.8% 6.1% 1.7% 1.4% 217,113 

Has a degree 66.1% 3.1% 3.2% 8.8% 7.2% 3.9% 4.5% 1.3% 2.0% 87,012 

Car access           
No car access 17.4% 15.5% 13.0% 14.2% 5.1% 12.5% 15.4% 3.4% 3.6% 35,501 

Has access to a car 74.7% 3.0% 3.2% 3.3% 3.8% 5.1% 4.4% 1.3% 1.3% 268,624 

Population density           
0-2,000 persons/km2 77.9% 2.0% 3.1% 1.0% 3.2% 6.1% 4.1% 1.4% 1.1% 134,318 

2,000+ persons/km2 60.2% 6.3% 5.2% 7.4% 4.6% 5.9% 6.9% 1.7% 1.9% 169,807 

NSSEC – social class           
Higher 71.3% 2.6% 2.9% 6.8% 6.6% 3.4% 3.7% 1.1% 1.5% 118,907 

Intermediate 69.8% 4.5% 4.7% 4.6% 4.0% 5.8% 4.8% 0.9% 0.9% 63,071 

Routine/Manual 63.9% 6.2% 5.4% 2.4% 1.3% 8.5% 8.0% 2.3% 1.9% 122,147 

Carstairs quintile           
Least deprived 80.2% 1.3% 2.2% 1.2% 5.3% 4.5% 2.9% 1.2% 1.2% 60,851 

2 74.2% 2.4% 3.2% 2.7% 4.6% 5.5% 4.3% 1.6% 1.5% 62,957 

3 68.9% 3.7% 3.8% 3.9% 3.7% 6.6% 6.1% 1.8% 1.5% 62,713 

4 64.1% 5.9% 5.1% 5.0% 2.9% 6.5% 7.2% 1.7% 1.7% 61,234 

Most deprived 51.3% 9.4% 7.6% 10.5% 3.2% 6.8% 8.0% 1.4% 1.8% 56,370 

Long term illness           
No illness 68.0% 4.3% 4.2% 4.7% 4.1% 5.9% 5.6% 1.6% 1.6% 283,559 

Has an illness 67.7% 5.7% 5.2% 3.1% 2.5% 7.1% 6.0% 1.4% 1.2% 20,566 

Entered study           
1991 71.3% 4.0% 3.9% 3.5% 3.5% 5.6% 5.0% 1.6% 1.5% 196,850 

2001 62.0% 5.2% 5.0% 6.4% 4.8% 6.6% 6.9% 1.5% 1.6% 107,275 

NSSEC – National Statistics socio-economic classification Source ONS Longitudinal Study 
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Appendix Table A-18: Cox regression analyses of commute mode and mortality outcomes using the ONS Longitudinal Study 1991-2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.98 (0.94, 1.03) 0.97 (0.92, 1.02) 0.96 (0.91, 1.02) 0.91 (0.82, 1.01) 0.91 (0.81, 1.02) 0.90 (0.80, 1.01) 

Walk 1.17 (1.11, 1.23) 1.04 (0.98, 1.09) 0.98 (0.92, 1.03) 1.02 (0.91, 1.14) 0.99 (0.88, 1.11) 0.91 (0.81, 1.03) 

Cycle 0.94 (0.85, 1.04) 0.83 (0.75, 0.92) 0.80 (0.73, 0.89) 0.93 (0.75, 1.14) 0.80 (0.65, 0.99) 0.76 (0.61, 0.94) 

Age at baseline 1.09 (1.09, 1.09) 1.12 (1.11, 1.13) 1.12 (1.11, 1.13) 1.11 (1.11, 1.11) 1.20 (1.18, 1.22) 1.19 (1.17, 1.22) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.59 (0.57, 0.61) 0.60 (0.58, 0.62) 0.60 (0.58, 0.63) 0.31 (0.29, 0.34) 0.33 (0.30, 0.36) 0.33 (0.31, 0.37) 

Married 1.42 (1.37, 1.47) 0.78 (0.75, 0.81) 0.81 (0.78, 0.84) 1.68 (1.55, 1.81) 0.80 (0.74, 0.87) 0.83 (0.76, 0.90) 

Black minority ethnic 0.64 (0.60, 0.69) 0.73 (0.67, 0.79) 0.72 (0.67, 0.78) 0.84 (0.73, 0.98) 0.96 (0.82, 1.12) 0.94 (0.81, 1.10) 

Has access to a car 0.55 (0.53, 0.58) 0.61 (0.58, 0.64) 0.69 (0.66, 0.73) 0.54 (0.49, 0.59) 0.57 (0.51, 0.64) 0.68 (0.61, 0.76) 

Population density 2000+ persons/km2 0.99 (0.96, 1.02) 1.05 (1.02, 1.09) 1.00 (0.96, 1.04) 1.05 (0.98, 1.12) 1.10 (1.02, 1.18) 0.98 (0.90, 1.06) 

Has a long term illness at baseline 3.50 (3.32, 3.69) 2.00 (1.89, 2.11) 1.95 (1.84, 2.06) 4.23 (3.82, 4.69) 2.19 (1.96, 2.44) 2.12 (1.90, 2.36) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.53 (0.50, 0.56) 0.43 (0.40, 0.45) 0.42 (0.40, 0.44) 0.44 (0.38, 0.50) 0.32 (0.28, 0.37) 0.32 (0.28, 0.36) 

Entered study 2011 0.43 (0.40, 0.47) 0.19 (0.18, 0.21) 0.18 (0.17, 0.20) 0.41 (0.34, 0.51) 0.14 (0.11, 0.17) 0.13 (0.10, 0.16) 

Has a degree 0.59 (0.56, 0.62)   0.82 (0.78, 0.87) 0.51 (0.45, 0.57)   0.78 (0.69, 0.89) 

Non-home owner 1.24 (1.19, 1.29)   1.28 (1.22, 1.33) 1.30 (1.20, 1.41)   1.27 (1.16, 1.39) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.23 (1.17, 1.29)   1.08 (1.03, 1.14) 1.20 (1.09, 1.33)   1.07 (0.96, 1.19) 

Routine/Manual 1.57 (1.51, 1.63)   1.16 (1.11, 1.21) 1.78 (1.64, 1.94)   1.24 (1.13, 1.37) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.01 (0.96, 1.06)   1.02 (0.97, 1.07) 1.22 (1.09, 1.37)   1.23 (1.10, 1.38) 

Mid-point 1.03 (0.98, 1.09)   1.06 (1.01, 1.12) 1.25 (1.12, 1.40)   1.30 (1.16, 1.46) 

Moderate deprivation 1.06 (1.00, 1.11)   1.10 (1.04, 1.17) 1.31 (1.17, 1.47)   1.39 (1.23, 1.57) 

Most deprived 1.13 (1.07, 1.19)   1.16 (1.09, 1.23) 1.47 (1.31, 1.64)   1.48 (1.30, 1.69) 

 Failures=13983 N=391894 Failures=3172 N=391894 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-19:Cox regression analyses of commute mode and cancer outcomes using the ONS Longitudinal Study 1991-2016 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.79 (0.76, 0.82) 0.93 (0.89, 0.97) 0.93 (0.89, 0.97) 0.89 (0.83, 0.96) 0.96 (0.89, 1.04) 0.95 (0.88, 1.03) 

Walk 1.00 (0.96, 1.05) 0.93 (0.89, 0.97) 0.93 (0.89, 0.97) 1.16 (1.08, 1.25) 1.02 (0.94, 1.11) 0.98 (0.91, 1.06) 

Cycle 0.84 (0.77, 0.92) 0.89 (0.82, 0.97) 0.89 (0.82, 0.97) 0.88 (0.76, 1.03) 0.85 (0.73, 0.99) 0.84 (0.73, 0.98) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.13, 1.15) 1.14 (1.13, 1.15) 1.09 (1.09, 1.09) 1.20 (1.18, 1.21) 1.20 (1.18, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.04 (1.01, 1.07) 1.12 (1.09, 1.15) 1.12 (1.09, 1.16) 0.81 (0.77, 0.85) 0.86 (0.82, 0.90) 0.86 (0.82, 0.91) 

Married 1.86 (1.81, 1.92) 1.01 (0.97, 1.04) 1.01 (0.98, 1.04) 1.83 (1.73, 1.93) 0.95 (0.89, 1.00) 0.97 (0.91, 1.03) 

Black minority ethnic 0.48 (0.44, 0.51) 0.57 (0.53, 0.61) 0.57 (0.53, 0.61) 0.47 (0.42, 0.54) 0.56 (0.49, 0.64) 0.56 (0.49, 0.64) 

Has access to a car 1.03 (0.99, 1.08) 0.96 (0.91, 1.01) 0.98 (0.93, 1.03) 0.71 (0.66, 0.76) 0.72 (0.67, 0.79) 0.79 (0.73, 0.86) 

Population density 2000+ persons/km2 0.85 (0.83, 0.88) 0.99 (0.97, 1.02) 0.98 (0.95, 1.01) 0.94 (0.89, 0.98) 1.06 (1.01, 1.11) 1.02 (0.96, 1.07) 

Has a long term illness at baseline 1.47 (1.39, 1.57) 1.04 (0.98, 1.11) 1.04 (0.98, 1.11) 2.38 (2.17, 2.60) 1.46 (1.33, 1.61) 1.43 (1.31, 1.57) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.49 (0.47, 0.51) 0.46 (0.44, 0.48) 0.46 (0.44, 0.48) 0.47 (0.44, 0.51) 0.40 (0.37, 0.43) 0.39 (0.36, 0.42) 

Entered study 2011 0.30 (0.28, 0.32) 0.22 (0.21, 0.24) 0.22 (0.20, 0.24) 0.29 (0.25, 0.33) 0.15 (0.13, 0.17) 0.15 (0.13, 0.17) 

Has a degree 0.81 (0.78, 0.84)   0.97 (0.93, 1.01) 0.61 (0.57, 0.66)   0.84 (0.78, 0.91) 

Non-home owner 0.77 (0.74, 0.80)   1.03 (0.99, 1.07) 1.00 (0.95, 1.07)   1.20 (1.13, 1.29) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.09 (1.05, 1.12)   1.00 (0.96, 1.04) 1.23 (1.15, 1.31)   1.06 (0.99, 1.14) 

Routine/Manual 1.10 (1.07, 1.14)   0.99 (0.95, 1.02) 1.40 (1.32, 1.48)   1.05 (0.99, 1.13) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.94 (0.90, 0.97)   0.99 (0.95, 1.03) 0.94 (0.87, 1.01)   0.97 (0.90, 1.05) 

Mid-point 0.84 (0.80, 0.87)   0.95 (0.91, 0.99) 0.93 (0.86, 1.00)   1.01 (0.93, 1.09) 

Moderate deprivation 0.84 (0.81, 0.88)   1.03 (0.99, 1.08) 0.93 (0.86, 1.00)   1.06 (0.98, 1.15) 

Most deprived 0.77 (0.73, 0.80)   1.04 (0.99, 1.10) 0.95 (0.88, 1.03)   1.14 (1.04, 1.25) 
 Failures=20,930 N=390,555 Failures=6,509 N=391894 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-20: Cox regression analyses of commute mode with disaggregated public transport modes and mortality outcomes using the ONS Longitudinal Study 
1991-2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.19 (1.13, 1.26) 1.07 (1.00, 1.14) 1.01 (0.94, 1.07) 1.11 (0.99, 1.25) 1.05 (0.92, 1.20) 0.97 (0.84, 1.11) 

Rail 0.73 (0.68, 0.79) 0.84 (0.78, 0.91) 0.90 (0.83, 0.97) 0.66 (0.55, 0.77) 0.73 (0.62, 0.87) 0.80 (0.67, 0.95) 
Walk 1.17 (1.11, 1.23) 1.05 (0.99, 1.10) 0.98 (0.93, 1.04) 1.02 (0.91, 1.14) 1.00 (0.89, 1.13) 0.92 (0.82, 1.04) 

Cycle 0.94 (0.85, 1.04) 0.84 (0.76, 0.93) 0.81 (0.73, 0.89) 0.93 (0.76, 1.14) 0.81 (0.66, 1.00) 0.76 (0.62, 0.94) 

Age at baseline 1.09 (1.09, 1.09) 1.12 (1.11, 1.13) 1.12 (1.11, 1.13) 1.11 (1.11, 1.11) 1.20 (1.18, 1.22) 1.19 (1.17, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 0.59 (0.57, 0.61) 0.59 (0.57, 0.61) 0.60 (0.58, 0.62) 0.31 (0.29, 0.34) 0.32 (0.30, 0.35) 0.33 (0.30, 0.36) 

Married 1.42 (1.37, 1.47) 0.78 (0.75, 0.81) 0.81 (0.78, 0.84) 1.68 (1.55, 1.81) 0.80 (0.73, 0.87) 0.83 (0.76, 0.90) 

Black minority ethnic 0.64 (0.60, 0.69) 0.73 (0.67, 0.79) 0.73 (0.67, 0.79) 0.84 (0.73, 0.98) 0.96 (0.83, 1.12) 0.95 (0.81, 1.10) 

Has access to a car 0.55 (0.53, 0.58) 0.62 (0.59, 0.66) 0.70 (0.66, 0.74) 0.54 (0.49, 0.59) 0.59 (0.53, 0.65) 0.68 (0.61, 0.77) 
Population density 2000+ persons/km2 0.99 (0.96, 1.02) 1.05 (1.02, 1.09) 1.00 (0.96, 1.04) 1.05 (0.98, 1.12) 1.10 (1.02, 1.18) 0.98 (0.91, 1.06) 

Has a long term illness at baseline 3.50 (3.32, 3.69) 1.99 (1.89, 2.11) 1.95 (1.84, 2.06) 4.23 (3.82, 4.69) 2.18 (1.96, 2.43) 2.12 (1.90, 2.36) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.53 (0.50, 0.56) 0.43 (0.40, 0.45) 0.42 (0.40, 0.44) 0.44 (0.38, 0.50) 0.33 (0.29, 0.37) 0.32 (0.28, 0.36) 
Entered study 2011 0.43 (0.40, 0.47) 0.19 (0.18, 0.21) 0.18 (0.17, 0.20) 0.41 (0.34, 0.51) 0.14 (0.11, 0.17) 0.13 (0.10, 0.16) 

Has a degree 0.59 (0.56, 0.62)   0.83 (0.78, 0.87) 0.51 (0.45, 0.57)   0.79 (0.69, 0.90) 

Non-home owner 1.24 (1.19, 1.29)   1.27 (1.22, 1.33) 1.30 (1.20, 1.41)   1.27 (1.16, 1.39) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 
Intermediate 1.23 (1.17, 1.29)   1.08 (1.03, 1.14) 1.20 (1.09, 1.33)   1.07 (0.96, 1.19) 

Routine/Manual 1.57 (1.51, 1.63)   1.15 (1.10, 1.21) 1.78 (1.64, 1.94)   1.23 (1.12, 1.35) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 
Next least deprived 1.01 (0.96, 1.06)   1.02 (0.97, 1.07) 1.22 (1.09, 1.37)   1.23 (1.10, 1.38) 

Mid-point 1.03 (0.98, 1.09)   1.06 (1.01, 1.12) 1.25 (1.12, 1.40)   1.30 (1.16, 1.46) 

Moderate deprivation 1.06 (1.00, 1.11)   1.10 (1.04, 1.16) 1.31 (1.17, 1.47)   1.38 (1.22, 1.56) 

Most deprived 1.13 (1.07, 1.19)   1.15 (1.08, 1.22) 1.47 (1.31, 1.64)   1.48 (1.29, 1.68) 

 Failures = 13,983 N = 391,894 Failures = 3,172 N = 391,894 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-21: Cox regression analyses of commute mode with disaggregated public transport modes and cancer outcomes using the ONS Longitudinal Study 1991-
2016 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.92 (0.88, 0.97) 0.97 (0.91, 1.02) 0.96 (0.91, 1.01) 1.10 (1.01, 1.19) 1.03 (0.94, 1.13) 0.99 (0.90, 1.08) 

Rail 0.64 (0.60, 0.68) 0.88 (0.83, 0.94) 0.88 (0.83, 0.94) 0.65 (0.58, 0.73) 0.86 (0.76, 0.97) 0.89 (0.79, 1.01) 

Walk 1.00 (0.96, 1.05) 0.93 (0.89, 0.98) 0.93 (0.89, 0.97) 1.16 (1.08, 1.25) 1.03 (0.95, 1.11) 0.99 (0.91, 1.07) 

Cycle 0.84 (0.77, 0.92) 0.89 (0.82, 0.97) 0.89 (0.82, 0.97) 0.88 (0.76, 1.03) 0.86 (0.74, 1.00) 0.85 (0.73, 0.99) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.13, 1.15) 1.14 (1.13, 1.15) 1.09 (1.09, 1.09) 1.20 (1.18, 1.21) 1.20 (1.18, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.04 (1.01, 1.07) 1.12 (1.09, 1.15) 1.12 (1.09, 1.15) 0.81 (0.77, 0.85) 0.85 (0.81, 0.90) 0.86 (0.82, 0.90) 

Married 1.86 (1.81, 1.92) 1.01 (0.97, 1.04) 1.01 (0.98, 1.04) 1.83 (1.73, 1.93) 0.95 (0.89, 1.00) 0.97 (0.91, 1.02) 

Black minority ethnic 0.48 (0.44, 0.51) 0.57 (0.53, 0.62) 0.57 (0.53, 0.61) 0.47 (0.42, 0.54) 0.57 (0.50, 0.65) 0.56 (0.49, 0.64) 

Has access to a car 1.03 (0.99, 1.08) 0.97 (0.92, 1.02) 0.98 (0.93, 1.03) 0.71 (0.66, 0.76) 0.73 (0.68, 0.80) 0.80 (0.73, 0.87) 

Population density 2000+ persons/km2 0.85 (0.83, 0.88) 0.99 (0.97, 1.02) 0.98 (0.96, 1.02) 0.94 (0.89, 0.98) 1.06 (1.01, 1.11) 1.02 (0.96, 1.07) 

Has a long term illness at baseline 1.47 (1.39, 1.57) 1.04 (0.98, 1.11) 1.04 (0.98, 1.11) 2.38 (2.17, 2.60) 1.46 (1.33, 1.60) 1.43 (1.31, 1.57) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.49 (0.47, 0.51) 0.46 (0.44, 0.48) 0.46 (0.44, 0.48) 0.47 (0.44, 0.51) 0.40 (0.37, 0.43) 0.39 (0.36, 0.42) 

Entered study 2011 0.30 (0.28, 0.32) 0.22 (0.21, 0.24) 0.22 (0.20, 0.24) 0.29 (0.25, 0.33) 0.15 (0.13, 0.18) 0.15 (0.13, 0.17) 

Has a degree 0.81 (0.78, 0.84)   0.97 (0.93, 1.01) 0.61 (0.57, 0.66)   0.84 (0.78, 0.91) 

Non-home owner 0.77 (0.74, 0.80)   1.03 (0.99, 1.07) 1.00 (0.95, 1.07)   1.20 (1.13, 1.28) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.09 (1.05, 1.12)   1.00 (0.96, 1.04) 1.23 (1.15, 1.31)   1.06 (0.99, 1.14) 

Routine/Manual 1.10 (1.07, 1.14)   0.98 (0.95, 1.02) 1.40 (1.32, 1.48)   1.05 (0.98, 1.12) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.94 (0.90, 0.97)   0.99 (0.95, 1.03) 0.94 (0.87, 1.01)   0.97 (0.90, 1.05) 
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Mid-point 0.84 (0.80, 0.87)   0.95 (0.91, 0.99) 0.93 (0.86, 1.00)   1.00 (0.93, 1.08) 

Moderate deprivation 0.84 (0.81, 0.88)   1.03 (0.99, 1.08) 0.93 (0.86, 1.00)   1.06 (0.98, 1.15) 

Most deprived 0.77 (0.73, 0.80)   1.04 (0.99, 1.10) 0.95 (0.88, 1.03)   1.14 (1.04, 1.24) 
 Failures = 20,930 N = 390,555 Failures = 6,509 N = 391894 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-22: Cox regression analyses of commute mode and disaggregated mortality outcomes using the ONS Longitudinal Study 1991-2016 

  IHD mortality Stroke mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.87 (0.78, 0.98) 0.92 (0.81, 1.05) 0.91 (0.80, 1.03) 1.06 (0.86, 1.31) 0.88 (0.69, 1.12) 0.88 (0.69, 1.12) 

Walk 0.93 (0.82, 1.05) 0.97 (0.85, 1.12) 0.89 (0.78, 1.03) 1.39 (1.11, 1.73) 1.05 (0.83, 1.34) 1.00 (0.79, 1.28) 

Cycle 0.89 (0.71, 1.13) 0.78 (0.62, 0.99) 0.74 (0.58, 0.94) 1.07 (0.69, 1.66) 0.89 (0.57, 1.39) 0.86 (0.55, 1.34) 

Age at baseline 1.11 (1.11, 1.11) 1.23 (1.20, 1.26) 1.22 (1.20, 1.25) 1.11 (1.10, 1.11) 1.12 (1.08, 1.16) 1.12 (1.08, 1.15) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.23 (0.21, 0.26) 0.25 (0.22, 0.27) 0.25 (0.22, 0.28) 0.72 (0.62, 0.85) 0.74 (0.63, 0.87) 0.74 (0.63, 0.87) 

Married 1.76 (1.61, 1.92) 0.79 (0.72, 0.87) 0.83 (0.75, 0.91) 1.40 (1.19, 1.65) 0.82 (0.68, 0.98) 0.84 (0.70, 1.00) 

Black minority ethnic 0.80 (0.67, 0.95) 0.90 (0.76, 1.08) 0.88 (0.74, 1.05) 0.99 (0.74, 1.34) 1.17 (0.86, 1.60) 1.20 (0.88, 1.64) 

Has access to a car 0.57 (0.52, 0.63) 0.59 (0.52, 0.66) 0.71 (0.63, 0.81) 0.44 (0.36, 0.52) 0.52 (0.42, 0.65) 0.57 (0.45, 0.72) 

Population density 2000+ persons/km2 1.05 (0.97, 1.14) 1.12 (1.03, 1.21) 0.97 (0.89, 1.06) 1.03 (0.88, 1.19) 1.04 (0.88, 1.21) 0.99 (0.84, 1.18) 

Has a long term illness at baseline 4.20 (3.74, 4.72) 2.19 (1.94, 2.47) 2.12 (1.88, 2.39) 4.35 (3.48, 5.44) 2.15 (1.70, 2.73) 2.10 (1.66, 2.67) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.42 (0.36, 0.49) 0.32 (0.27, 0.37) 0.31 (0.27, 0.36) 0.50 (0.38, 0.64) 0.35 (0.27, 0.45) 0.34 (0.26, 0.44) 

Entered study 2011 0.35 (0.27, 0.45) 0.12 (0.09, 0.16) 0.11 (0.09, 0.15) 0.67 (0.45, 0.99) 0.19 (0.12, 0.29) 0.18 (0.12, 0.28) 

Has a degree 0.50 (0.44, 0.57)   0.77 (0.66, 0.89) 0.54 (0.43, 0.69)   0.84 (0.64, 1.10) 

Non-home owner 1.32 (1.20, 1.44)   1.30 (1.17, 1.44) 1.24 (1.04, 1.49)   1.18 (0.97, 1.43) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.11 (0.99, 1.25)   1.00 (0.89, 1.14) 1.59 (1.28, 1.97)   1.34 (1.07, 1.69) 

Routine/Manual 1.77 (1.61, 1.95)   1.23 (1.11, 1.37) 1.82 (1.50, 2.20)   1.26 (1.02, 1.57) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.23 (1.08, 1.40)   1.25 (1.10, 1.42) 1.19 (0.93, 1.51)   1.17 (0.92, 1.50) 

Mid-point 1.25 (1.10, 1.42)   1.32 (1.15, 1.50) 1.25 (0.98, 1.59)   1.25 (0.97, 1.60) 

Moderate deprivation 1.35 (1.19, 1.54)   1.45 (1.27, 1.66) 1.17 (0.92, 1.50)   1.17 (0.90, 1.52) 

Most deprived 1.53 (1.35, 1.74)   1.59 (1.37, 1.84) 1.23 (0.95, 1.58)   1.13 (0.84, 1.51) 
 Failures = 2,509 N = 391894 Failures=663 N=391894 

NSSEC – National Statistics socio-economic classification, IHD – Ischaemic heart disease 
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Appendix Table A-23: Cox regression analyses of commute mode and disaggregated cancer outcomes using the ONS Longitudinal Study 1991-2016 

  Colon cancer incidence Colon cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.87 (0.69, 1.10) 0.99 (0.76, 1.27) 0.98 (0.76, 1.27) 0.77 (0.57, 1.04) 0.89 (0.64, 1.24) 0.88 (0.63, 1.24) 

Walk 0.65 (0.49, 0.87) 0.90 (0.67, 1.21) 0.89 (0.66, 1.19) 0.71 (0.49, 1.02) 0.68 (0.46, 1.00) 0.70 (0.47, 1.03) 

Cycle 1.04 (0.85, 1.26) 1.06 (0.86, 1.30) 1.06 (0.86, 1.30) 1.34 (0.82, 2.19) 1.37 (0.83, 2.25) 1.44 (0.87, 2.37) 

Age at baseline 0.96 (0.67, 1.37) 1.02 (0.71, 1.47) 1.03 (0.71, 1.48) 1.10 (1.09, 1.10) 1.19 (1.13, 1.25) 1.19 (1.13, 1.26) 

Age at baseline squared 1.09 (1.08, 1.09) 1.20 (1.16, 1.24) 1.20 (1.16, 1.24) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 0.65 (0.53, 0.80) 0.74 (0.60, 0.92) 0.75 (0.60, 0.93) 

Married 0.68 (0.60, 0.77) 0.73 (0.64, 0.84) 0.74 (0.65, 0.84) 2.15 (1.70, 2.72) 1.02 (0.79, 1.31) 1.05 (0.81, 1.35) 

Black minority ethnic 2.15 (1.87, 2.48) 1.03 (0.88, 1.20) 1.04 (0.89, 1.21) 0.74 (0.48, 1.15) 0.95 (0.61, 1.51) 0.95 (0.60, 1.51) 

Has access to a car 0.73 (0.56, 0.95) 0.89 (0.68, 1.17) 0.88 (0.66, 1.16) 0.94 (0.68, 1.28) 0.86 (0.60, 1.23) 0.87 (0.60, 1.27) 

Population density 2000+ persons/km2 1.01 (0.83, 1.24) 0.99 (0.79, 1.24) 1.02 (0.80, 1.29) 0.80 (0.65, 0.98) 0.90 (0.73, 1.11) 0.89 (0.71, 1.11) 

Has a long term illness at baseline 0.87 (0.77, 0.98) 1.00 (0.88, 1.13) 1.03 (0.89, 1.18) 1.72 (1.12, 2.65) 1.00 (0.64, 1.55) 1.00 (0.64, 1.55) 

Entered study 1991 1.42 (1.07, 1.89) 0.86 (0.65, 1.15) 0.86 (0.64, 1.15) 1.00 1.00 1.00 

Entered study 2001 1.00 1.00 1.00 0.52 (0.37, 0.72) 0.45 (0.32, 0.63) 0.44 (0.31, 0.62) 

Entered study 2011 0.49 (0.41, 0.59) 0.44 (0.37, 0.53) 0.44 (0.36, 0.53) 0.32 (0.18, 0.56) 0.17 (0.09, 0.31) 0.16 (0.09, 0.29) 

Has a degree 0.28 (0.20, 0.39) 0.16 (0.12, 0.23) 0.16 (0.11, 0.22) 0.90 (0.69, 1.18)   1.04 (0.77, 1.41) 

Non-home owner 0.85 (0.73, 1.00)   1.08 (0.90, 1.29) 0.89 (0.69, 1.16)   1.25 (0.94, 1.65) 

Socio-economic classification (NSSEC) 0.83 (0.71, 0.98)   1.14 (0.96, 1.35)    

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.08 (0.92, 1.27)   1.03 (0.86, 1.23) 1.06 (0.82, 1.38)   1.02 (0.78, 1.35) 

Routine/Manual 1.14 (0.99, 1.31)   1.01 (0.85, 1.19) 0.92 (0.73, 1.17)   0.79 (0.60, 1.03) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.87 (0.73, 1.04)   0.93 (0.77, 1.11) 0.90 (0.67, 1.21)   1.00 (0.74, 1.34) 

Mid-point 0.70 (0.58, 0.85)   0.80 (0.65, 0.97) 0.87 (0.64, 1.17)   1.07 (0.78, 1.45) 

Moderate deprivation 0.73 (0.61, 0.89)   0.89 (0.72, 1.09) 0.81 (0.59, 1.10)   1.10 (0.79, 1.53) 

Most deprived 0.74 (0.60, 0.90)   0.94 (0.75, 1.18) 0.72 (0.52, 1.01)   1.05 (0.71, 1.54) 
 Failures = 1,012 N=390,555 Failures = 381 N=391894 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-24: Cox regression analyses of commute mode and disaggregated cancer outcomes using the ONS Longitudinal Study 1991-2016 

  Breast cancer incidence Breast cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.76 (0.69, 0.83) 0.87 (0.78, 0.96) 0.88 (0.79, 0.97) 0.77 (0.62, 0.96) 0.79 (0.62, 1.00) 0.81 (0.63, 1.03) 

Walk 0.91 (0.82, 1.00) 0.82 (0.74, 0.91) 0.86 (0.77, 0.95) 1.02 (0.82, 1.26) 0.86 (0.69, 1.08) 0.91 (0.72, 1.15) 

Cycle 0.99 (0.79, 1.25) 0.88 (0.69, 1.10) 0.91 (0.72, 1.14) 0.85 (0.48, 1.50) 0.71 (0.40, 1.27) 0.75 (0.42, 1.33) 

Age at baseline 1.05 (1.05, 1.05) 1.20 (1.17, 1.22) 1.20 (1.17, 1.22) 1.06 (1.05, 1.07) 1.16 (1.12, 1.22) 1.16 (1.12, 1.22) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Married 1.77 (1.65, 1.90) 1.08 (1.00, 1.17) 1.08 (1.00, 1.17) 1.49 (1.27, 1.76) 0.94 (0.79, 1.12) 0.93 (0.78, 1.11) 

Black minority ethnic 0.66 (0.56, 0.77) 0.78 (0.67, 0.92) 0.79 (0.67, 0.92) 0.73 (0.51, 1.03) 0.86 (0.60, 1.23) 0.88 (0.61, 1.26) 

Has access to a car 1.15 (1.03, 1.28) 0.98 (0.86, 1.11) 0.95 (0.83, 1.07) 0.91 (0.73, 1.15) 0.87 (0.67, 1.14) 0.82 (0.62, 1.08) 

Population density 2000+ persons/km2 0.88 (0.82, 0.94) 1.01 (0.94, 1.08) 1.02 (0.95, 1.10) 0.94 (0.81, 1.10) 1.06 (0.90, 1.24) 1.11 (0.93, 1.32) 

Has a long term illness at baseline 1.17 (0.99, 1.38) 1.03 (0.87, 1.22) 1.04 (0.88, 1.23) 2.52 (1.90, 3.34) 2.03 (1.52, 2.71) 2.07 (1.55, 2.76) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.53 (0.48, 0.58) 0.52 (0.47, 0.57) 0.52 (0.48, 0.58) 0.60 (0.48, 0.75) 0.52 (0.42, 0.66) 0.53 (0.42, 0.67) 

Entered study 2011 0.28 (0.24, 0.34) 0.26 (0.22, 0.31) 0.26 (0.22, 0.32) 0.31 (0.20, 0.46) 0.23 (0.15, 0.34) 0.23 (0.15, 0.36) 

Has a degree 0.89 (0.82, 0.97)   1.00 (0.90, 1.10) 0.81 (0.66, 1.00)   0.95 (0.75, 1.20) 

Non-home owner 0.67 (0.61, 0.74)   0.96 (0.87, 1.06) 0.70 (0.56, 0.86)   0.89 (0.71, 1.13) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.05 (0.96, 1.14)   1.03 (0.94, 1.13) 1.15 (0.94, 1.40)   1.09 (0.88, 1.35) 

Routine/Manual 0.98 (0.91, 1.06)   0.90 (0.82, 0.99) 1.06 (0.87, 1.28)   0.92 (0.74, 1.14) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.91 (0.83, 1.01)   0.97 (0.88, 1.07) 0.89 (0.71, 1.11)   0.92 (0.73, 1.15) 

Mid-point 0.83 (0.75, 0.92)   0.93 (0.84, 1.04) 0.90 (0.71, 1.12)   0.96 (0.75, 1.21) 

Moderate deprivation 0.79 (0.71, 0.88)   0.95 (0.85, 1.07) 0.68 (0.53, 0.87)   0.76 (0.58, 0.99) 

Most deprived 0.71 (0.63, 0.79)   0.94 (0.82, 1.06) 0.75 (0.58, 0.97)   0.88 (0.66, 1.18) 
 Failures = 1,012 N=390,555 Failures = 638 N = 183,775 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-25: Cox regression analyses of commute mode and distance and mortality outcomes using the ONS Longitudinal Study 1991-2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus short 1.30 (1.17, 1.44) 1.10 (0.98, 1.23) 1.04 (0.92, 1.16) 1.31 (1.03, 1.67) 1.25 (0.96, 1.63) 1.18 (0.90, 1.53) 

Bus long 1.06 (0.94, 1.19) 1.02 (0.90, 1.16) 0.98 (0.87, 1.11) 1.00 (0.75, 1.32) 1.02 (0.76, 1.36) 0.97 (0.72, 1.30) 
Rail short 0.74 (0.64, 0.85) 0.92 (0.79, 1.06) 0.96 (0.83, 1.11) 0.67 (0.48, 0.93) 0.84 (0.60, 1.20) 0.89 (0.63, 1.26) 

Rail long 0.58 (0.50, 0.68) 0.74 (0.63, 0.87) 0.81 (0.69, 0.95) 0.44 (0.29, 0.67) 0.56 (0.37, 0.86) 0.64 (0.42, 0.97) 

Walk short 1.29 (1.18, 1.41) 1.08 (0.98, 1.19) 1.02 (0.93, 1.12) 1.16 (0.93, 1.44) 1.10 (0.88, 1.37) 1.03 (0.82, 1.29) 
Walk long 1.05 (0.94, 1.16) 1.02 (0.92, 1.14) 0.96 (0.86, 1.07) 0.89 (0.69, 1.15) 0.96 (0.73, 1.25) 0.90 (0.69, 1.17) 

Cycle short 0.99 (0.82, 1.20) 0.88 (0.73, 1.06) 0.84 (0.70, 1.02) 0.85 (0.53, 1.35) 0.75 (0.47, 1.19) 0.71 (0.44, 1.13) 

Cycle long 0.84 (0.68, 1.03) 0.82 (0.67, 1.01) 0.81 (0.66, 1.00) 0.88 (0.55, 1.40) 0.82 (0.51, 1.31) 0.81 (0.51, 1.30) 

Age at baseline 1.10 (1.09, 1.10) 1.10 (1.08, 1.11) 1.09 (1.08, 1.11) 1.12 (1.11, 1.12) 1.16 (1.13, 1.20) 1.16 (1.12, 1.19) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 0.64 (0.61, 0.67) 0.63 (0.60, 0.66) 0.64 (0.61, 0.68) 0.34 (0.30, 0.38) 0.33 (0.29, 0.38) 0.34 (0.30, 0.39) 

Married 1.35 (1.29, 1.42) 0.79 (0.75, 0.83) 0.82 (0.77, 0.86) 1.47 (1.32, 1.65) 0.74 (0.66, 0.84) 0.77 (0.68, 0.87) 

Black minority ethnic 0.59 (0.53, 0.65) 0.69 (0.62, 0.76) 0.69 (0.62, 0.76) 0.78 (0.63, 0.96) 0.93 (0.75, 1.16) 0.94 (0.75, 1.17) 
Has access to a car 0.55 (0.52, 0.59) 0.59 (0.55, 0.64) 0.66 (0.61, 0.71) 0.55 (0.47, 0.63) 0.57 (0.48, 0.68) 0.66 (0.55, 0.79) 

Population density 2000+ persons/km2 0.94 (0.90, 0.98) 1.05 (1.00, 1.10) 1.00 (0.95, 1.05) 0.95 (0.86, 1.06) 1.05 (0.94, 1.18) 0.96 (0.85, 1.09) 

Has a long term illness at baseline 3.82 (3.61, 4.05) 1.99 (1.87, 2.11) 1.94 (1.82, 2.06) 4.38 (3.85, 4.98) 2.08 (1.82, 2.38) 2.01 (1.75, 2.30) 

Entered study 2001 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2011 0.82 (0.75, 0.88) 0.46 (0.43, 0.51) 0.45 (0.41, 0.49) 0.85 (0.70, 1.03) 0.39 (0.31, 0.48) 0.37 (0.30, 0.46) 

Has a degree 0.57 (0.54, 0.61)   0.83 (0.78, 0.89) 0.49 (0.42, 0.57)   0.75 (0.64, 0.89) 

Non-home owner 1.11 (1.05, 1.17)   1.25 (1.18, 1.33) 1.15 (1.01, 1.30)   1.29 (1.12, 1.49) 

Managerial NSSEC  1.00   1.00 1.00   1.00 

Intermediate NSSEC 1.28 (1.20, 1.37)   1.05 (0.98, 1.12) 1.30 (1.11, 1.52)   1.04 (0.88, 1.23) 
Routine/Manual NSSEC 1.61 (1.53, 1.70)   1.13 (1.06, 1.20) 1.76 (1.56, 2.00)   1.13 (0.98, 1.30) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.03 (0.96, 1.11)   1.04 (0.97, 1.12) 1.29 (1.09, 1.53)   1.31 (1.10, 1.55) 

Mid-point 1.03 (0.96, 1.11)   1.06 (0.98, 1.14) 1.24 (1.04, 1.48)   1.30 (1.09, 1.56) 
Moderate deprivation 1.07 (1.00, 1.15)   1.12 (1.03, 1.21) 1.27 (1.06, 1.51)   1.33 (1.10, 1.61) 

Most deprived 1.08 (1.00, 1.17)   1.14 (1.04, 1.24) 1.32 (1.10, 1.58)   1.36 (1.10, 1.67) 
 Failures = 7, 146 N = 304,125 Failures = 1,327 N = 304,125 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-26: Cox regression analyses of commute mode and distance and cancer outcomes using the ONS Longitudinal Study 1991-2016 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus short 0.92 (0.84, 1.01) 0.95 (0.87, 1.05) 0.95 (0.86, 1.04) 1.15 (0.98, 1.35) 1.02 (0.86, 1.21) 0.97 (0.82, 1.15) 

Bus long 0.81 (0.73, 0.89) 0.98 (0.89, 1.09) 0.98 (0.88, 1.08) 0.94 (0.79, 1.12) 0.99 (0.83, 1.20) 0.96 (0.80, 1.15) 
Rail short 0.60 (0.53, 0.67) 0.93 (0.83, 1.04) 0.93 (0.83, 1.04) 0.66 (0.54, 0.82) 0.97 (0.78, 1.20) 0.99 (0.79, 1.22) 

Rail long 0.64 (0.57, 0.71) 0.88 (0.79, 0.98) 0.88 (0.79, 0.98) 0.58 (0.46, 0.72) 0.81 (0.64, 1.01) 0.86 (0.68, 1.08) 

Walk short 1.06 (0.99, 1.14) 0.93 (0.86, 1.00) 0.93 (0.86, 1.00) 1.34 (1.18, 1.52) 1.10 (0.96, 1.25) 1.05 (0.92, 1.20) 
Walk long 0.79 (0.72, 0.86) 0.86 (0.79, 0.94) 0.86 (0.79, 0.94) 1.00 (0.86, 1.17) 1.00 (0.86, 1.17) 0.96 (0.82, 1.13) 

Cycle short 0.86 (0.74, 0.99) 0.89 (0.77, 1.03) 0.90 (0.77, 1.04) 0.97 (0.74, 1.28) 0.92 (0.70, 1.21) 0.90 (0.69, 1.19) 

Cycle long 0.79 (0.67, 0.92) 0.97 (0.83, 1.13) 0.97 (0.83, 1.14) 0.84 (0.62, 1.13) 0.94 (0.70, 1.27) 0.95 (0.70, 1.28) 

Age at baseline 1.08 (1.07, 1.08) 1.13 (1.12, 1.14) 1.13 (1.12, 1.14) 1.10 (1.09, 1.10) 1.18 (1.16, 1.21) 1.18 (1.16, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 1.07 (1.03, 1.11) 1.13 (1.09, 1.17) 1.13 (1.09, 1.17) 0.88 (0.82, 0.94) 0.90 (0.84, 0.97) 0.91 (0.85, 0.98) 

Married 1.82 (1.76, 1.89) 1.01 (0.97, 1.05) 1.01 (0.97, 1.06) 1.80 (1.68, 1.94) 0.99 (0.91, 1.07) 1.01 (0.93, 1.09) 

Black minority ethnic 0.47 (0.43, 0.51) 0.57 (0.52, 0.62) 0.56 (0.52, 0.61) 0.46 (0.39, 0.55) 0.56 (0.48, 0.67) 0.56 (0.47, 0.66) 
Has access to a car 1.14 (1.08, 1.22) 0.99 (0.92, 1.06) 1.00 (0.93, 1.07) 0.71 (0.65, 0.79) 0.68 (0.60, 0.76) 0.73 (0.65, 0.82) 

Population density 2000+ persons/km2 0.81 (0.79, 0.84) 0.98 (0.95, 1.02) 0.98 (0.94, 1.02) 0.89 (0.84, 0.96) 1.06 (0.99, 1.13) 1.01 (0.94, 1.09) 

Has a long term illness at baseline 1.66 (1.57, 1.76) 1.04 (0.98, 1.11) 1.04 (0.98, 1.11) 2.85 (2.60, 3.12) 1.56 (1.42, 1.71) 1.53 (1.39, 1.68) 

Entered study 2001 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2011 0.56 (0.53, 0.59) 0.50 (0.47, 0.53) 0.50 (0.46, 0.53) 0.60 (0.53, 0.67) 0.40 (0.36, 0.46) 0.40 (0.35, 0.45) 

Has a degree 0.79 (0.76, 0.83)   0.96 (0.92, 1.01) 0.61 (0.56, 0.66)   0.85 (0.77, 0.94) 

Non-home owner 0.70 (0.66, 0.73)   1.02 (0.97, 1.07) 0.87 (0.80, 0.95)   1.16 (1.06, 1.27) 

Managerial NSSEC  1.00   1.00 1.00   1.00 

Intermediate NSSEC 1.14 (1.09, 1.20)   1.01 (0.96, 1.06) 1.28 (1.17, 1.40)   1.03 (0.93, 1.13) 
Routine/Manual NSSEC 1.11 (1.06, 1.15)   0.98 (0.93, 1.02) 1.45 (1.34, 1.56)   1.05 (0.96, 1.15) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.93 (0.88, 0.98)   0.99 (0.94, 1.04) 0.93 (0.84, 1.03)   0.96 (0.87, 1.07) 

Mid-point 0.82 (0.77, 0.86)   0.93 (0.88, 0.98) 0.90 (0.81, 1.00)   0.97 (0.87, 1.08) 
Moderate deprivation 0.83 (0.79, 0.88)   1.03 (0.98, 1.10) 0.94 (0.85, 1.05)   1.08 (0.97, 1.21) 

Most deprived 0.71 (0.67, 0.76)   1.01 (0.95, 1.08) 0.91 (0.82, 1.02)   1.13 (1.00, 1.28) 
 Failures = 12,864 N = 300,709 Failures = 3,464 N = 304,125 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-27: Cox regression analyses of commute mode mortality using the ONS Longitudinal Study 2001-2011 with sequential adjustment to explore the impact of 
covariates including self-reported health 

  All-cause mortality 
  Unadjusted     Maximally Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 

Public Transport 0.91 (0.84, 0.99) 0.91 (0.83, 1.00) 0.92 (0.84, 1.01) 0.92 (0.84, 1.01) 0.93 (0.84, 1.02) 

Walk 1.23 (1.13, 1.34) 1.08 (0.98, 1.18) 1.01 (0.92, 1.11) 1.02 (0.93, 1.11) 1.02 (0.93, 1.12) 

Cycle 0.95 (0.80, 1.12) 0.81 (0.69, 0.97) 0.79 (0.67, 0.94) 0.80 (0.68, 0.95) 0.81 (0.68, 0.96) 

Age at baseline 1.09 (1.09, 1.09) 1.14 (1.12, 1.15) 1.14 (1.12, 1.15) 1.14 (1.12, 1.15) 1.13 (1.11, 1.15) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.60 (0.57, 0.64) 0.59 (0.55, 0.63) 0.60 (0.56, 0.64) 0.60 (0.56, 0.64) 0.60 (0.56, 0.64) 

Married 1.39 (1.31, 1.47) 0.77 (0.72, 0.82) 0.79 (0.74, 0.84) 0.79 (0.74, 0.84) 0.79 (0.74, 0.85) 

Black minority ethnic 0.66 (0.58, 0.75) 0.71 (0.62, 0.82) 0.73 (0.63, 0.83) 0.73 (0.63, 0.83) 0.72 (0.63, 0.83) 

Has access to a car 0.54 (0.50, 0.58) 0.53 (0.49, 0.58) 0.61 (0.55, 0.67) 0.61 (0.56, 0.68) 0.62 (0.57, 0.69) 

Population density 2000+ persons/km2 0.97 (0.92, 1.03) 1.06 (1.00, 1.12) 1.01 (0.95, 1.07) 1.01 (0.95, 1.08) 1.01 (0.95, 1.08) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.55 (0.52, 0.59) 0.48 (0.45, 0.51) 0.46 (0.44, 0.50) 0.44 (0.41, 0.47) 0.44 (0.41, 0.47) 

Has a degree 0.57 (0.53, 0.62)   0.80 (0.73, 0.87) 0.80 (0.74, 0.88) 0.81 (0.74, 0.88) 

Non-home owner 1.20 (1.12, 1.28)   1.27 (1.18, 1.37) 1.25 (1.16, 1.35) 1.23 (1.14, 1.33) 

Socio-economic classification (NSSEC)      

Higher 1.00   1.00 1.00 1.00 

Intermediate 1.27 (1.17, 1.37)   1.04 (0.96, 1.13) 1.04 (0.95, 1.13) 1.03 (0.95, 1.12) 

Routine/Manual 1.58 (1.49, 1.69)   1.16 (1.08, 1.25) 1.15 (1.07, 1.24) 1.15 (1.07, 1.24) 

Carstairs Deprivation Index Quintile      

Least deprived 1.00   1.00 1.00 1.00 

Next least deprived 1.03 (0.95, 1.13)   1.04 (0.95, 1.13) 1.04 (0.95, 1.13) 1.03 (0.95, 1.13) 

Mid-point 1.03 (0.94, 1.12)   1.04 (0.95, 1.14) 1.04 (0.95, 1.13) 1.03 (0.94, 1.12) 

Moderate deprivation 1.10 (1.01, 1.20)   1.13 (1.03, 1.24) 1.11 (1.01, 1.22) 1.10 (1.00, 1.21) 

Most deprived 1.12 (1.02, 1.22)   1.13 (1.02, 1.25) 1.12 (1.01, 1.24) 1.10 (0.99, 1.22) 

Has a long term illness at baseline       1.84 (1.67, 2.04) 1.50 (1.35, 1.66) 

Health is not good or fairly good         2.19 (1.99, 2.40) 

Failures=4,963 N=207,481 
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Appendix Table A-28: Cox regression analyses of commute mode and mortality outcomes using the ONS Longitudinal Study 1991-2016, excluded the first 2 years of follow-
up in each 10 year period 

 All-cause mortality  CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Public Transport 1.01 (0.96, 1.06) 0.99 (0.94, 1.05) 0.99 (0.93, 1.04) 0.94 (0.85, 1.05) 0.91 (0.81, 1.03) 0.90 (0.79, 1.02) 

Walk 1.19 (1.12, 1.25) 1.05 (0.99, 1.11) 0.99 (0.93, 1.05) 1.07 (0.95, 1.20) 1.01 (0.88, 1.14) 0.92 (0.81, 1.05) 
Cycle 0.94 (0.85, 1.05) 0.83 (0.75, 0.93) 0.80 (0.72, 0.90) 0.95 (0.76, 1.19) 0.80 (0.64, 1.01) 0.75 (0.60, 0.95) 

Age at baseline 1.09 (1.09, 1.09) 1.12 (1.12, 1.13) 1.12 (1.11, 1.13) 1.11 (1.11, 1.11) 1.20 (1.17, 1.22) 1.19 (1.17, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.59 (0.57, 0.62) 0.60 (0.58, 0.63) 0.61 (0.58, 0.63) 0.33 (0.30, 0.36) 0.34 (0.31, 0.38) 0.35 (0.32, 0.38) 
Married 1.43 (1.37, 1.48) 0.78 (0.75, 0.82) 0.81 (0.77, 0.84) 1.60 (1.47, 1.74) 0.77 (0.70, 0.84) 0.80 (0.73, 0.88) 

Black minority ethnic 0.61 (0.56, 0.67) 0.69 (0.63, 0.75) 0.68 (0.62, 0.75) 0.82 (0.69, 0.96) 0.92 (0.78, 1.09) 0.91 (0.76, 1.08) 

Has access to a car 0.55 (0.52, 0.58) 0.61 (0.58, 0.64) 0.69 (0.65, 0.73) 0.51 (0.46, 0.56) 0.55 (0.48, 0.61) 0.66 (0.58, 0.74) 

Population density 2000+ persons/km2 0.99 (0.96, 1.03) 1.06 (1.02, 1.10) 1.00 (0.96, 1.04) 1.07 (0.99, 1.15) 1.11 (1.03, 1.20) 0.99 (0.91, 1.08) 
Has a long term illness at baseline 3.29 (3.10, 3.49) 1.89 (1.78, 2.01) 1.84 (1.73, 1.95) 4.23 (3.77, 4.74) 2.19 (1.95, 2.47) 2.12 (1.88, 2.38) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.52 (0.49, 0.56) 0.42 (0.40, 0.45) 0.42 (0.39, 0.44) 0.44 (0.38, 0.51) 0.32 (0.28, 0.37) 0.31 (0.27, 0.36) 

Entered study 2011 0.42 (0.38, 0.46) 0.19 (0.17, 0.21) 0.18 (0.16, 0.20) 0.40 (0.31, 0.51) 0.13 (0.10, 0.17) 0.12 (0.10, 0.16) 

Has a degree 0.57 (0.54, 0.60)   0.81 (0.76, 0.86) 0.48 (0.42, 0.55)   0.75 (0.65, 0.87) 
Non-home owner 1.25 (1.19, 1.30)   1.27 (1.21, 1.33) 1.39 (1.27, 1.52)   1.32 (1.20, 1.46) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.24 (1.18, 1.31)   1.10 (1.04, 1.16) 1.24 (1.10, 1.39)   1.09 (0.97, 1.23) 
Routine/Manual 1.60 (1.53, 1.67)   1.18 (1.12, 1.24) 1.88 (1.71, 2.06)   1.27 (1.15, 1.42) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00  1.00 1.00  1.00 

Next least deprived 1.01 (0.96, 1.07)  1.02 (0.96, 1.08) 1.23 (1.08, 1.39)  1.23 (1.08, 1.39) 
Mid-point 1.05 (0.99, 1.11)  1.07 (1.01, 1.14) 1.29 (1.14, 1.46)  1.32 (1.16, 1.50) 

Moderate deprivation 1.06 (1.00, 1.12)  1.10 (1.04, 1.17) 1.33 (1.17, 1.51)  1.37 (1.20, 1.56) 

Most deprived 1.15 (1.08, 1.22)  1.17 (1.09, 1.25) 1.53 (1.35, 1.74)  1.49 (1.29, 1.72) 
 Failures=11,893 N=390,772 Failures=2,618 N = 390,772 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-29: NSSEC Stratified – Managerial - Cox regression analyses of commute mode and mortality outcomes from the ONS Longitudinal Study 1991-2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.14 (0.99, 1.31) 1.00 (0.86, 1.17) 0.95 (0.82, 1.11) 1.20 (0.89, 1.61) 1.13 (0.81, 1.58) 1.08 (0.77, 1.50) 

Rail 0.66 (0.58, 0.74) 0.75 (0.66, 0.85) 0.76 (0.67, 0.86) 0.49 (0.36, 0.66) 0.52 (0.38, 0.72) 0.54 (0.40, 0.74) 

Walk 1.10 (0.97, 1.24) 1.03 (0.90, 1.18) 0.98 (0.86, 1.12) 0.92 (0.68, 1.23) 0.90 (0.66, 1.24) 0.86 (0.63, 1.18) 
Cycle 0.64 (0.49, 0.83) 0.70 (0.54, 0.91) 0.71 (0.55, 0.92) 0.73 (0.43, 1.24) 0.78 (0.46, 1.34) 0.80 (0.47, 1.37) 

Age at baseline 1.09 (1.09, 1.10) 1.13 (1.12, 1.15) 1.13 (1.12, 1.15) 1.11 (1.11, 1.12) 1.19 (1.15, 1.23) 1.19 (1.15, 1.23) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.59 (0.55, 0.63) 0.64 (0.60, 0.69) 0.65 (0.60, 0.70) 0.24 (0.19, 0.29) 0.27 (0.22, 0.32) 0.27 (0.22, 0.33) 
Married 1.44 (1.35, 1.55) 0.80 (0.74, 0.86) 0.82 (0.76, 0.89) 1.80 (1.53, 2.11) 0.82 (0.69, 0.98) 0.85 (0.71, 1.01) 

Black minority ethnic 0.71 (0.61, 0.82) 0.81 (0.70, 0.94) 0.80 (0.68, 0.92) 0.76 (0.55, 1.04) 0.89 (0.64, 1.22) 0.86 (0.62, 1.20) 

Has access to a car 0.60 (0.54, 0.67) 0.53 (0.47, 0.60) 0.59 (0.52, 0.67) 0.58 (0.46, 0.73) 0.46 (0.35, 0.61) 0.52 (0.39, 0.69) 

Population density 2000+ persons/km2 0.91 (0.85, 0.97) 1.06 (1.00, 1.14) 0.99 (0.92, 1.06) 0.97 (0.84, 1.11) 1.17 (1.02, 1.36) 1.04 (0.89, 1.22) 
Has a long term illness at baseline 3.94 (3.54, 4.38) 2.35 (2.11, 2.63) 2.29 (2.05, 2.56) 5.06 (4.10, 6.25) 2.74 (2.19, 3.42) 2.66 (2.13, 3.32) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.51 (0.46, 0.56) 0.41 (0.38, 0.46) 0.41 (0.37, 0.45) 0.37 (0.29, 0.48) 0.29 (0.22, 0.37) 0.29 (0.22, 0.37) 

Entered study 2011 0.41 (0.35, 0.48) 0.19 (0.16, 0.22) 0.18 (0.15, 0.21) 0.42 (0.29, 0.63) 0.15 (0.10, 0.22) 0.14 (0.09, 0.22) 

Has a degree 0.67 (0.63, 0.72)   0.81 (0.75, 0.86) 0.60 (0.51, 0.70)   0.77 (0.66, 0.90) 
Non-home owner 0.97 (0.88, 1.06)   1.25 (1.13, 1.38) 0.91 (0.74, 1.12)   1.18 (0.94, 1.48) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.03 (0.94, 1.13)   1.09 (1.00, 1.19) 1.19 (0.98, 1.45)   1.27 (1.04, 1.55) 
Mid-point 0.98 (0.89, 1.07)   1.12 (1.01, 1.23) 1.15 (0.93, 1.41)   1.35 (1.09, 1.67) 

Moderate deprivation 0.94 (0.85, 1.04)   1.15 (1.04, 1.29) 0.98 (0.78, 1.23)   1.26 (0.99, 1.61) 

Most deprived 1.10 (0.99, 1.22)   1.39 (1.23, 1.57) 1.30 (1.03, 1.63)   1.72 (1.32, 2.24) 

 Failures = 3,833 N = 166,469 Failures = 794 N = 166,469 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-30: NSSEC Stratified – Managerial - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-2015/16 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.81 (0.72, 0.91) 0.95 (0.84, 1.08) 0.94 (0.83, 1.07) 0.89 (0.71, 1.11) 0.85 (0.67, 1.08) 0.81 (0.64, 1.03) 

Rail 0.64 (0.59, 0.70) 0.91 (0.83, 1.00) 0.92 (0.84, 1.00) 0.63 (0.53, 0.75) 0.82 (0.69, 0.98) 0.84 (0.70, 1.00) 

Walk 0.82 (0.74, 0.91) 0.89 (0.80, 0.99) 0.89 (0.80, 0.99) 1.05 (0.88, 1.26) 1.03 (0.86, 1.25) 0.99 (0.82, 1.20) 

Cycle 0.72 (0.60, 0.85) 0.93 (0.78, 1.10) 0.93 (0.78, 1.11) 0.69 (0.48, 0.98) 0.84 (0.59, 1.19) 0.86 (0.60, 1.22) 

Age at baseline 1.07 (1.07, 1.07) 1.13 (1.12, 1.15) 1.13 (1.12, 1.15) 1.09 (1.09, 1.09) 1.19 (1.16, 1.21) 1.19 (1.16, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.03 (0.99, 1.08) 1.21 (1.15, 1.27) 1.21 (1.15, 1.27) 0.83 (0.76, 0.91) 0.97 (0.89, 1.07) 0.98 (0.89, 1.08) 

Married 1.80 (1.71, 1.89) 1.02 (0.96, 1.08) 1.02 (0.96, 1.08) 1.82 (1.64, 2.01) 0.98 (0.88, 1.10) 1.00 (0.90, 1.12) 

Black minority ethnic 0.50 (0.44, 0.56) 0.62 (0.55, 0.70) 0.62 (0.55, 0.70) 0.69 (0.56, 0.84) 0.83 (0.67, 1.02) 0.81 (0.65, 1.00) 

Has access to a car 1.30 (1.17, 1.44) 0.95 (0.84, 1.06) 0.95 (0.85, 1.07) 0.82 (0.70, 0.97) 0.63 (0.52, 0.77) 0.69 (0.56, 0.84) 

Population density 2000+ persons/km2 0.77 (0.73, 0.81) 0.97 (0.92, 1.01) 0.95 (0.90, 1.00) 0.85 (0.78, 0.93) 1.05 (0.95, 1.15) 0.96 (0.86, 1.06) 

Has a long term illness at baseline 1.48 (1.32, 1.67) 1.13 (1.00, 1.27) 1.12 (1.00, 1.27) 2.78 (2.34, 3.31) 1.83 (1.53, 2.19) 1.79 (1.50, 2.14) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.45 (0.42, 0.48) 0.43 (0.40, 0.46) 0.43 (0.40, 0.46) 0.49 (0.43, 0.56) 0.41 (0.36, 0.47) 0.41 (0.36, 0.47) 

Entered study 2011 0.25 (0.22, 0.28) 0.19 (0.16, 0.21) 0.19 (0.16, 0.21) 0.26 (0.20, 0.34) 0.14 (0.10, 0.18) 0.14 (0.10, 0.18) 

Has a degree 0.83 (0.79, 0.88)   0.95 (0.90, 1.00) 0.68 (0.61, 0.75)   0.81 (0.73, 0.89) 

Non-home owner 0.57 (0.53, 0.62)   0.95 (0.87, 1.03) 0.73 (0.63, 0.84)   1.07 (0.92, 1.25) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.96 (0.90, 1.02)   1.05 (0.99, 1.12) 0.98 (0.86, 1.11)   1.06 (0.93, 1.20) 

Mid-point 0.83 (0.78, 0.89)   1.00 (0.93, 1.07) 0.93 (0.81, 1.06)   1.10 (0.96, 1.27) 

Moderate deprivation 0.78 (0.73, 0.84)   1.06 (0.98, 1.15) 0.88 (0.76, 1.02)   1.17 (1.00, 1.36) 

Most deprived 0.71 (0.65, 0.77)   1.13 (1.03, 1.24) 1.02 (0.88, 1.19)   1.50 (1.27, 1.78) 
 Failures = 7,118 N = 165,297 Failures = 1,897 N = 166469 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-31: NSSEC Stratified – Intermediate - Cox regression analyses of commute mode and mortality outcomes from the ONS Longitudinal Study 1991-2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.97 (0.86, 1.10) 1.09 (0.95, 1.25) 1.06 (0.92, 1.22) 0.85 (0.64, 1.12) 1.20 (0.87, 1.65) 1.16 (0.84, 1.60) 

Rail 0.72 (0.62, 0.84) 0.89 (0.76, 1.04) 0.90 (0.77, 1.06) 0.65 (0.46, 0.91) 0.86 (0.60, 1.22) 0.88 (0.62, 1.25) 

Walk 1.18 (1.05, 1.32) 1.15 (1.03, 1.30) 1.13 (1.00, 1.27) 1.04 (0.80, 1.34) 1.15 (0.88, 1.51) 1.12 (0.86, 1.46) 
Cycle 0.81 (0.61, 1.07) 0.83 (0.62, 1.11) 0.84 (0.63, 1.12) 0.77 (0.41, 1.44) 0.85 (0.45, 1.60) 0.87 (0.46, 1.63) 

Age at baseline 1.09 (1.08, 1.09) 1.10 (1.09, 1.12) 1.11 (1.09, 1.12) 1.11 (1.10, 1.12) 1.18 (1.14, 1.22) 1.18 (1.14, 1.23) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 0.52 (0.49, 0.56) 0.59 (0.55, 0.64) 0.61 (0.56, 0.65) 0.26 (0.22, 0.31) 0.31 (0.25, 0.37) 0.31 (0.26, 0.38) 
Married 1.43 (1.33, 1.54) 0.79 (0.73, 0.86) 0.82 (0.76, 0.89) 1.69 (1.43, 1.99) 0.78 (0.66, 0.93) 0.81 (0.68, 0.97) 

Black minority ethnic 0.66 (0.57, 0.77) 0.79 (0.68, 0.93) 0.77 (0.66, 0.91) 0.96 (0.71, 1.29) 1.17 (0.86, 1.59) 1.11 (0.81, 1.52) 

Has access to a car 0.61 (0.55, 0.67) 0.65 (0.58, 0.74) 0.73 (0.65, 0.83) 0.65 (0.52, 0.81) 0.67 (0.51, 0.87) 0.73 (0.55, 0.97) 

Population density 2000+ persons/km2 0.95 (0.89, 1.02) 1.05 (0.98, 1.13) 0.99 (0.92, 1.08) 0.93 (0.80, 1.07) 1.00 (0.86, 1.17) 0.89 (0.75, 1.05) 
Has a long term illness at baseline 3.96 (3.57, 4.40) 2.22 (1.99, 2.47) 2.16 (1.93, 2.41) 5.05 (4.10, 6.23) 2.46 (1.98, 3.07) 2.41 (1.93, 3.01) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.51 (0.45, 0.57) 0.38 (0.34, 0.42) 0.37 (0.33, 0.41) 0.44 (0.33, 0.57) 0.28 (0.21, 0.37) 0.27 (0.21, 0.36) 

Entered study 2011 0.51 (0.43, 0.59) 0.19 (0.16, 0.22) 0.17 (0.15, 0.21) 0.57 (0.38, 0.85) 0.14 (0.09, 0.22) 0.14 (0.09, 0.21) 

Has a degree 0.68 (0.60, 0.77)   0.88 (0.77, 1.00) 0.71 (0.53, 0.95)   0.92 (0.69, 1.24) 
Non-home owner 1.17 (1.08, 1.28)   1.39 (1.27, 1.53) 1.03 (0.84, 1.26)   1.17 (0.94, 1.45) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.92 (0.83, 1.02)   0.96 (0.86, 1.06) 1.31 (1.04, 1.65)   1.37 (1.09, 1.72) 
Mid-point 0.96 (0.86, 1.06)   1.06 (0.95, 1.18) 1.11 (0.87, 1.42)   1.29 (1.00, 1.65) 

Moderate deprivation 0.98 (0.88, 1.09)   1.12 (1.00, 1.25) 1.39 (1.10, 1.77)   1.68 (1.31, 2.16) 

Most deprived 0.99 (0.88, 1.11)   1.15 (1.01, 1.31) 1.28 (0.99, 1.65)   1.57 (1.18, 2.10) 

 Failures = 3,277 N = 124,800 Failures = 690 N = 124,800 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-32: NSSEC Stratified – Intermediate - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-2015/16 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.80 (0.72, 0.90) 0.93 (0.83, 1.04) 0.92 (0.82, 1.04) 0.94 (0.79, 1.13) 1.05 (0.86, 1.28) 1.03 (0.84, 1.26) 

Rail 0.61 (0.54, 0.69) 0.85 (0.75, 0.97) 0.85 (0.75, 0.97) 0.59 (0.47, 0.75) 0.81 (0.64, 1.03) 0.82 (0.64, 1.04) 

Walk 1.07 (0.97, 1.17) 1.04 (0.94, 1.14) 1.03 (0.94, 1.13) 1.21 (1.03, 1.42) 1.17 (0.99, 1.37) 1.14 (0.97, 1.35) 

Cycle 0.71 (0.56, 0.91) 0.80 (0.63, 1.01) 0.80 (0.63, 1.01) 0.78 (0.52, 1.18) 0.85 (0.56, 1.29) 0.86 (0.57, 1.30) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.12, 1.15) 1.14 (1.12, 1.15) 1.09 (1.08, 1.09) 1.19 (1.16, 1.21) 1.19 (1.16, 1.22) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.00 (0.95, 1.06) 1.16 (1.09, 1.22) 1.16 (1.10, 1.23) 0.72 (0.66, 0.80) 0.84 (0.76, 0.93) 0.86 (0.77, 0.95) 

Married 1.81 (1.71, 1.93) 1.00 (0.94, 1.06) 1.01 (0.95, 1.08) 1.80 (1.62, 2.01) 0.95 (0.84, 1.06) 0.98 (0.87, 1.10) 

Black minority ethnic 0.45 (0.39, 0.52) 0.56 (0.48, 0.64) 0.55 (0.48, 0.64) 0.46 (0.35, 0.59) 0.58 (0.44, 0.75) 0.57 (0.44, 0.75) 

Has access to a car 1.11 (1.00, 1.24) 0.99 (0.88, 1.11) 1.03 (0.92, 1.16) 0.77 (0.65, 0.90) 0.75 (0.62, 0.91) 0.84 (0.69, 1.01) 

Population density 2000+ persons/km2 0.82 (0.78, 0.87) 0.99 (0.93, 1.05) 0.99 (0.93, 1.05) 0.91 (0.83, 1.00) 1.08 (0.97, 1.19) 1.05 (0.94, 1.17) 

Has a long term illness at baseline 1.50 (1.33, 1.70) 1.04 (0.92, 1.18) 1.03 (0.91, 1.17) 2.78 (2.34, 3.29) 1.68 (1.41, 2.01) 1.64 (1.38, 1.96) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.52 (0.48, 0.57) 0.47 (0.44, 0.51) 0.47 (0.43, 0.51) 0.48 (0.41, 0.57) 0.37 (0.32, 0.44) 0.36 (0.31, 0.43) 

Entered study 2011 0.37 (0.33, 0.43) 0.25 (0.22, 0.29) 0.24 (0.21, 0.28) 0.33 (0.26, 0.43) 0.14 (0.11, 0.19) 0.14 (0.10, 0.18) 

Has a degree 0.76 (0.69, 0.84)   0.99 (0.90, 1.09) 0.63 (0.52, 0.76)   0.86 (0.71, 1.04) 

Non-home owner 0.78 (0.72, 0.84)   1.16 (1.07, 1.26) 1.00 (0.88, 1.14)   1.41 (1.22, 1.62) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.90 (0.83, 0.97)   0.96 (0.88, 1.03) 0.83 (0.72, 0.95)   0.87 (0.76, 1.01) 

Mid-point 0.83 (0.76, 0.90)   0.96 (0.89, 1.05) 0.90 (0.78, 1.03)   1.02 (0.88, 1.18) 

Moderate deprivation 0.80 (0.74, 0.87)   1.03 (0.94, 1.13) 0.84 (0.72, 0.97)   1.02 (0.87, 1.20) 

Most deprived 0.67 (0.61, 0.73)   0.97 (0.87, 1.08) 0.78 (0.66, 0.92)   1.02 (0.85, 1.23) 
 Failures = 5,150 N = 123,836 Failures = 1,609 N = 124, 800 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-33: NSSEC Stratified – Routine and Manual - Cox regression analyses of commute mode and mortality outcomes from the ONS Longitudinal Study 1991-
2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.16 (1.08, 1.24) 1.05 (0.97, 1.14) 1.03 (0.95, 1.11) 1.01 (0.87, 1.17) 0.94 (0.79, 1.11) 0.90 (0.76, 1.06) 

Rail 1.13 (0.99, 1.28) 1.10 (0.96, 1.25) 1.10 (0.96, 1.25) 1.18 (0.92, 1.52) 1.04 (0.80, 1.34) 1.03 (0.79, 1.33) 
Walk 1.04 (0.98, 1.11) 0.98 (0.91, 1.05) 0.96 (0.90, 1.04) 0.86 (0.75, 0.99) 0.89 (0.77, 1.04) 0.87 (0.74, 1.01) 

Cycle 0.96 (0.86, 1.08) 0.83 (0.73, 0.93) 0.83 (0.73, 0.93) 0.86 (0.68, 1.10) 0.74 (0.58, 0.94) 0.73 (0.57, 0.94) 

Age at baseline 1.09 (1.09, 1.09) 1.12 (1.11, 1.13) 1.12 (1.11, 1.13) 1.11 (1.10, 1.11) 1.20 (1.17, 1.24) 1.20 (1.17, 1.24) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 0.62 (0.59, 0.66) 0.56 (0.53, 0.59) 0.57 (0.54, 0.60) 0.38 (0.34, 0.43) 0.36 (0.32, 0.40) 0.37 (0.33, 0.41) 

Married 1.46 (1.39, 1.53) 0.78 (0.74, 0.83) 0.80 (0.76, 0.85) 1.69 (1.52, 1.87) 0.80 (0.71, 0.89) 0.83 (0.74, 0.93) 

Black minority ethnic 0.59 (0.52, 0.66) 0.64 (0.57, 0.72) 0.65 (0.58, 0.73) 0.81 (0.66, 0.99) 0.90 (0.73, 1.11) 0.90 (0.73, 1.12) 

Has access to a car 0.59 (0.56, 0.62) 0.68 (0.63, 0.72) 0.72 (0.67, 0.77) 0.59 (0.53, 0.66) 0.65 (0.57, 0.74) 0.71 (0.62, 0.82) 
Population density 2000+ persons/km2 1.03 (0.98, 1.08) 1.02 (0.97, 1.07) 1.01 (0.96, 1.07) 1.11 (1.01, 1.22) 1.07 (0.97, 1.18) 0.99 (0.89, 1.11) 

Has a long term illness at baseline 2.93 (2.72, 3.16) 1.73 (1.60, 1.87) 1.71 (1.58, 1.85) 3.38 (2.93, 3.91) 1.84 (1.59, 2.14) 1.83 (1.57, 2.12) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.53 (0.50, 0.58) 0.46 (0.43, 0.50) 0.45 (0.42, 0.49) 0.46 (0.38, 0.54) 0.37 (0.31, 0.44) 0.36 (0.30, 0.43) 
Entered study 2011 0.39 (0.34, 0.44) 0.20 (0.18, 0.23) 0.19 (0.17, 0.22) 0.32 (0.23, 0.43) 0.13 (0.09, 0.18) 0.12 (0.09, 0.17) 

Has a degree 0.69 (0.60, 0.80)   0.90 (0.78, 1.04) 0.55 (0.38, 0.78)   0.74 (0.52, 1.06) 

Non-home owner 1.23 (1.17, 1.30)   1.24 (1.18, 1.32) 1.32 (1.19, 1.46)   1.32 (1.18, 1.47) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 
Next least deprived 0.97 (0.89, 1.05)   0.97 (0.90, 1.06) 1.09 (0.92, 1.30)   1.11 (0.93, 1.32) 

Mid-point 0.97 (0.90, 1.06)   0.99 (0.91, 1.08) 1.19 (1.00, 1.40)   1.23 (1.04, 1.46) 

Moderate deprivation 0.98 (0.90, 1.05)   1.02 (0.94, 1.11) 1.18 (1.00, 1.39)   1.26 (1.06, 1.50) 

Most deprived 1.00 (0.92, 1.08)   1.02 (0.94, 1.12) 1.28 (1.08, 1.51)   1.32 (1.09, 1.58) 

 Failures = 6,873 N = 184,415 Failures = 1,688 N = 184,415 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-34: NSSEC Stratified – Routine and Manual - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-
2015/16 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.00 (0.94, 1.07) 1.00 (0.93, 1.07) 0.99 (0.92, 1.07) 1.14 (1.02, 1.27) 1.07 (0.95, 1.21) 1.05 (0.93, 1.19) 

Rail 0.70 (0.61, 0.81) 0.87 (0.75, 1.00) 0.87 (0.75, 1.00) 0.94 (0.76, 1.16) 1.07 (0.86, 1.33) 1.07 (0.86, 1.33) 

Walk 1.03 (0.97, 1.09) 0.93 (0.88, 0.99) 0.93 (0.88, 0.99) 1.09 (0.99, 1.20) 0.98 (0.88, 1.09) 0.97 (0.87, 1.08) 

Cycle 0.93 (0.83, 1.03) 0.90 (0.81, 1.00) 0.90 (0.81, 1.00) 0.93 (0.77, 1.11) 0.84 (0.70, 1.01) 0.84 (0.70, 1.01) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.13, 1.16) 1.14 (1.13, 1.16) 1.09 (1.09, 1.10) 1.21 (1.19, 1.24) 1.22 (1.19, 1.24) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.07 (1.03, 1.12) 1.02 (0.97, 1.07) 1.02 (0.98, 1.07) 0.85 (0.79, 0.91) 0.78 (0.72, 0.84) 0.78 (0.72, 0.85) 

Married 1.96 (1.87, 2.06) 1.00 (0.95, 1.05) 1.00 (0.95, 1.06) 1.91 (1.77, 2.07) 0.94 (0.86, 1.02) 0.95 (0.88, 1.04) 

Black minority ethnic 0.47 (0.42, 0.53) 0.54 (0.48, 0.61) 0.53 (0.48, 0.60) 0.35 (0.28, 0.44) 0.40 (0.32, 0.50) 0.40 (0.32, 0.50) 

Has access to a car 0.96 (0.91, 1.02) 0.97 (0.91, 1.04) 0.98 (0.91, 1.04) 0.72 (0.66, 0.79) 0.78 (0.70, 0.87) 0.82 (0.73, 0.91) 

Population density 2000+ persons/km2 0.94 (0.90, 0.98) 1.02 (0.98, 1.06) 1.02 (0.97, 1.06) 0.99 (0.92, 1.06) 1.04 (0.97, 1.12) 1.03 (0.96, 1.12) 

Has a long term illness at baseline 1.43 (1.31, 1.56) 1.00 (0.91, 1.09) 1.00 (0.91, 1.09) 1.91 (1.66, 2.18) 1.19 (1.03, 1.36) 1.18 (1.03, 1.36) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.50 (0.47, 0.53) 0.49 (0.46, 0.52) 0.49 (0.46, 0.52) 0.45 (0.40, 0.51) 0.41 (0.36, 0.46) 0.40 (0.35, 0.45) 

Entered study 2011 0.30 (0.26, 0.33) 0.24 (0.22, 0.27) 0.24 (0.21, 0.27) 0.27 (0.22, 0.33) 0.17 (0.13, 0.21) 0.16 (0.13, 0.20) 

Has a degree 0.79 (0.70, 0.88)   1.02 (0.91, 1.14) 0.70 (0.57, 0.86)   0.98 (0.79, 1.21) 

Non-home owner 0.83 (0.79, 0.88)   1.01 (0.95, 1.06) 1.03 (0.95, 1.12)   1.17 (1.07, 1.27) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.92 (0.86, 0.99)   0.95 (0.88, 1.02) 0.91 (0.81, 1.03)   0.93 (0.83, 1.05) 

Mid-point 0.82 (0.76, 0.88)   0.88 (0.82, 0.94) 0.85 (0.75, 0.95)   0.89 (0.79, 1.01) 

Moderate deprivation 0.86 (0.81, 0.92)   0.98 (0.92, 1.06) 0.87 (0.78, 0.98)   0.97 (0.86, 1.10) 

Most deprived 0.80 (0.75, 0.86)   0.99 (0.92, 1.07) 0.86 (0.76, 0.96)   1.00 (0.87, 1.14) 
 Failures = 8,662 N = 183,446 Failures = 3,003 N = 184,415 

NSSEC – National Statistics socio-economic classification 
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Appendix Table A-35: Population density stratified – <2000 ppkm2 - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-
2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.06 (0.95, 1.18) 1.02 (0.91, 1.14) 0.95 (0.85, 1.07) 0.91 (0.72, 1.15) 0.97 (0.75, 1.25) 0.88 (0.68, 1.13) 

Rail 0.72 (0.62, 0.83) 0.81 (0.70, 0.94) 0.89 (0.77, 1.04) 0.56 (0.39, 0.79) 0.61 (0.43, 0.88) 0.71 (0.49, 1.01) 
Walk 1.20 (1.11, 1.29) 1.06 (0.98, 1.15) 0.97 (0.90, 1.06) 1.11 (0.94, 1.30) 1.08 (0.91, 1.29) 0.96 (0.81, 1.15) 

Cycle 1.04 (0.90, 1.20) 0.92 (0.80, 1.07) 0.86 (0.74, 1.00) 0.96 (0.70, 1.31) 0.84 (0.61, 1.15) 0.76 (0.55, 1.05) 

Age at baseline 1.09 (1.09, 1.09) 1.11 (1.10, 1.12) 1.11 (1.10, 1.12) 1.11 (1.10, 1.11) 1.19 (1.15, 1.22) 1.18 (1.15, 1.21) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 0.57 (0.54, 0.60) 0.59 (0.56, 0.62) 0.59 (0.56, 0.63) 0.29 (0.26, 0.33) 0.31 (0.27, 0.35) 0.31 (0.27, 0.35) 

Married 1.39 (1.32, 1.46) 0.75 (0.71, 0.80) 0.79 (0.74, 0.83) 1.67 (1.48, 1.88) 0.79 (0.69, 0.89) 0.84 (0.74, 0.95) 

Black minority ethnic 0.59 (0.48, 0.72) 0.75 (0.61, 0.92) 0.78 (0.63, 0.96) 0.78 (0.52, 1.16) 1.00 (0.67, 1.48) 1.04 (0.70, 1.55) 

Has access to a car 0.52 (0.48, 0.56) 0.63 (0.58, 0.69) 0.72 (0.66, 0.79) 0.51 (0.43, 0.59) 0.57 (0.47, 0.69) 0.68 (0.56, 0.82) 
Has a long term illness at baseline 3.25 (3.00, 3.52) 1.94 (1.79, 2.11) 1.90 (1.74, 2.06) 4.06 (3.47, 4.75) 2.22 (1.89, 2.62) 2.16 (1.83, 2.54) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.55 (0.51, 0.60) 0.44 (0.40, 0.47) 0.43 (0.39, 0.46) 0.46 (0.38, 0.55) 0.33 (0.27, 0.40) 0.32 (0.26, 0.39) 

Entered study 2011 0.50 (0.44, 0.57) 0.20 (0.18, 0.23) 0.20 (0.17, 0.23) 0.51 (0.37, 0.72) 0.16 (0.11, 0.22) 0.15 (0.11, 0.22) 

Has a degree 0.63 (0.59, 0.68)   0.82 (0.76, 0.89) 0.55 (0.47, 0.65)   0.78 (0.65, 0.94) 
Non-home owner 1.31 (1.23, 1.39)   1.33 (1.25, 1.42) 1.40 (1.24, 1.59)   1.37 (1.20, 1.57) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.21 (1.13, 1.29)   1.09 (1.01, 1.17) 1.24 (1.08, 1.44)   1.15 (0.98, 1.34) 
Routine/Manual 1.48 (1.40, 1.57)   1.19 (1.11, 1.27) 1.67 (1.48, 1.89)   1.29 (1.12, 1.48) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.03 (0.97, 1.09)   1.03 (0.97, 1.09) 1.25 (1.10, 1.43)   1.25 (1.09, 1.42) 
Mid-point 1.05 (0.98, 1.12)   1.06 (0.99, 1.14) 1.22 (1.05, 1.41)   1.23 (1.06, 1.43) 

Moderate deprivation 1.06 (0.98, 1.15)   1.10 (1.01, 1.19) 1.26 (1.07, 1.49)   1.32 (1.12, 1.57) 

Most deprived 1.04 (0.93, 1.17)   1.08 (0.96, 1.22) 1.24 (0.98, 1.58)   1.30 (1.02, 1.66) 

 Failures = 6,599 N = 199,303 Failures = 1,461 N = 199303 

NSSEC – National Statistics socio-economic classification, ppkm2 – persons per square kilometre 
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Appendix Table A-36: Population density stratified –<2000 ppkm2 - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-
2015/16 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.94 (0.86, 1.03) 0.98 (0.89, 1.08) 0.98 (0.89, 1.08) 0.99 (0.85, 1.16) 0.98 (0.83, 1.16) 0.94 (0.79, 1.11) 

Rail 0.75 (0.67, 0.84) 0.92 (0.82, 1.03) 0.92 (0.82, 1.03) 0.67 (0.54, 0.84) 0.82 (0.66, 1.02) 0.87 (0.70, 1.09) 

Walk 1.04 (0.98, 1.11) 0.93 (0.87, 0.99) 0.93 (0.87, 1.00) 1.19 (1.07, 1.33) 1.04 (0.93, 1.17) 0.98 (0.87, 1.10) 

Cycle 0.84 (0.74, 0.96) 0.84 (0.74, 0.96) 0.85 (0.75, 0.97) 0.99 (0.80, 1.23) 0.94 (0.75, 1.16) 0.90 (0.72, 1.12) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.13, 1.15) 1.14 (1.13, 1.15) 1.09 (1.09, 1.09) 1.20 (1.17, 1.22) 1.20 (1.17, 1.22) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.04 (1.00, 1.08) 1.13 (1.09, 1.18) 1.13 (1.09, 1.18) 0.78 (0.72, 0.83) 0.84 (0.78, 0.90) 0.84 (0.78, 0.91) 

Married 1.90 (1.82, 1.99) 1.03 (0.98, 1.07) 1.03 (0.98, 1.08) 1.85 (1.71, 2.01) 0.93 (0.86, 1.02) 0.96 (0.88, 1.05) 

Black minority ethnic 0.52 (0.44, 0.61) 0.64 (0.54, 0.75) 0.63 (0.54, 0.75) 0.54 (0.40, 0.74) 0.71 (0.52, 0.96) 0.74 (0.54, 1.00) 

Has access to a car 0.98 (0.90, 1.06) 0.99 (0.91, 1.08) 1.00 (0.91, 1.09) 0.69 (0.61, 0.78) 0.77 (0.67, 0.89) 0.85 (0.74, 0.98) 

Has a long term illness at baseline 1.35 (1.23, 1.48) 0.98 (0.89, 1.08) 0.98 (0.89, 1.08) 2.17 (1.90, 2.49) 1.39 (1.21, 1.61) 1.37 (1.19, 1.58) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.50 (0.48, 0.53) 0.45 (0.42, 0.48) 0.45 (0.42, 0.48) 0.49 (0.44, 0.55) 0.39 (0.34, 0.43) 0.38 (0.34, 0.43) 

Entered study 2011 0.35 (0.31, 0.39) 0.23 (0.21, 0.26) 0.23 (0.21, 0.26) 0.34 (0.28, 0.42) 0.16 (0.13, 0.20) 0.15 (0.12, 0.19) 

Has a degree 0.91 (0.87, 0.96)   0.99 (0.94, 1.05) 0.66 (0.59, 0.73)   0.81 (0.72, 0.90) 

Non-home owner 0.78 (0.74, 0.83)   1.02 (0.96, 1.08) 1.04 (0.95, 1.14)   1.23 (1.11, 1.35) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.06 (1.01, 1.11)   1.00 (0.95, 1.06) 1.19 (1.08, 1.31)   1.05 (0.95, 1.16) 

Routine/Manual 1.01 (0.97, 1.06)   0.98 (0.93, 1.03) 1.31 (1.20, 1.42)   1.07 (0.98, 1.18) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.94 (0.90, 0.98)   0.98 (0.94, 1.03) 0.95 (0.87, 1.04)   0.97 (0.89, 1.06) 

Mid-point 0.84 (0.79, 0.89)   0.93 (0.88, 0.98) 0.95 (0.86, 1.05)   1.01 (0.91, 1.12) 

Moderate deprivation 0.86 (0.81, 0.92)   1.03 (0.97, 1.10) 0.94 (0.84, 1.05)   1.07 (0.95, 1.20) 

Most deprived 0.83 (0.76, 0.91)   1.07 (0.97, 1.18) 0.95 (0.80, 1.12)   1.12 (0.95, 1.33) 
 Failures = 20,930 N = 390,555 Failures = 3,158 N = 199,303 

NSSEC – National Statistics socio-economic classification, ppkm2 – persons per square kilometre 
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Appendix Table A-37: Population density stratified – 2000+ ppkm2 - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-
2016 

  All-cause mortality CVD mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 1.26 (1.17, 1.34) 1.09 (1.01, 1.17) 1.03 (0.95, 1.11) 1.17 (1.02, 1.35) 1.08 (0.92, 1.27) 1.00 (0.85, 1.18) 

Rail 0.74 (0.68, 0.81) 0.86 (0.79, 0.95) 0.90 (0.82, 0.99) 0.68 (0.56, 0.82) 0.78 (0.64, 0.95) 0.83 (0.68, 1.01) 
Walk 1.15 (1.07, 1.23) 1.04 (0.96, 1.12) 0.99 (0.92, 1.07) 0.95 (0.82, 1.10) 0.95 (0.80, 1.11) 0.88 (0.75, 1.04) 

Cycle 0.87 (0.76, 1.00) 0.78 (0.68, 0.89) 0.77 (0.67, 0.88) 0.90 (0.69, 1.19) 0.79 (0.60, 1.05) 0.76 (0.58, 1.01) 

Age at baseline 1.09 (1.09, 1.10) 1.13 (1.12, 1.14) 1.13 (1.12, 1.14) 1.11 (1.11, 1.12) 1.21 (1.18, 1.24) 1.20 (1.17, 1.23) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 
Women 0.60 (0.57, 0.63) 0.59 (0.56, 0.62) 0.60 (0.57, 0.64) 0.33 (0.30, 0.37) 0.34 (0.30, 0.38) 0.35 (0.31, 0.39) 

Married 1.45 (1.38, 1.52) 0.81 (0.77, 0.85) 0.83 (0.78, 0.87) 1.70 (1.53, 1.88) 0.81 (0.72, 0.90) 0.83 (0.74, 0.92) 

Black minority ethnic 0.65 (0.60, 0.71) 0.72 (0.66, 0.79) 0.71 (0.65, 0.78) 0.84 (0.71, 0.98) 0.95 (0.81, 1.13) 0.92 (0.78, 1.09) 

Has access to a car 0.56 (0.53, 0.59) 0.62 (0.58, 0.66) 0.68 (0.64, 0.73) 0.55 (0.49, 0.61) 0.59 (0.52, 0.68) 0.68 (0.59, 0.78) 
Has a long term illness at baseline 3.72 (3.47, 3.98) 2.03 (1.89, 2.19) 1.98 (1.84, 2.14) 4.37 (3.81, 5.02) 2.15 (1.86, 2.48) 2.09 (1.81, 2.41) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.50 (0.47, 0.54) 0.42 (0.39, 0.45) 0.41 (0.38, 0.44) 0.42 (0.35, 0.50) 0.32 (0.27, 0.39) 0.32 (0.27, 0.38) 

Entered study 2011 0.40 (0.36, 0.45) 0.19 (0.17, 0.21) 0.18 (0.16, 0.20) 0.35 (0.27, 0.46) 0.12 (0.09, 0.17) 0.12 (0.09, 0.16) 

Has a degree 0.55 (0.51, 0.59)   0.84 (0.77, 0.91) 0.48 (0.40, 0.56)   0.79 (0.66, 0.95) 
Non-home owner 1.21 (1.15, 1.27)   1.23 (1.16, 1.30) 1.23 (1.11, 1.37)   1.19 (1.06, 1.34) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.25 (1.17, 1.34)   1.07 (1.00, 1.15) 1.17 (1.01, 1.35)   0.99 (0.85, 1.16) 
Routine/Manual 1.66 (1.57, 1.75)   1.12 (1.05, 1.19) 1.88 (1.67, 2.11)   1.17 (1.03, 1.34) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 1.02 (0.93, 1.13)   1.00 (0.90, 1.10) 1.26 (1.01, 1.57)   1.23 (0.98, 1.53) 
Mid-point 1.09 (0.99, 1.19)   1.06 (0.97, 1.16) 1.44 (1.17, 1.77)   1.41 (1.14, 1.74) 

Moderate deprivation 1.13 (1.03, 1.24)   1.10 (1.01, 1.21) 1.52 (1.24, 1.87)   1.49 (1.21, 1.83) 

Most deprived 1.24 (1.13, 1.35)   1.17 (1.07, 1.28) 1.74 (1.42, 2.12)   1.62 (1.31, 1.99) 

 Failures = 7,384 N = 244,166 Failures = 1,711 N = 244,166 

NSSEC – National Statistics socio-economic classification, ppkm2 – persons per square kilometre 
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Appendix Table A-38: Population density stratified –2000+ ppkm2 - Cox regression analyses of commute mode and cancer outcomes from the ONS Longitudinal Study 1991-
20015/16 

  Cancer incidence Cancer mortality 
  Unadjusted   Adjusted Unadjusted   Adjusted 
Commute mode HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) 

Sedentary 1.00 1.00 1.00 1.00 1.00 1.00 

Bus 0.95 (0.89, 1.01) 0.96 (0.90, 1.03) 0.95 (0.89, 1.02) 1.16 (1.05, 1.29) 1.05 (0.93, 1.18) 1.01 (0.90, 1.13) 

Rail 0.63 (0.58, 0.68) 0.86 (0.80, 0.94) 0.87 (0.80, 0.94) 0.66 (0.58, 0.76) 0.88 (0.76, 1.01) 0.90 (0.78, 1.04) 

Walk 1.00 (0.94, 1.06) 0.94 (0.88, 1.00) 0.93 (0.87, 0.99) 1.16 (1.05, 1.28) 1.02 (0.92, 1.14) 0.99 (0.89, 1.11) 

Cycle 0.87 (0.78, 0.97) 0.93 (0.83, 1.04) 0.93 (0.83, 1.04) 0.82 (0.67, 1.01) 0.80 (0.65, 0.98) 0.80 (0.65, 0.99) 

Age at baseline 1.07 (1.07, 1.07) 1.14 (1.13, 1.15) 1.14 (1.13, 1.15) 1.09 (1.09, 1.10) 1.20 (1.18, 1.22) 1.20 (1.18, 1.22) 

Age at baseline squared 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 

Women 1.04 (1.00, 1.08) 1.10 (1.06, 1.15) 1.11 (1.06, 1.15) 0.84 (0.79, 0.90) 0.86 (0.80, 0.93) 0.87 (0.81, 0.94) 

Married 1.79 (1.72, 1.87) 0.99 (0.94, 1.03) 0.99 (0.95, 1.04) 1.81 (1.68, 1.94) 0.96 (0.88, 1.04) 0.97 (0.90, 1.06) 

Black minority ethnic 0.49 (0.46, 0.53) 0.56 (0.52, 0.61) 0.56 (0.52, 0.61) 0.47 (0.41, 0.54) 0.54 (0.47, 0.62) 0.53 (0.46, 0.61) 

Has access to a car 1.00 (0.95, 1.06) 0.96 (0.90, 1.02) 0.98 (0.92, 1.04) 0.70 (0.64, 0.76) 0.71 (0.65, 0.79) 0.77 (0.69, 0.86) 

Has a long term illness at baseline 1.60 (1.47, 1.74) 1.10 (1.01, 1.20) 1.09 (1.00, 1.19) 2.57 (2.28, 2.89) 1.52 (1.34, 1.72) 1.49 (1.32, 1.69) 

Entered study 1991 1.00 1.00 1.00 1.00 1.00 1.00 

Entered study 2001 0.48 (0.46, 0.51) 0.47 (0.45, 0.50) 0.47 (0.45, 0.50) 0.46 (0.42, 0.51) 0.41 (0.37, 0.45) 0.40 (0.36, 0.45) 

Entered study 2011 0.28 (0.26, 0.31) 0.22 (0.20, 0.24) 0.21 (0.19, 0.24) 0.26 (0.22, 0.31) 0.15 (0.12, 0.18) 0.14 (0.12, 0.17) 

Has a degree 0.71 (0.68, 0.75)   0.95 (0.89, 1.00) 0.57 (0.52, 0.64)   0.88 (0.78, 0.98) 

Non-home owner 0.78 (0.74, 0.82)   1.04 (0.98, 1.09) 0.99 (0.92, 1.08)   1.18 (1.08, 1.29) 

Socio-economic classification (NSSEC)       

Higher 1.00   1.00 1.00   1.00 

Intermediate 1.12 (1.07, 1.18)   0.99 (0.94, 1.05) 1.27 (1.16, 1.40)   1.07 (0.97, 1.18) 

Routine/Manual 1.22 (1.17, 1.28)   0.99 (0.94, 1.04) 1.50 (1.38, 1.63)   1.03 (0.94, 1.13) 

Carstairs Deprivation Index Quintile       

Least deprived 1.00   1.00 1.00   1.00 

Next least deprived 0.99 (0.92, 1.07)   1.03 (0.95, 1.11) 0.96 (0.83, 1.10)   0.96 (0.84, 1.11) 

Mid-point 0.92 (0.85, 0.99)   0.98 (0.92, 1.06) 0.96 (0.85, 1.10)   1.00 (0.87, 1.14) 

Moderate deprivation 0.93 (0.86, 1.00)   1.05 (0.98, 1.13) 0.99 (0.87, 1.12)   1.06 (0.93, 1.20) 

Most deprived 0.85 (0.79, 0.91)   1.06 (0.98, 1.14) 1.02 (0.90, 1.16)   1.14 (1.00, 1.30) 
 Failures = 10,355 N = 243,029 Failures = 3,351 N = 244,166 

NSSEC – National Statistics socio-economic classification, ppkm2 – persons per square kilometre 
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Appendix Figure A-6: Hazard ratio of mortality outcomes by commute mode - NSSEC stratified 

 
Source: ONS – Longitudinal Study   NSSEC – National Statistics Socio-economic Classification 
 
Appendix Figure A-7: Hazard ratio of cancer outcomes by commute mode - NSSEC stratified 

 
Source: ONS – Longitudinal Study   NSSEC – National Statistics Socio-economic Classification 
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Appendix Figure A-8: Hazard ratio of mortality outcomes by commute mode - population density stratified 

 
Source: ONS – Longitudinal Study 
 
Appendix Figure A-9: Hazard ratio of cancer outcomes by commute mode - population density stratified 

 
Source: ONS – Longitudinal Study 
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