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1. Introduction

42

A review of NICE guideline PH8 on physical activity and the environment identified that

43

some sections of the guideline were in need of update as new evidence was available (see

44

review decision). The update also has a particular focus on those who are less able to be

45

physically active (see scope).

46

The update focuses on interventions in the following environments:

47

•

48

Built environment including roads, pavements, the external areas of buildings
and open 'grey' space, such as urban squares and pedestrianised areas.

49

•

Natural environment, including 'green' and 'blue' spaces. Green spaces

50

include: urban parks, open green areas, woods and forests, coastland and

51

countryside, and paths and routes connecting them. Blue spaces include: the

52

sea, lakes, rivers and canals.

53

A series of evidence reviews was undertaken to support the guideline development. This

54

second evidence review focuses on the effectiveness and cost effectiveness of the following

55

interventions – trails, safe routes to schools and ‘Ciclovia’ (the closure of streets to motorised

56

traffic for the purpose of increasing physical activity).

57

2. Methods

58

This review was conducted according to the methods guidance set out in ‘Developing NICE

59

guidelines: the manual’ (October 2014).

60
61

2.1. Review questions
1

Which interventions in the built or natural environment are effective and cost-

62

effective at increasing physical activity among the general population?

63

1.1 Which transport interventions are effective and cost effective?

64

1.2 Which interventions related to the design and accessibility of public open

65

spaces in the built and natural environment are effective and cost effective?

66

2

67
68

Does the effectiveness and cost effectiveness of these interventions vary for
different population groups (particularly those less able to be physically active)?

3

Are there any adverse or unintended effects?

69

3.1 How do these vary for different population groups (particularly those less

70

able to be physically active)?

71

3.2 How can they be minimised?
3
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4

Who needs to be involved to ensure interventions are effective and cost effective

73
74

for everyone?
5

What factors ensure that interventions are acceptable to all groups?

75

Any available evidence relating to the cost effectiveness of interventions was also

76

included in this review. The full economic analysis is presented separately.

77
78

2.2. Searching, screening, quality assessment and data extraction

79

Searching

80

Two systematic searches of relevant databases were conducted (one largely covering

81

transport interventions and the other open spaces) from 22 to 24 June 2016. Two separate

82

searches were carried out because although the two areas shared some outcomes, others

83

were specific to either transport interventions or open spaces. A search of websites was

84

conducted from 1 to 5 August 2016 to identify relevant evidence for this review (see

85

Appendix 3).

86

PH8 searches were conducted in 2006, and included all relevant publications up to that

87

point. For this update guideline, sources were searched from 2006 to June 2016. The

88

decision was made not to revisit evidence included in PH8 because public health is a fast-

89

moving area and the context in which recommendations are being implemented has

90

changed significantly since 2006. This was for several reasons;

91

 The Surveillance report and update decision for PH8 stated that no evidence had been

92

identified suggesting that any of the existing recommendations should be reversed,

93

but that new evidence suggested that recommendations could be updated and

94

strengthened.

95

 The search strategies for PH8 did not exclude interventions targeted at people with

96

limited mobility. It is therefore expected that any interventions targeted at people with

97

limited mobility prior to 2006 would have been captured by PH8.

98

Review protocol

99

The protocol outlines the methods for the review, including the search protocols and

100

methods for data screening, quality assessment and synthesis (see Appendix 3). To note:

4
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•

During title/abstract screening, two exclusion codes were used - ‘weed out’ and

102

‘non-comparative studies’. Non comparative studies included cross-sectional

103

surveys and correlation studies.

104

•

Qualitative studies were only included if they were UK-based AND linked to an

105

intervention of interest as outlined in the review protocols. If few effectiveness

106

or intervention-linked qualitative studies were included the committee agreed to

107

consider UK-based qualitative studies that were not linked to an intervention of

108

interest

109

•

Systematic reviews of interventions of interest were not included but the

110

reference lists of 18 relevant systematic reviews were checked. Twenty three

111

studies were identified via this method and were screened at title and abstract.

112

Full papers were ordered for 7 studies. Of these, 4 were included as evidence

113

for this guideline.

114

•

Modelling studies (that were not economic modelling studies) were excluded.

115

•

Cost benefit studies which only included (or included majority) ‘prospective’ or

116

‘hypothetical’ costs were also excluded. Any studies of this type were

117

forwarded to the modelling team at the Economic and Methods Unit (EMU) for

118

information.

119

•

As agreed at PHAC 0 the following were considered out of scope: interventions

120

involving school playgrounds, and interventions involving “fitness zones” in

121

parks. Interventions involving school playgrounds were excluded as they were

122

noted as being accessible usually only by pupils at the school and during

123

school hours, as opposed to being accessible by the public in general. Fitness

124

zones were excluded as they were considered to be equipment that people

125

may choose to use to change their behaviour at an individual level, rather than

126

an environmental intervention.

127

Screening

128

All references from the two database searches were screened on title and abstract by a

129

single reviewer against the criteria set out in the protocol. A random sample of 10% of titles

130

and abstracts was screened independently by a second reviewer, with differences resolved

131

by discussion. Agreement at this stage was 95% for the transport database and 94% for the

132

open space database. Full-text screening was carried out by a single reviewer and a second

133

reviewer independently screened 10% of all full-text papers. Agreement at this stage was
5
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100% for the transport database papers. Agreement at this stage was 83% for the open

135

space papers – the 2 mismatched papers were resolved. Reasons for exclusion at full paper

136

stage were recorded (see below and Appendix 3).

137

In addition to the database search, a search of websites identified 259 documents or sites

138

containing potentially relevant information. Each of these documents or sites were

139

considered by one reviewer and potential includes checked by a second.

140

Data extraction

141

Each included study was data extracted by one reviewer, with all data checked in detail by a

142

second reviewer. Any differences were resolved by discussion between the reviewers.

143

Where data are reported effect sizes, means, standard deviations and 95% confidence

144

intervals have been included. In all instances the most complete data available have been

145

presented in the review findings and evidence statements. For Evidence Statements,

146

please see below.

147

Quality Assessment

148

Included studies were rated individually to indicate their quality, based on assessment using

149

a checklist. Each included study was assessed by one reviewer and checked by another.

150

Any differences in quality rating were resolved by discussion. The tool used to assess the

151

quality of studies and summaries of the QA results of all included studies are documented in

152

Appendix 3. The quality ratings used were:
++ No Risk of Bias: All or most of the checklist criteria have been fulfilled,
and where they have not been fulfilled the conclusions are very unlikely to
alter.
+ Low Risk of Bias: Some of the checklist criteria have been fulfilled, and
where they have not been fulfilled, or are not adequately described, the
conclusions are unlikely to alter.
– High Risk of Bias: Few or no checklist criteria have been fulfilled and the
conclusions are likely or very likely to alter.

153
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Presentation of Evidence

155

Each included study is summarised in narrative format. This contains information on

156

research design, setting, quality assessment and results as relevant to each review.

157

In addition:

158

 GRADE (Grading of Recommendations Assessment, Development and Evaluation)

159

was used to synthesise and present the outcomes from quantitative studies, of which

160

there were 26 for this Review. These are presented as Evidence Statements.

161

 Qualitative evidence was considered disparate and sparse for this review, with only

162

two mixed methods studies including some qualitative results. Studies are therefore

163

summarised by presentation of their key themes. These are presented in Evidence

164

Statements.

165

 Cost effectiveness studies, of which there are 5 for this review including a study which

166

was primarily an effectiveness study, are summarised by key findings, presented as

167

Evidence Statements.

168

GRADE

169

GRADE was used to appraise and present the quality of the outcomes reported in included

170

studies – see Appendix 4 for full GRADE tables for Review 1 by outcome. This approach

171

considers the risk of bias, consistency, directness, and precision of the studies reporting on

172

a particular outcome. Critical outcomes for GRADE were the primary outcomes listed in the

173

scope. Important outcomes were the secondary outcomes listed in the scope. (For more

174

details about GRADE, see Appendix H of the NICE Methods Manual (2014) and the GRADE

175

working group website). The quality ratings used to assess the evidence base were: high,

176

moderate, low and very low. Appraisal of the evidence using GRADE methodology starts

177

from ‘Low’ for evidence derived from observational studies.

178

Evidence Statements for Review 2 are presented below. For studies of effectiveness, quality

179

of evidence was appraised using GRADE. Evidence statements for qualitative and economic

180

studies were constructed using quality appraisal tools and in line with the NICE manual.

181

7
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3. Results
3.1. Flow of literature through the review

184

A total of 70 studies met the inclusion criteria for the evidence reviews to support the

185

guideline on physical activity and the environment.

186

Of these 70, 60 studies were identified from two searches of databases for transport and

187

open space interventions. An additional 1 paper was provided to NICE on an academic in

188

confidence basis. 1 was identified through citation searching and 4 from systematic review

189

included studies. From the website search, 4 new studies were identified that met the review

190

inclusion criteria (one on public transport (included in this review), one on parks, one multi-

191

component, one on cycling infrastructure). Figures 1 and 2 below show the flow of literature

192

through the review. [To note that there are 16 final includes which are duplicated across the

193

two databases, hence the total number of studies from the two flow charts is more than 70].

194
195
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Figure 1. Flow of literature through the review: transport database (2006-present)

197
Total number of results
n = 10,060

Duplicates
removed
n = 2325

Total number of database results (after
duplicates removed)
n = 7735
Identified through:
citation searching
n = 1 (HE n=1)
Website searching
n = 4 (HE n=1)
Systematic reviews
n=4

Excluded studies
n = 109

Total references for Title/ abstract
screening

Academic in
confidence

n = 7745

n=1

Full text assessment

Non
comparative
studies
n = 388

n = 163

Ineligible study type =
24
No data to extract = 18
Intervention type = 17
Relevant systematic
review = 12

Included studies
n = 54

Out of scope = 11
Outcomes not relevant
=9
Unavailable = 6
Duplicate = 3

Transport database: 54
Open Space database (minus duplicates
of transport final includes): 16
Total n = 70 (HE n=7)

Country = 3
No baseline data = 3

198
199

Qualitative = 3

200

HE = Health Economics. These papers either have the primary aim of conducting an

201

economic analysis, or contain a portion of economic analysis.
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Figure 2. Flow of literature through the review: open space database (2006-present)
Total number of results
n = 10,366
Duplicates
removed
n = 2578

Total number of database results (after
duplicates removed)
n = 7788

Excluded studies
n = 72

Total references for Title/ abstract
screening
n = 7788

Ineligible study type:
23
Intervention type = 18
Relevant systematic
review = 10

Full text assessment
n = 104

Outcomes not relevant
=6
Qualitative = 5
No data to extract = 5
Out of scope = 2

Included studies
n = 32

Country = 1
No baseline data = 1
Duplicate = 1

Open Space database: 32
Transport database (minus duplicates of
Open Space final includes): 38
Total n = 70 (HE n=7)

203
204
205
206
207
208
209
210
211
212
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Non
comparative
studies
n = 180
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3.2. Characteristics of the included studies
The table below outlines the main themes of the 70 papers that met the inclusion criteria for
the evidence reviews.
Theme
Review 1
Public Transport
Review 2
Ciclovia
Trail: trails and paths
Trail: Cycle Infrastructure
Trail: On-street cycle lanes
Safe Routes to School
Review 3
Neighbourhood
Parks
Multi-component
TOTAL

Number of papers
18
3
14
4
4
5
6
12
4
70

217
218

Characteristics of all 70 included transport and open space studies are given in Appendix 1.

219

Papers included in this review are: 22 trail studies (trails and paths, cycle infrastructure, on-

220

street cycle lanes); 5 Safe Routes to School studies; and 3 Ciclovia studies. Full details of

221

the 30 studies included in this review are given in the evidence tables in Appendix 2. The

222

table below shows the characteristics of the studies included in this review.

223
224

Characteristics of studies included in Review 2 - Trails, Safe Routes to School,
Ciclovia
Study Author,
Date

Study Type (author's
description)

Adams and
Cavill 2015

Uncontrolled before
and after study

Bjornskau et al
2012

Controlled before
and after study

Population group

Count: whole
community survey:
over 16 only. UK,
multiple cities.
18 and over only.
Cyclists,
pedestrian, and car
drivers. Norway,
Oslo.

11

Intervention
details

Theme

Fitter for Walking Trail: trails
(FFW).
and paths
Improvements to
footpath access,
safe crossings,
lighting, and
aesthetics
Trail: OnCounter-flow
street cycle
cycling
lanes
permitted, cycle
lanes installed

Physical Activity and the Environment – Evidence Review 2
Study Author,
Date

Clark et al 2014

Department for
Transport 2010

Study Type (author's
description)

Population group

Intervention
details

Controlled before
and after study
(quasi experimental
control design)

All trail users
(adults and
children). USA,
Southern Nevada.

Behavioural:
marketing
campaign.
Environmental:
development of
trails

Benefit-cost analysis

6 Cycling
Demonstration
Towns. UK,
multiple cities.

Cycling
Demonstration
Town
programme

Theme
Trail: trails
and paths

Trail: Cycle
Infrastructur
e
Ciclovia

D'Haese et al
2015

Controlled before
and after study

School children.
Belgium, Ghent.

Play streets
offering safe,
car-free areas
near homes
Trail: trails
and paths

Dill et al 2014

Fitzhugh et al
2010

Goodman et al
2013a

Goodman et al
2013b

Controlled before
and after study
(natural
experimental study )
Controlled before
and after study
(quasi-experimental
research design with
multiple controls)

Controlled before
and after study
(Longitudinal,
controlled natural
experimental study)

Uncontrolled before
and after study
(cohort design)

Adults with a child
(5-17yrs) with
cycling ability. USA,
Oregon.

Bicycle
boulevard
installation on 8
street segments
Trail: trails
and paths

Children and adult
users of park. USA,
Tennessee.

16 - 74 yrs only. 18
intervention towns.
UK, multiple.

18 and over only.
UK, multiple.

12

Pedestrian
infrastructure
Environmental
and behaviour
change ("3:1
ratio") cycle
lanes and
parking, training
and promotion.
Connect2. Traffic
free routes for
walking and
cycling. Traffic
free bridge;
creation of
boardwalk

Trail: Cycle
Infrastructur
e

Trail: Trails
and Paths

Physical Activity and the Environment – Evidence Review 2
Study Author,
Date

Study Type (author's
description)

Population group

Intervention
details
Connect2. traffic
free routes for
walking and
cycling. Traffic
free bridge;
creation of
boardwalk

Goodman et al
2014

Observational before
and after study
(cohort design)

Gustat et al
2012

Controlled before
and after study
(serial crosssectional study
design)

18-70 years only.
USA, New Orleans.

Installation of
walking path

Uncontrolled
observational before
and after study

Elementary school
children
(Kindergarten to
grade 6); working
age adults. USA,
Michigan.

Behavioural.
Environmental:
lockers, bike
racks, company
bike rental
scheme.
Behavioural
(education,
encouragement
etc.).
Environmental
(pavements,
road crossings).
Community
involvement.

Hendricks et al
2009

Hoelscher et al
2016

Hunter et al
2009

Krizek et al 2009

Montes et al
2011

Controlled before
and after study

Uncontrolled before
and after study

Controlled before
and after study

Cost-benefit analysis
using existing data

18 and over only.
UK, multiple.

Theme
Trail: trails
and paths

Trail: trails
and paths

School children.
USA, Texas.
All ages. Users of
cycle lanes. USA,
Florida.
Whole population
and cyclists. USA,
Minnesota.

18 and over only.
Event users. USA
(San Francisco) and
Mexico.

13

Introduction of 2
new cycle lanes
Cycle
infrastructure
improvements
over a decade
Ciclovia communitybased
programmes
closing streets to
cars for use for
leisure and
physical activity
(event)

Trail: Cycle
Infrastructur
e

Safe Routes
to School

Trail: Onstreet cycle
lanes
Trail: trails
and paths

Ciclovia

Physical Activity and the Environment – Evidence Review 2
Study Author,
Date

Muennig et al
2014

Orenstein et al
2007

Ostergaard et al
2015

Parker et al
2011
Parker et al
2013

Poindexter et al
2007

Rissel et al 2015

Sahlqvist et al
2015

Study Type (author's
description)

Population group

Cost effectiveness
study

School children.
USA, New York
City.

Whole programme
effectiveness
analysis

570 Safe Routes 2
Schools
programmes. USA,
California.

Controlled before
and after study
(quasi-experimental
controlled study)

Uncontrolled before
and after study
Controlled before
and after study

SR2S: education,
encouragement,
road
improvements
near schools

School children.
Denmark, multiple.

All ages. Cyclists.
USA, New Orleans.

Installation of
bicycle lanes
along a highway

All ages. Cyclists.
USA, New Orleans.

Introduction and
striping of a 1
mile bike lane

Uncontrolled before
and after study
Controlled before
and after study
(longitudinal, quasiexperimental design)

18-55 years only.
No disability
preventing from
riding a bike.
Australia, Sydney.

18 and over only.
Within 5km of
planned changes.
UK, multiple.

14

Theme
Safe Routes
to School

Safe Routes
to School
Safe routes to
schools
Environmental
(road surface,
signposting and
traffic
regulations like
one-way streets)
and behavioural

No age range
given. Residents
around bicycle
facilities. USA,
Minnesota.

Mixed methods uncontrolled before
and after study

Intervention
details

Safe Routes
to School

Trail: on
street cycle
lanes
Trail: on
street cycle
lanes
Trail: trails
and paths

"Bicycle facility" infrastructure
improvements,
safety analysis
Trail: trails
and paths
New bicycle path
separated from
road in inner
Sydney
Connect2.
Traffic-free
routes for
walking and
cycling. Traffic
free bridge;
informal
riverside
footpath turned
into boardwalk

Trail: trails
and paths

Physical Activity and the Environment – Evidence Review 2
Study Author,
Date

Sinnett and
Powell 2012

Sloman et al
2009

Stewart et al
2014

Torres et al
2016

West and
Shores 2011

West and
Shores 2015

Study Type (author's
description)

Cost Benefit Analysis

Population group

Pedestrians. UK,
multiple.

Evaluation of
intervention using
multiple secondary
data sources

Whole population.
UK, multiple.

Uncontrolled before
and after study
(one group pre-test
and post-test)

Schools affected by
safe route to
schools project,
and projects
themselves. USA,
multiple.

Longitudinal cohort
study

Uncontrolled before
and after study

Controlled before
and after study

Whole population.
USA, Atlanta.
No age range
given. Property
owners in
population. USA,
exact location not
given.
Home owners in
population. USA,
exact location not
given.

225
226
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Intervention
details
Fitter for Walking
(FFW).
Improvements to
footpath access,
safe crossings,
lighting, and
aesthetics
Cycling England /
Department for
Transport Cycling
Demonstration
Town
programme

Theme
Trail: trails
and paths

Trail: Cycle
Infrastructur
e

Safe Routes
to School
State-funded
safe routes to
school
programme
Open Streets:
making streets
temporarily
traffic-free
(event) to
promote physical
and pedestrian
activity
Environmental:
creation of 5
miles of
greenway along
a river
Extension of a
greenway by
1.93 miles

Ciclovia

Trail: trails
and paths

Trail: trails
and paths
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3.3. Review findings

228

Thirty studies that addressed Ciclovia / street closure interventions, trails interventions, and

229

Safe routes to school interventions are considered here. For GRADE profiles see Appendix

230

4, and for Evidence Statements, please see below.

231

Studies were grouped by the type of intervention:

232



Ciclovia (3 studies)

233



Trails (22 studies)

234

o

Cycle infrastructure (4 studies)

235

o

On-street cycle lanes (4 studies)

236

o

Trails and paths (14 studies)

237



Safe routes to schools (5 studies)

238
239

‘Ciclovia’

240
241

‘Ciclovia’ programmes involve the closure of streets to motorised traffic for the purpose of

242

increasing physical activity. Three studies reported on the effects of such programmes. One

243

controlled before and after study (D’Haese et al., 2015 [+]) in Belgium; one cost benefit

244

analysis (Montes et al 2011[-]) in Mexico and USA; and one repeated cross sectional

245

observational study (Torres et al 2016 [-]) in USA.

246
247

D’Haese et al (2015)[+] conducted a controlled before and after study to test the

248

effectiveness of Play Streets – set periods where neighbourhoods become traffic-free during

249

school holidays – for increasing children’s moderate- to vigorous-intensity physical activity

250

(MVPA) and for decreasing their sedentary time. The ‘19 Play Streets’ event lasted at least 7

251

consecutive days, taking place at times between 14:00 and 19:00; for each included Play

252

Street a control neighbourhood (matched on comparable walkability characteristics (not

253

defined) and annual household income) which had no play street was selected. Children in

254

the intervention wore accelerometers for the duration of the study.

255

16

Physical Activity and the Environment – Evidence Review 2
256

Overall 80.5% of children in the intervention group used the Play Street during the study

257

period. The key findings were:

258



Between baseline and follow-up mean daily minutes of sedentary time, measured

259

between 14:00 and 19:00, increased in the control group (156.49 (SD41.69) to

260

164.61 (SD40.10)) but decreased in the intervention group (146.30 (SD38.36) to

261

137.74 (SD35.43)). This change between groups was significant (p = 0.048).

262



Between baseline and follow-up the intervention group showed a greater increase

263

(not statistically significant) in moderate and vigorous physical activity (MVPA),

264

measured between 14:00 and 19:00, than the control group (p = 0.057). Differences

265

as measured in mean daily minutes (standard deviation):

266

o

Control: baseline = 26.91 (16.92), follow-up = 24.32 (13.47)

267

o

Intervention: baseline = 26.70 (13.51), follow-up = 35.79 (24.93)

268

These changes remained significant when measured over the whole day (sedentary p =

269

0.012; MVPA p = 0.010) suggesting that intervention groups were not compensating for

270

changes during other times of the day.

271
272

Torres et al (2016) [-] conducted a repeated cross-sectional observational study to

273

investigate the influence of Atlanta Streets Alive (ASA) events – where streets were closed

274

to vehicular traffic - on physical activity levels. The 5 events took place between 2010 and

275

2012, the closed sections of various streets were between 1.5 and 2 miles in length and

276

closed for between 4-5 hours (starting as early as 10am and ending as late as 8pm). Repeat

277

cross-sectional participant surveys were taken at the first, second, and fifth event.

278
279

23.3% of participants reported meeting the recommendation of doing 150 minutes or more of

280

moderate to vigorous physical activity during the first event, 20.0% met the recommendation

281

in the second event, and 16.4% in the fifth event. The total minutes, as reported in the

282

surveys, spent performing physical activity at the events (standard deviation) fell from 109

283

minutes at event 1 (SD55) to 97 minutes (SD66) at event 2 and 95 minutes (SD 55) at event

284

5. Significance was not reported.

285
286

Montes et al (2011) [-] calculated the benefit-cost ratios of ‘Ciclovia’ programmes in Mexico

287

and the USA. The programme in the USA began in 2008 and involves the closure of

288

sections of road, varying in length from 7.3km to 9.7km, by 2010 the number of events had

289

increased to 9, taking place on Sundays. The programme in Mexico began in 2004 and

290
291

involves a 25km circuit, by 2009 this ran every Sunday.
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The Direct Health Benefit (DHB) was calculated for the USA programme by estimating the

293

difference in the direct medical cost for active persons and their inactive counterparts in the

294

USA. In Mexico, as medical cost data were unavailable, alternative adjusted equations were

295

used. In terms of costs: operational costs data were obtained from directors and managers;

296

user costs (equipment) was weighted by users of that equipment at each location’s events;

297

costs of roads etc were not included, as they were assumed to be pre-existing.

298
299

In terms of activity types, in the USA of 15,000 adult participants per event, 46.2% (3,004)

300

were bicyclists, 35.5% (2,308) were pedestrians, and 18.2% (1,185) were skaters or other. In

301

Mexico, of 51,761 adult participants per event 84% (51,761) were bicyclists, 13% (416) were

302

pedestrians, and 3% (22) were skaters or other.

303

The costs and benefits were calculated to be as follows:

304

In Mexico:

305



Annual Costs: $908,582

306



Annual cost per capita (user): $6.5

307



Benefit cost Ratio (BCR): DHB must be $51.1 (8.2% of USA’s DHB) to obtain a cost-

308
309

benefit ratio >1. BCR calculated as a range 1.02-1.23:1.


310

According to the HEAT model, the mean annual benefit for mortality prevention
ranged from $664,727 to $10,146,740.

311

In USA:

312



Annual Costs: $1,763,368

313



Annual cost per capita (user): $70.5.

314



BCR: 2.32:1 ($2.32 saved in direct medical costs for every $1 invested in the

315

program if the program occurs regularly every week). DHB must be more than

316

$269.4 to achieve a BCR over 1. More than 11,200 users must take part for the BCR

317

to be greater than 1.

318
319
320
321



According to the HEAT model, the mean annual benefit for mortality prevention
ranged from $5,107,159 to $5,837,363.

322

Key limitations to the ciclovia studies, include short measurement period, high drop-out and

323

self-selected group (D’Haese et al (2015)); potentially inaccurate methods of counting

324

participants and use of convenient, repeat cross sectional data (Torres et al (2016)); and

325

inconsistent evaluation methods, use of self-reported activity and lack of discounting

326

economic outcomes (Montes et al (2011))

327
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Applicability: The evidence is only partially applicable to the UK because the studies
were conducted in Belgium, Mexico, and the USA.
1. D’Haese et al (2015) [+]
2. Montes et al (2011) [-]
3. Torres et al (2016) [-]

328
329

Trails: Cycle infrastructure

330
331

Four studies reported on cycle infrastructure interventions. Three considered cycle

332

demonstration towns in the UK (one UK based controlled before and after study (Sloman et

333

al, 2009 [-]) with a linked cost-benefit analysis (Department for Transport, 2010 [-]) and one

334

controlled before and after observational study (Goodman et al, 2013a [+])); and one

335

uncontrolled before and after study on infrastructure in USA (Hendricks et al, 2009 [-]).

336
337
338
339

UK based interventions
Sloman et al (2009 [-]) (linked to DfT 2010) conducted a controlled study to investigate the

340

change in prevalence of cycling following the implementation of Cycling Demonstration

341

Towns (CDT) in the UK. The programme, which included changes to physical infrastructure,

342

was implemented in 6 towns, with each receiving funding of equating to £10/head of

343

population/year. Each of the CDT local authorities were the local authorities that was

344

considered most similar using the National Statisitcs 2001 Area Classification where CDT

345

was not implemented (town names not given).

346
347

The prevalence of adults cycling at least 30 minutes per month increased by 28% between

348

baseline (2006) and follow up (2009) in CDTs (11.8% in 2006 to 15.1% in 2008; 3.3%-point

349

difference). Matched towns increased by approximately 1%-point over the same time. The

350

proportion of adult CDT residents who cycled regularly (≥30 minutes ≥12 times per month)

351

increased from 2.6% in 2006 to 3.5% in 2008, an increase of 0.9%-points or 37%. Matched

352

towns decreased by approximately 0.7%-point over the same period. The proportion of adult

353

residents of the CDTs doing any cycling in a typical week in the previous year rose from

354

24.3% in 2006 to 27.7% in 2009, an increase of approximately 3.4%-points or 14%. The

355

survey also revealed that the number of inactive people decreased by 10% in CDT towns

356

between 2006 (26.2%) to 2009 (23.6%), a decrease of 2.6%-points. The trends observed in
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357

CDT towns were reported to differ from underlying trends in cycling levels nationwide (levels

358

not specified) which show stable levels or even slight decline.

359
360

For total physical activity, a survey of the residents of CDT towns only showed the proportion

361

of adult respondents classed as inactive fell from 26.2% at baseline (2006) to 23.6% in 2009

362

(follow-up), a fall of 2.6%-points or 10%. The proportion of people of all ages in medium

363

urban areas who cycled ‘less than once a year’ or ‘never’ was reported as stable at 68 or

364

67% in each year between 2005 and 2008.

365
366

Data on personal cycling injury incidents was reported for four of the CDT towns; three of

367

which showed an increase in incidents (stated as not statistically significant, p not reported)

368

and one showing a decrease (stated as statistically significant, p not reported).

369
370

A cost benefit ratio analysis of the Cycling Demonstration Towns (CDT) programme

371

(Department for Transport (2010) [-]), estimated the impact on the six towns included the

372

first phase, from 2006 to 2009. The authors estimate that for every £1 spent on the CDT

373

programme that between £2.60 and £3.50 of benefits will be accrued due to reduced

374

mortality and non-morbidity impacts.

375
376

Goodman et al (2013a [+]) examined, through a controlled before and after study, whether

377

the town-wide ‘cycling demonstration towns’ or ‘cycle cities and towns’ influenced the

378

proportion of people cycling to work at 10 year follow up (2011-2011). In total, 18 town-wide

379

initiatives were implemented in urban areas of England outside of London. Interventions

380

varied across towns; all had environmental interventions such as cycle lanes, cycle parking,

381

cycle path improvements; and advanced stop lines. Three control groups were used:

382

intervention towns were similar to the matched comparison towns in terms of a range of

383

demographic, socio-economic, employment and industry characteristics identified using the

384

National Statistics 2001 Area Classification for local authorities , , and were also reasonably

385

similar to the national comparison group (similarity to unfunded group not detailed).

386
387

The percentage difference, at follow-up compared to baseline, in those cycling to work was

388

greatest in intervention towns (95% CI): Intervention Towns: +0.97 (0.91, 1.03);

389

Matched Comparison towns: +0.29 (0.23, 0.34); Unfunded Comparison towns: -0.05 (-0.07, -

390

0.02); and National Comparison group: -0.26 (-0.27, -0.24). In intervention towns, cyclists as

391

a proportion of commuters increased significantly more between baseline and follow up

392

compared to comparison towns (see evidence tables for detail).
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393
394

In intervention towns, walking and public transport use increased (+1.71 (1.62, 1.81) and

395

+0.32 (0.24, 0.41) respectively), and driving decreased between baseline and follow up -3.01

396

(-3.13, -2.88). The increase in walking and decrease in driving was significantly greater in

397

the intervention towns than all comparison groups; changes in public transport were similar

398

to comparison groups.

399
400

There was evidence of larger effects in towns placing greater emphasis on workplace cycling

401

initiatives, with this variable explaining around one third of the observed between-town

402

heterogeneity (regression coefficient 0.75 (95% CI 0.30, 1.21, adjust R2 41.9%). Cycling was

403

reported to have increased significantly in all quintiles of deprivation (although smaller

404

improvements were seen amongst most deprived).

405
406
407

US based intervention

408
409

Hendricks et al (2009 [-]) conducted an uncontrolled study to assess a variety of

410

interventions to increase active commuting among adults in the USA. These included the

411

installation of 6.5 miles of bike lanes on 13 urban roads; a 10-mile extension of the current

412

rail trail linking city with another small village; installation of new bike racks; and the

413

installation of bike carriers on all city transit buses. Observations took place at 10

414

intersections, at both baseline (pre-intervention) and then at follow up one year later, on the

415

same days of the week and times of day (7-9.30am, 11-2pm, 4.30-6.30pm). Active

416

commuting increased by 63% between baseline and 1 year follow up (from 1,028 to 1,853

417
418
419

active commuters)

420

skateboard / rollerblades / another form of active transport. Of the 558 cyclists recorded at

421

follow-up, 69% used the pavement for part of their travel. Authors report that this figure was

422

lower on streets where there were bike lanes (figures not reported).

Of those observed at follow-up, 67% were walking, 30% were biking, and 3% were using

423
424

Key limitations to the cycle infrastructure studies include: the need for assumptions which

425

reduce the robustness of the approach, high level analysis of results likely to obscure

426

differences in benefits across sites (Department for Transport 2010); large effect size

427

heterogeneity, lack of randomisation limiting causal inferences (Goodman et al 2013a);

428

limited baseline data, potentially inaccurate methods of counting participants, lack of clarity

429

about length of observation periods (Hendricks et al 2009); potential Interviewer bias, power
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430

not reported, use of convenient, repeat cross sectional data (Sahlqvist et al 2015);

431

inconsistency in methods of counting, likely underestimation of change owing to

432

categorisation of outcomes, possible influence of outside interventions on outcomes

433

(Sloman et al 2009).

434
435

Applicability: The evidence is directly applicable to the UK as all but one study was

436

conducted in the UK.

437

1. Department for Transport (2010) [-]

438

2. Goodman et al (2013a) [+]

439

3. Hendricks et al (2009) [-]

440

4. Sloman et al (2009) [-]

441
442
443

Trails: On-street cycle lanes

444

Four studies reported on the effectiveness of on-street cycle lanes; two controlled before and

445

after studies, one conducted in Norway [-]1 and one conducted in the USA [-]4; and two

446

uncontrolled before and after studies both conducted in the USA [-]2,[-]3.

447
448

Bjornskau et al (2012) [-] evaluated, through a controlled before and after study, the effect

449

of implementing marked on-road cycle lanes with signage in both directions of two one-way

450

streets compared with two control streets where no implementation took place. Further

451

details of control streets not given. At 10 month follow up, cycling volume increased by

452

approximately 50% on both intervention streets compared with a decrease in the control

453

streets (no figures given). Authors noted that “some of the increased cycle traffic may be the

454

result of transfer of cycle traffic from neighbouring streets” rather than an increase in cycling

455

per se. At follow up, cycling on pavements was also reduced in intervention streets but

456

unchanged between baseline and follow-up in control streets (see evidence tables).

457
458

Hunter et al (2009) [-] used an uncontrolled before and after study design to investigate the

459

effect of installing cycle lanes along two roads with previously low levels of cycling.

460

Combining the results for both streets, at follow-up (5-11 months) there was a 17% increase

461

(statistically significant p = <0.0001) in the number of bicycles counted per day after

462

installation of the bike lanes, though absolute numbers were very small (averages: baseline
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463

= 9.06, follow-up = 10.49). Cycle speeds were largely unchanged, as were results when

464

counter flow cycling was included.

465
466

Parker et al (2011) [-] conducted an uncontrolled before and after study to examine the

467

impact of 3.1 miles of marked on-road bike lane installed on both sides of the road. At 6-

468

month follow-up the average number of daily cyclists was 142.5 (SD ±18.5) compared to

469

90.9 (SD ±21.7) at baseline (p=<0.001). The intervention appeared to have a greater impact

470

on women than men (significance not reported). The average daily number of women riders

471

observed in the street increased from 12.6 at baseline to 29.4 at follow up (133% increase

472

p=<0.001). The average number of male riders increased from 77 at baseline to 111.2 at

473

follow up (44% increase p=<0.001). Authors stated there were very few children observed at

474

both time points (details not reported). The proportion of cyclists riding on the pavement did

475

not significantly change after the intervention (24.6% to 24.4%, p=0.90).

476
477

Parker et al (2013)[-] conducted a controlled before and after study to examine the impact

478

of a marked, on-road bike lane, on both sides of the road for 1 mile. The results of the

479

intervention street were compared with two streets which were adjacent to the intervention

480

street, with no bike lanes (to note that control streets had lower levels of cycling at baseline

481

p=<0.000). Proximity of the intervention and control streets could lead to contamination,

482
483

At 3 month follow-up, the change in average number of cyclists per day, comparing

484

intervention to control increased by 177.9 in the intervention street, and decreased by 18 in

485

the 2 control streets (p=<0.000). The authors note that there may have been displacement

486

of some of the cyclists using the control streets to the intervention street. The proportion of

487

riders using the pavement instead of the street did not change from baseline to follow-up in

488

the intervention street (baseline 93 %, follow-up 93 %; Z=−0.24, p=0.81). This was not

489

reported in the control street, but the proportion of people traveling with traffic decreased in

490

control streets (baseline 96.6 %, follow-up 93.5 %; p=0.002) implying that more were using

491
492
493

the pavement.

494

matching of control and intervention streets and any wider influences on cycling in control

495

streets (Bjornskau et al., 2012), lack of account of wider influences on cycling, lack of clarity

496

on true length of intervention and follow up undertaken at different season to baseline

497

potentially inflating results (Hunter et al (2009), lack of comparator street and inability to

498

control for wider influences on cycling Parker (2011); short term follow up and potentially

Key limitations to the on-street cycle lane studies include the following: little information on
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499

limited wider applicability of results due to being undertaken neighbourhood with low car

500

ownership and highly walkable destinations Parker et al (2013).

501
502

Applicability: The evidence is only partially applicable to the UK because the studies

503

were conducted in Norway and the USA.

504

1. Bjornskau et al., 2012 [-]

505

2. Hunter et al (2009) [-]

506

3. Parker et al (2011) [-]

507

4. Parker et al (2013) [-]

508
509

Trails and paths

510

14 studies reported on trails and paths. Eight controlled before and after studies, one

511

conducted in Australia [-]10 and seven in the USA [+]2, [-]3, [+]4, [-]7, [-]8, [-]13, [+]14; four

512

uncontrolled before and after studies three from the UK, [-]1, [-]5, [-]6, and one from the USA

513

[-]9; a mixed methods study [-]11, and a cost benefit analysis [-]12 both conducted in the UK.

514
515

Adams and Cavill (2015 [-]) [Linked with Sinnett and Powell 2012] conducted an uncontrolled

516

study to evaluate the change in pedestrian use of local routes following the implementation of

517

‘Fitter for Walking’ (FFW) areas in the UK. The programme, which includes changes to

518

physical infrastructure, was implemented in 12 areas, 5 of which were evaluated in this study.

519
520

The prevalence of pedestrian route users for all 5 areas combined, over both weekdays and

521

weekends, decreased by 19.4% between baseline and follow-up 1 (1-11 months after

522

intervention). The reduction observed in 4 of the individual sites ranged from 10.4% to

523

42.1%. Only one site saw an increase, 14%. The overall reduction in prevalence of

524

pedestrian route users remained when data was looked at separately for weekends (-35.3%)

525

and weekdays (-3.3%) (p not reported). At follow-up 2 (3 -19 months after intervention) the

526

prevalence of pedestrian route users for all 5 areas combined, over both weekdays and

527

weekends, increased by 14.9%. The increase was observed at all 5 sites, ranging from 5.4%

528

to 58.9%. The overall increase in prevalence of pedestrian route users remained when data

529

was looked at separately for weekdays (37.6%) but decreased for weekends (-7.5%) (p not
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530

reported). ‘Walking only’ was the dominant mode of transport form at both baseline and

531

follow-up 1 (79.9% and 80.7% of journeys).

532
533

Sinnett and Powell (2012 [-]) [linked to Adams and Cavill 2015] assessed the costs and

534

benefits associated with the Fitter for Walking (FFW) project in five less affluent UK towns

535

(London; Newcastle; Blackburn; Wolverhampton; Rotherham). A range of interventions to

536

increase short-distance walking were adopted between locations: all locations included both

537

infrastructural and promotional activity. See data extraction table for examples of

538

infrastructural interventions. Costs included resources, capital, and staff time costs. Benefits

539

were increases to average journey distance and/or average journey duration. The WHO’s

540

Health Economic Assessment Tool (HEAT) tool was used which calculates only mortality,

541

not morbidity, benefits.

542
543

At 12-month follow-up, average journey distance decreased in all locations except

544

Newcastle and Wolverhampton, and average journey duration decreased in all locations

545

except Wolverhampton. Benefit-cost ratios (BCRs) were negative for all locations (except

546

Rotherham which shows positive BCR for journey duration). Benefit cost ratios ranged from -

547

31.9:1 (Wolverhampton when considering journey distance) to 0.1:1.

548
549

At final follow-up point (varies by location: either 14-, 16-, or 18-month follow-up) London

550

ratios remain negative, as do ratios using journey duration in Newcastle, and journey

551

distance in Rotherham. Benefit-cost ratios range from -9.7:1 (London when considering

552

journey duration) to 46:1 (Wolverhampton when considering journey duration), with most

553

BCRs >1. This indicates that at final follow-up points, benefits of the programme are greater

554

than costs (with the exception of London). Ratios are impacted by initial costs of the project:

555

costs ranged from £104,481 (London) to £6,917 (Wolverhampton). Authors conclude that

556

each location (with the exception of London) has a BCR of between 0.9 and 46:1 for at least

557

one measure (journey duration or journey distance).

558
559

Clark et al (2014 [+]) used a controlled before and after study to compare the usage of 6

560

stretches of trail (between 3.1 miles and 8.7 miles long) which were altered by adding way-

561

finding and distance signage, to usage on 4 unaltered control trails with at least one

562

characteristic of the intervention trail e.g. commuter trail for cyclists, a trail paralleling a

563

drainage channel in an urban setting, or park-like suburban trails, over a period of one year.

564

The trails, in Southern Nevada, USA, differed in characteristics in terms of physical

565

infrastructure and amenities. Between baseline and 1-9 month follow-up, intervention trail

566

usage increased by 35%, and control trails by 31%, both significant increases (p = <0.01).
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567

However, there was no significant difference in the change scores between the intervention

568

and control groups (p = 0.3226). Between mid-intervention and 1-9 month follow-up, control

569

trail use did not change significantly (p = 0.69), but intervention trails did decrease

570

significantly (141 mean users per day to 107) (p = <0.01). The sharp increase at mid-

571

intervention was, according to the study authors, due to a promotional campaign. Use then

572
573
574

dropped for intervention trails to a level which was still an increase compared with baseline.

575

Dill et al (2014 [-]) conducted a controlled before and after study to investigate changes in

576

physical activity and active transportation in intervention groups following the installation of 8

577

‘bicycle boulevards’ (0.9-4.2 miles long) in Oregon, USA. Implemented on low-volume

578

streets, and involving the use of traffic calming methods, they were compared to 11 control

579

streets (1.0-5.7 miles long), often parallel streets, similar to intervention streets in urban form

580

and most demographic characteristics. Parallel streets may be subject to contamination, with

581

users switching between intervention and control streets or visa versa.

582
583

Between baseline and 2-12 month follow-up a decrease of 2.9% (61.1% to 58.2%) in the

584

number of participants making a bike trip was seen in the intervention group, compared to a

585

decrease of 2.5% (55.4% to 52.9%) in the control group (no statistically significant difference

586

between groups p = >0.10). The number of bike trips taken decreased in both groups

587

between baseline and 2-12 month follow-up (intervention from 5.6 [SD4.9] to 4.4 [SD 4.2],

588

control from 4.3 [SD 3.8] to 3.5 [SD 3.3]). The installation of a bicycle boulevard was

589

statistically significantly negatively correlated with number of bike trips (p = 0.06). No

590

between-group statistical significance reported. An increase was seen between baseline and

591

follow up in the percentage of people biking more than 10 minutes in the intervention group

592

(43.9% to 45.3%), while a decreased was observed in the control group (39.7% to 31.4%)

593

(between group difference not statistically significant: p = >0.1). However, a decrease was

594

seen in the intervention group in terms of mean minutes spent cycling (of trips >10 minutes)

595

from 103.9 (SD 73.0) to 65.9 (SD 74.7). Study authors suggest this could indicate that, of

596

those trips longer than 10 minutes, more were relatively short compared with baseline. More

597

than 10 minutes spent biking was significantly negatively correlated with the installation of

598

the bicycle boulevard (p = 0.00).

599
600

Fitzhugh et al (2010 [+]) conducted a controlled before and after study to assess changes

601

in directly observed physical activity of adults and Active Transport to School (ATS) of

602

children, following the installation of an asphalt greenway/trail (8 foot wide, 2.9 mile long) in

603

Tennessee, USA. The greenway connected residential and commercial areas within a
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604

neighbourhood. The intervention neighbourhood was compared to two control

605

neighbourhoods with no new greenway (reported to match in terms of socioeconomic

606

measures). It is unclear how close to the intervention streets the control streets are. For the

607

ATS, three intervention schools (2 elementary and one high school) and three control

608

schools (2 elementary and one middle-school) were included.

609
610

Between baseline (2 months before Greenway constructed) and follow up (14-months post

611

completion) there were significantly more adults walking and cycling in the intervention

612

location than the control location (median and Inter-Quartile Range): intervention: 13.0

613

people per 2-hour data collection period compared with 1.0 in the control (p = 0.028).

614

Significance remains when reporting for just walkers (p = 0.002) or just cyclists (p = 0.036),

615

actual figures not supplied.

616
617

Total physical activity counts for adults were significantly higher in the intervention compared

618

to control (from 4.5 people to 13.0 in intervention; 3.0 to 1.0 in control; p = 0.001).

619

Intervention change and control change were significantly different for both pedestrian (p =

620

0.001) and cyclists (p = 0.038) counts.

621
622

At follow-up, there were more children undertaking ATS at control schools (median of 19

623

children per two-hour count) than intervention schools (median of 9 children per two-hour

624

count). This difference was significant (p = 0.026). At baseline, the control group also had

625

higher ATS counts (30) than intervention (8.5). This difference is stated to not be significant

626

(figures not supplied). No significant difference was found between intervention group

627

change, and control group change between baseline and follow up (p = 0.2061).

628
629
630

Goodman et al (2013b [-]) [linked to Goodman et al 2014 and Sahlqvist et al 2015]

631

conducted an uncontrolled study to examine how local ‘Connect2’ interventions in 3 urban

632

areas in the UK are used by adults, and factors associated with use. Interventions consisted

633

of changes to infrastructure, such as the creation of new cycle and walking paths, bridges to

634

improve access and connections in local areas. Adults living within 5km road network

635

distance of any of the three Connect2 interventions were sent postal surveys including a

636

seven-day recall instrument and a short-form of the International Physical Activity

637

Questionnaire (IPAQ). Follow-up 1 was conducted 9 months after initiation of 2 of the

638

interventions. Follow-up 2 was conducted 21 months after initiation of 2 of the interventions

639

and 7 months after initiation of the third intervention.

640
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641

Reported use of their nearest intervention was 32% at follow up 1, with a further 32% aware

642

of it. By follow-up 2, 38% had used and a further 35% had heard of their nearest

643

intervention. Statistical significance not reported. In terms of walking, 29% of the total

644

sample (92% of those who had actually used the intervention routes) had used the

645

intervention routes for any kind of walking at follow-up 1, rising to 35% at follow-up 2 (91%).

646

In terms of cycling, 13% (39%) of respondents had used the intervention area for any form of

647

cycling at follow up 1, rising to 16% (43%) at follow-up 2. For both cycling and walking,

648

intervention routes were most commonly used for recreation, and least used for education

649

and business. Living closer to the intervention site was a predictor of greater use: those

650

living <1km away compared to those ≥4km away: follow-up 1 RR = 3.62 [2.27, 5.80]; follow-

651

up 2 RR = 3.38 [2.35, 4.87]).

652
653

Goodman et al (2014 [-]) [linked to Goodman et al 2013b and Sahlqvist et al 2015]

654

conducted an uncontrolled study to investigate the extent to which proximity to Connect2

655

interventions in 3 urban areas in the UK predicts changes in physical activity levels.

656

Interventions consisted of changes to infrastructure, such as the creation of new cycle and

657

walking paths, bridges to improve access and connections in local areas. Adults living within

658

5km road network distance of any of the 3 Connect2 interventions were sent postal surveys

659

including a seven-day recall instrument and a short-form of the International Physical Activity

660

Questionnaire (IPAQ) at baseline, follow up 1 and 2. Follow-up 1 was conducted 9 months

661

after 2 interventions running. Follow-up 2 conducted 21 months after first 2 interventions and

662

7 months after third intervention running.

663
664

At follow up 1 no statistically significant evidence was found that proximity to the intervention

665

predicts changes in activity levels.

666

minutes per week was found per km closer to the intervention [CI -4.2, 13.4, p not reported,

667

but CI demonstrates no statistical significance). For total physical activity an increase of 0.9

668

minutes per week was found per km closer to the intervention [CI -6.8, 8.5, p not reported,

669

but CI demonstrates no statistical significance)

In terms of total walking and cycling an increase of 4.6

670
671

At follow up 2 total walking and cycling was found to increase by 15.3 minutes per week per

672

km closer to the intervention [CI 6.5, 24.2, p = <0.001]). When adjusting for outliers, the

673

increase was found to be 9.2 minutes per week per km closer to the intervention [CI 0.6,

674

17.9, p not reported, but CI demonstrates statistical significance]). Total physical activity was

675

found to increase by 12.5 minutes per week per km closer to the intervention [CI 1.9, 23.1, p

676

not reported, but CI demonstrates statistical significance]). When adjusting for outliers, the
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677

increase was found to be 10.5 minutes per week per km closer to the intervention [CI 1.8,

678

19.2, p not reported, but CI demonstrates statistical significance])

679
680

Sahlqvist et al (2015 [+]) [linked to Goodman 2013b and Goodman et al 2014] examined

681

differences in awareness and use of local ‘Connect2’ interventions in 3 urban areas in the

682

UK through a qualitative study. Interventions consisted of changes to infrastructure, such as

683

the creation of new cycle and walking paths, bridges to improve access and connections in

684

local areas. Quantitative survey data and qualitative interviews were used to examine

685

differences between the three sites.

686
687

Residents’ perceptions of personal safety for walking and cycling, presence of cycle lanes,

688

pleasantness, presence of pavements, having low crime, and paths being well lit all

689

significantly improved between baseline and 2-years post-baseline in Cardiff. Results for the

690

two study areas were mixed: all measures increased for Kenilworth (some with statistical

691

significance), and most increased for Southampton (some with statistical significance)

692

although non-statistically significant reductions were seen for presence of pavement, walk

693

safety, and perceptions of low crime. Qualitative data revealed that residents’ perceived

694

need for the schemes varied across sites (see tables for more detail).

695
696
697

Gustat et al (2012 [-]) conducted a controlled before and after study to evaluate the extent

698

to which the installation of a path and playground in a neighbourhood in New Orleans, USA

699

increased community-wide physical activity. The path was 8 foot wide and 6 blocks long, and

700

connected a park in another neighbourhood to a commercial area. The intervention

701

neighbourhood was compared to two control neighbourhoods (one 1.5 miles and the other

702

5.4 miles from the intervention neighbourhood) with no interventions taking place.

703
704

Follow up was conducted about 10 months following implementation of the intervention, with

705

baseline data collected about 1 year before this. The intervention neighbourhood was split

706

into 2 groups – the first was area of path, the second was area of playground. Households

707

were randomly sampled to select participants to be surveyed. In addition, observers

708

collected data by driving through the neighbourhood (not limited to the new path) counting

709

anyone observed being sedentary or engaging in moderate (walking) or vigorous physical

710

activity.

711
712

Between baseline and follow up the survey (self-report) revealed that use of the walking trail

713

increased slightly but non-significantly (from 21.9% to 29.6%) p value not reported. The
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714

direct observations found a significant increase in the proportion of people engaged in

715

moderate and vigorous activity in those in the area of the path between baseline (36.7%)

716

and follow-up (41.0%) (p = <0.001). No significant change in those in the area of the

717

playground. Whereas in control areas a significant decrease was seen in control area for the

718

path (p = <0.001, no figures provided). No significant change in control area for the

719

playground.

720
721

Krizek et al (2009 [-]) [linked to Poindexter et al 2007] conducted a controlled study to

722

evaluate the impact of constructing bicycle facilities in Minnesota, USA, including on-street

723

and off-street bicycle paths and bridges, on the share of commuting journeys made by

724

bicycle. Follow up was conducted 10 years from baseline, it is not clear when the

725

interventions were implemented within this time period.

726
727

Areas for analysis were defined by: pre-set Traffic Analysis Zones (TAZ), which are areas of

728

land defined by government, typically 100-400 metres across. There were two intervention

729

analysis areas, described as ‘buffer 1’ (TAZs with a central point within 1.6km of any

730

intervention site) and ‘buffer 2’ (an extension of the buffer at either end of the trail for 0.8km).

731

Control areas were TAZs with central points greater than 1.6km away from an intervention

732

site.

733
734

Between baseline and follow up, bicycle mode share in ‘buffer 1’ increased from 1.563% of

735

all journeys to 1.775%, a significant result (p not reported); in ‘buffer 2’ it increased from

736

1.023% to 1.491% (2 SDs). The control zones also saw an increase from 0.510 to 0.627% (2

737

SDs).Trips crossing the river by bicycle, between baseline and follow up, also increased

738

significantly (3.021% to 4.604% of all journeys crossing the river, 2SDs). Study authors note

739

that this was in a context of generally increasing bicycle mode share.

740
741

Poindexter et al (2007 [-]) [linked to Krizek et al 2009] conducted an uncontrolled

742

investigation to examine the impact of building a bicycle facility in Minnesota, USA, on the

743

number of bicycle crashes in the intervention area. The intervention, ‘a Greenway’ is an off-

744

street bicycle ‘expressway’ with on-off ramps, it is traffic free, with pedestrian lanes

745

separated from cycling lanes. It forms part of larger network of 73 miles of continuous off-

746

street cycle facilities.

747
748

The analysis included cyclists who had undergone an accident which resulted in either bodily

749

injury or $1,000 in property damage within a 2.5km zone around the intervention. Baseline

750

was 3 years prior to the Greenway construction, with follow up post construction.
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751
752

At baseline, there were 78.33 (SD 8.33) crashes, at follow-up, this reduced to 50

753

crashes/year (reported as a significant difference, but no p-value or SD given). When the

754

buffer area was stratified by distance from the intervention, this decrease was only

755

significant in 0.0km-0.5km (crashes reduced from 26.57 to 12) and in0.5km-1.0km (crashes

756

reduced from 17 to 15) categories (see evidence table for data relating to longer distances).

757
758

Rissel et al (2015 [-]) conducted a controlled before and after study to evaluate the impact

759

of a new 2.4km bi-directional bicycle path separated from motor vehicles in Australia (part of

760

the City of Sydney’s expanding bicycle network) on awareness of and use of the bicycle

761

path, and differences in these factors between intervention groups living less than 2.5km

762

from the intervention, and control groups living a similar distance as the intervention groups

763

from the central business district, and with similar demographic profiles. Participants were

764

between 18 and 55, and must have ridden a bicycle before.

765
766

Although two objective count locations on the new route demonstrated increased bicycle

767

counts (at location 1 count increased by 23% from 812 at baseline to 1,001 at 4-month

768

follow-up; at location 2 count increased by 97% from 201 at baseline to 395 at 4-month

769

follow-up) and surveys showed significantly higher intervention-group compared with control-

770

group awareness of the new path (intervention 60% aware at 4-month follow-up; control

771

group 19%; p = <0.001), there was no significant change over time in proportion of survey

772

respondents reporting that they had cycled in the past week (intervention 29.2% at baseline

773

to 25.8% at 4-month follow-up; control 22.4% to 23.2% at 4-month follow-up, p-value not

774

clearly reported). Authors note that this could indicate the cycle route funnelling existing

775

riders to the new cycle path, rather than creating new riders.

776
777

Despite the stability in numbers reporting that they had cycled in the past week, participants

778

in the intervention area were significantly more likely than participants in the control area to

779

agree/strongly agree that compared to 12 months ago there were more people walking (54%

780

vs 38%, p = <0.001) and more people cycling (75% vs 59%, p = <0.001) in their local area.

781
782

West and Shores (2011 [-]) conducted a controlled before and after study to investigate the

783

effect of extending an existing riverside greenway in a midsized Southeastern US city by 5

784

miles on activity levels of home owners living within 0.5 miles of the greenway in a straight

785

line, compared with home owners living between 0.51 and 1.0 miles away (the control

786

group). This control group is methodologically poor, due to geographical proximity. Statistical

787

significance of differences between groups not reported, but groups appear similar.
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788

Greenways are described by the authors as open-space corridors reserved for recreational

789

use or environmental preservation that connect urban centres.

790
791

According to self-reported surveys, both groups saw increases between baseline and 11-

792

month follow-up in the mean number of the past 7 days which the respondent achieved ≥30

793

minutes of walking (intervention group 3.0 to 3.48 days; control groups 2.48 to 3.10 days),

794

the mean number of the past 7 days in which the respondent achieved ≥30 minutes of

795

moderate PA (intervention group 1.76 to 2.39 days; control groups 1.63 to 2.11 days), and

796

the mean number of the past 7 days in which the respondent achieved ≥20 minutes of

797

vigorous PA (intervention group 1.41 to 1.87 days; control groups 1.25 to 1.71 day). For

798

intervention and control groups combined, increases in walking, moderate-, and vigorous

799

physical activity are significant (p = 0.003, 0.000, and 0.000 respectively). However, the

800

difference between the increase in the intervention group, and the increase in the control

801

group is not significant (p = 0.363, 0.476, 0.962 respectively)

802
803

Authors state that this indicates that nearer participants did not increase their activity

804

significantly more than the further group of participants, and that the control group and

805

intervention group may not have been different enough in distance to observe an effect.

806
807

West and Shores (2015 [+]) used a controlled before and after study to evaluate the effect

808

of extending an existing greenway in North Carolina, USA by 1.93 miles on activity levels of

809

home owners living within 1 mile of the greenway in a straight line, compared with home

810

owners living in a neighbourhood located 2-3 miles from the greenway (the control group).

811

Authors state that groups have similar sociodemographic composition.

812
813

Results of a self-reported survey demonstrate that the intervention group did not increase

814

their activity significantly more than the control group. Although the mean number of the past

815

7 days which the respondent achieved ≥30 minutes of walking increased for both groups

816

between baseline and 11-month follow-up (intervention group 2.57 to 2.91; control group

817

2.71 to 2.88, significance of change scores not reported), differences in change scores

818

between intervention and control were not significant (p = 0.998). The mean number of the

819

past 7 days in which the respondent achieved ≥30 minutes of moderate PA decreased for

820

both groups between baseline and 11-month follow-up (intervention group 1.68 to 1.60;

821

control group 1.94 to 1.76, significance of change scores not reported), but differences in

822

change scores between intervention and control were not significant (p = 0.998). The mean

823

number of the past 7 days in which the respondent achieved ≥20 minutes of vigorous PA

824

decreased for both groups between baseline and 11-month follow-up (intervention group
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825

1.42 to 1.40; control group 1.86 to 1.51, significance of change scores not reported), but

826

differences in change scores between intervention and control were not significant (p =

827

0.982).

828
829

Authors find that the only significant predictor of activity after the intervention was previous

830

physical activity (walking before intervention predictive of walking after intervention, p <0.00;

831

moderate activity before intervention predictive of moderate activity after intervention,

832

p<0.00; vigorous activity before intervention predictive of vigorous activity after intervention,

833

p<0.00).

834
835

Key limitations to the trails and paths studies include the following: variation in length of

836

follow-up between sites, self-selection of participants and lack of survey information at

837

follow-up (Adams and Cavill, 2015); unquantified effects of on-going behavioural

838

interventions, infra-red sensor’s inability to detect groups of people walking, and use of only

839

one sensor per trail (Clark et al 2014); variation between projects creating multiple

840

intervention conditions, higher retention in intervention groups and premature follow-up data

841

collection due to delays in intervention installation (Dill et al 2014); lack of description of

842

sample groups or differences between them, use of assessor’s judgement to identify who

843

were students [participants] (Fitzhugh et al 2010); low response rates, lack of a comparator

844

city and use of self-reported data (Goodman et al 2013b; Goodman et al 2014); variation in

845

outcome measures at baseline, inability to control for all confounding variables, subjective

846

definitions of vigorous physical activity (Gustat et al 2012); potential self-selection of

847

intervention groups if routes are implemented as a result of demand; lack of description of

848

sample groups or differences between them, lack of clarity of length of follow-up time (Krizek

849

et al 2009); underrepresentation of cycle-cycle accidents or those not resulting in bodily or

850

>$1,000 of property damage (Poindexter et al 2006); sample younger than target population

851

so may not be representative, high loss to follow-up, non-validated survey questions (Rissell

852

et al 2015); potential interviewer bias introduced by multiple interviewers; increase in

853

awareness (one of the outcomes) caused by repeated surveying of the same sample rather

854

than by the intervention (Sahlqvist et al 2015); baseline measures taken after

855

implementation of some interventions, lack of consistency in final follow-up times (Sinnett

856

and Powell 2012); potential contamination between intervention and control groups,

857

subjective measures of moderate and vigorous physical activity (West and Shores 2011);

858

small sample size, self-reported data and short follow-up times (West and Shores 2015).

859

Applicability: The evidence is only partially applicable to the UK because the studies

860

were conducted in the USA, Australia as well as the UK.
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861
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862

2. Clark et al (2014) [+]

863

3. Dill et al (2014) [-]

864

4. Fitzhugh et al (2010) [+]

865

5. Goodman et al (2013b) [-]

866

6. Goodman et al (2014) [-]

867

7. Gustat et al (2012) [-]

868

8. Krizek et al (2009) [-]

869

9. Poindexter et al (2007) [-]

870

10. Rissel et al (2015) [-]

871

11. Sahlqvist et al (2015) [-]

872

12. Sinnett and Powell (2012) [-]

873

13. West and Shores 2011 [-]

874

14. West and Shores 2015 [+]

875
876
877

Safe routes to schools

878
879

5 studies reported on Safe Routes to School (SRTS) interventions. Two controlled before

880

and after studies were included, one was conducted in Denmark [-]4 and one in the USA [-]1.

881

Three additional US based studies were included; one uncontrolled before and after study [-

882

]5, one cost effectiveness study [+]2, and one study that included a controlled before and

883

after, a qualitative, and a cost benefit section [-]3.

884
885

Hoelscher et al (2016 [-]) conducted a controlled before and after study to investigate the

886

effects of schools being allocated an infrastructure SRTS project or a non-infrastructure

887

SRTS project compared with demographically matched unfunded control schools on

888

proportion of students engaging in active commuting to school (walking, cycling, or a
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889

combined walking and cycling measure). Infrastructure projects were environmental, for

890

example improving pavements or crossings. Non-infrastructure projects were behavioural

891

only.

892
893

No actual figures are presented for this study and no comparison is made between

894

infrastructure and non-infrastructure projects, only with control. Authors state that the

895

increase in percentage of children actively commuting to school in the morning was

896

significantly higher in the infrastructure group (p=0.024) and the non-infrastructure group

897

(p=0.013) compared with the control group. However, the percentage of children actively

898

commuting from school in the afternoon decreased significantly more in the non-

899

infrastructure group than in control group (p=0.009), but non-infrastructure schools still had

900

marginally higher afternoon rates compared with control schools (p=0.084) due to their

901

higher rates at baseline (afternoon change in infrastructure group are not reported).

902
903

Infrastructure schools had marginally higher (p = 0.078) and non-infrastructure schools had

904

higher (p=0.036) rates of active school commuting average over the whole day compared

905

with control schools. Results indicate that both infrastructure and non-infrastructure projects

906

may be associated with higher rates of active commuting in the morning, but not in the

907

afternoon.

908
909

Muennig et al (2014 [+]) assessed the cost-effectiveness of multiple SRTS programmes

910

which targeted high risk intersections in New York City through various interventions

911

(including construction of new pavements, bus lanes, crossings to calm traffic, improved

912

signage) compared with status quo. Effectiveness was calculated both for whole population,

913

and for school aged children. Costs included SRTS capital costs, injury and death costs, and

914

transportation costs.

915
916

Results of the calculations suggest that over a period of 50 years, the programmes may

917

result in large financial savings. Total benefit for school-aged SRTS users in New York City

918

is estimated as $220,826,117. For all pedestrians, the net societal savings was

919

$230,047,354. Quality Adjusted Life Years (QALYs) are also gained: for school-aged SRTS

920

users, the incremental gain is 417 QALYs, compared with status quo. For all pedestrians,

921

the incremental QALYs were 2,055 compared with status quo. This means that the

922

intervention both saves money and results in QALYs gained. Authors state that this analysis

923

is robust to all sensitivity analyses.

924
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925

Orenstein et al (2007 [-]) conducted a controlled before and after study with a qualitative

926

survey and cost benefit analysis to investigate the effects of multiple SRTS projects in

927

Californian schools with students aged 5-18 on change in active commuting and traffic-

928

related injuries in comparison to nearby schools with no SRTS interventions, and conducted

929

a cost benefit analysis to determine whether projects deliver greater benefits than costs.

930

Projects varied across schools, but included improvements to pavements, traffic calming,

931

improved traffic signals, upgrades to crossings, and bicycle paths. Some behavioural

932

components were also included.

933
934

Only three out of 125 participant intervention schools provided active commuting data, and

935

these reported increases of between 8% and 304.5% for walking and between 8% and

936

160% for biking between baseline and follow-up, compared with a general State-wide trend

937

of decreased active commuting. Large range, potentially rare events in the case of cycling,

938

and varied data collection periods between schools mean this may not be reliable. Although

939

according to State Traffic Records, control areas saw a greater decrease (15%) in traffic-

940

related injuries involving children aged 5-18 between 1998 and 2005 than the intervention

941

group (13%, 95% CI -2%, 23%), authors state that, based on the background trends of

942

decreased active commuting outside of SRTS areas, the estimated road safety benefit of the

943

programme may range from no net change to a 49% decrease in collision rate among

944

children. As these figures involve assumptions, this conclusion is tentative.

945
946

Authors consider costs as initial programme costs only, and benefits as avoiding cost of

947

fatalities and injuries to children as a result of SRTS programmes. Results showed that, over

948

one year of the project, the cost of preventing a collision varied from $282,779 to $40,397

949

depending on the percentage increase in walking and biking delivered by the SRTS

950

programmes (from 10% to 100%). Authors do not draw conclusions on whether or not this

951

justifies the costs of the programme.

952
953

Ostergaard et al (2015 [-]) conducted a controlled before and after study to investigate the

954

effectiveness of a school cycling promotion programme implemented at 13 primary schools

955

(“Safe and Secure Cycling to School” [SSCS]) on increasing physical activity, increasing

956

active commuting to school, and decreasing injury frequency of 10-11 year old children in

957

intervention schools compared with children of the same age in 12 control schools in the

958

same city with no intervention. The SSCS programme included environmental interventions

959

(i.e. road surfacing, traffic regulation like one-way streets and car drop-off zones) and

960

behavioural interventions (i.e. competitions, traffic policies, training).

961
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962

The changes observed in the intervention group between baseline and 1-year post-baseline

963

follow-up and the changes observed in the control group over the same time were not

964

statistically significantly different for any outcome: change in leisure time physical activity

965

(beta coefficient -0.09; 95% Confidence Interval -0.21, 0.03; p = 0.124); change in general

966

method of transport to and from school (beta coefficient -0.02; CI -0.10, 0.05; p = 0.485);

967

change in cycling last week beyond school cycling (beta coefficient -0.04; CI -0.14, 0.05; p =

968

0.355); change in method of transport to and from school in the past week (beta coefficient

969

0.15; CI -0.25, 0.54; p = 0.463). This indicates that the programme was not associated with

970

increased physical activity.

971
972

There were no significant differences in incidence of traffic injuries, severe traffic injuries, or

973

injury by transport mode between intervention and control group at either baseline or follow-

974

up (see Evidence Table for non-significant figures).

975
976

Stewart et al (2014 [-]) conducted an uncontrolled before and after study to investigate

977

assessed changes in rates of active school transport after implementation of SRTS projects

978

in schools in multiple states in the USA between baseline and follow-up, which authors state

979

was usually one to several months after project completion. SRTS projects could be

980

infrastructure (for example improving pavements or crossings), non-infrastructure

981

(behavioural interventions only) or a combination of both, and projects of all types were

982

combined in the analysis – no control was used. Data was obtained from the SRTS

983

database, and only projects with both baseline and follow-up data were included.

984
985

When results for all SRTS projects were combined (no analysis was presented comparing

986

infrastructure and non-infrastructure separately), there was a statistically significant increase

987

in all measures of activity compared to baseline. Overall active school transport rates

988

increased by 39% (4.9 percentage points, 12.7% to 17.6%, p = <0.0001). Walking increased

989

by 30% (2.7 percentage points, 9.0% to 11.7%, p=<0.0001), and bicycling increased by 50%

990

(0.8 percentage points, 1.6% to 2.4%, p=0.011) compared to baseline. Authors found a

991

significant negative relationship between baseline rates of bicycling to school, and changes

992

in rates of bicycling to school (p=0.009), indicating that schools with low rates at baseline

993

underwent larger increases than schools with high rates at baseline.

994
995

Key limitations to the SRTS studies include the following: selection bias in schools that

996

applied for SRTS funding compared with controls, reporting bias in the omission of actual

997

figures and subjectivity in self-reported measures (Hoelscher et al 2016); lack of

998

consideration of social or health benefits associated with increased exercise underestimating
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999

effect (Muennig et al 2014); wide confidence intervals and uncertainty of results due to rare

1000

events, variation in data collection methods between schools, potential assessor bias, and

1001

low response rates likely to reduce reliability (Orenstein et al 2007); varied and short follow-

1002

up periods between projects mean outcome behaviours may not have embedded, presence

1003

of significant differences in outcome measures between groups (Ostergaard et al 2015);

1004

inclusion of behavioural intervention aspects which could affect results, variation in

1005

implementation and data collection methods across projects, and non-representativeness of

1006

the sample to the population (Stewart et al 2014).

1007
Applicability: Evidence is only partly applicable to the UK, as four studies were
conducted in the USA, and one in Denmark.
1. Hoelscher et al 2016 [-]
2. Muennig et al 2014 [+]
3. Orenstein et al 2007 [-]
4. Ostergaard et al 2015 [-]
5. Stewart et al 2014 [-]

1008
1009
1010
1011

4. Discussion

1012
1013

Strengths and limitations of the review

1014

Overall, the quality of the studies was poor. As noted in section 3.3, none of the studies

1015

were graded [++] and only 6 studies were graded [+]. The remaining 24 studies were

1016

graded [-]. 5 economic evaluations were identified.

1017

Consistent themes do emerge across the studies:

1018



1019
1020
1021

Improvements to walking and cycling infrastructure are more likely to impact on the
physical activity of people living close by.



While on street cycle lanes may significantly increase levels of cycling, the absolute
increase, in terms of number of individuals, is likely to be very small.
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1022



Changes to physical infrastructure did not always result in participants increasing their

1023

physical activity levels significantly more than control groups, this may have been the

1024

result of the groups not being different enough in terms of distance to observe an effect.

1025



Increases in physical activity levels may not be in those people who were previously

1026

inactive but rather the result of infrastructure changes funnelling existing cyclists and

1027

walkers to new paths/streets/trails.

1028



Insufficient follow up times may impact of whether interventions were found to

1029

significantly increase physical activity levels; adequate time is required to allow

1030

behaviour change to take place.

1031



There is a need to be mindful of what else might be happening in an intervention area;

1032

one of the trail studies observed a sharp increase in physical activity levels at mid-

1033

intervention owing to a promotional campaign, after which levels tailed off.

1034
1035



Although health economics data was of low quality, interventions in this review tend to be
cost effective.

1036

Several limitations were present across many of the studies, some of which are common to

1037

this field of study, and some of which are specific to this review.

1038

Many studies did not use a control group to control for other influences on outcome

1039

measures. Of the 30 studies in this review, 16 included control groups. Several do not

1040

include enough information on the control group to determine whether it is sufficient to

1041

reduce confounding (i.e. no information on distance from intervention site or similarity to

1042

intervention group). Four others (Parker et al 2013; Dill et al 2014; Krizek et al 2009; West

1043

and Shores et al 2011) use control groups which are unlikely to effectively reduce

1044

confounding, normally due to the intervention being so close to the control streets as to

1045

cause contamination, or due to intervention population / area being separated from the

1046

control with no buffer in between.

1047

For several types of intervention, self-selection occurred where participants were required to

1048

apply for funding for particular projects, or where projects are likely to be the result of

1049

demand in that area. Several interventions had behavioural elements which may have

1050

impacted the outcomes reported, but which could not be separated from environmental

1051

aspects. For several studies evaluation methods were inconsistent, particularly where data

1052

was collected by participant groups, and for other studies the methods used to count

1053

participants were potentially inaccurate. Self-reported data was widely used and may be

1054

subject to social desirability bias. Many studies were either unclear about the length of

1055

measurement periods and when they took place in relation to the intervention and baseline

1056

data collection, or had very short measurement periods. Where studies included multiple
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1057

areas, results were often high level, obscuring differences in benefits across sites. Finally,

1058

there is a lack of reporting on the impact of interventions on those with mobility problems or

1059

disabilities.

1060

Further detail of the strengths and weaknesses of individual studies can be found in the

1061

evidence tables (Appendix 2).

1062

Adverse effects

1063

Few studies actively considered adverse effects.

1064



Increasing the number of people engaged in active travel, such as cycling, has the

1065

potential to increase the absolute number of accidents, even if these decrease as a

1066

proportion of all cyclists. After implementation of the Cycle Demonstration Towns

1067

programme, one study (Sloman et al 2009) showed that three out of four towns

1068

underwent a non-significant increase in incidents. The remaining town showed a

1069

significant decrease. A further study, Poindexter et al (2006) specifically looked at the

1070

number of cyclists who had undergone an accident following the installation of a

1071

greenway. While the number of accidents was reported to have decreased it only

1072

accounted for those which resulted in either bodily injury or $1,000 in property

1073

damage and therefore the rate of cycle-cycle accidents is not known.

1074



Interventions may require additional consideration to make them accessible and

1075

available to the population regardless of socioeconomic status, to ensure that they

1076

contribute to reducing rather than exacerbating health inequalities. One study of

1077

cycling demonstration towns (Goodman et al (2013a) reported that cycling had

1078

increased significantly in all quintiles of deprivation but that smaller improvements

1079

were seen amongst most deprived.

1080



The provision of on-street cycle lanes may have been expected to lead to declines in

1081

the level of cycling on pavements, however, this was often not the case (for example,

1082

see Parker et al (2011) and Parker et al (2013)). This may be perceived as a

1083

negative behaviour: in some places it is unlawful, and may also pose a risk to

1084

pedestrians and other users of pavements, particularly those with disabilities. If

1085

prevalent, it could be speculated that it might discourage these individuals from

1086

walking on pavements, or wanting to walk at all. Some types of interventions may

1087

even potentially increase levels of pavement cycling, for example, a study by

1088

Hendricks et al (2009) of a variety of intervention to increase active commuting

1089

observed increases of 63%, 30% of which were cycling, however, of these 69% used

1090

the pavement for part of their travel.
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1091



Certain studies observed decreases in physical activity following interventions. Dill et

1092

al (2014), for example, found the installation of a bicycle boulevard was statistically

1093

significantly negatively correlated with number of bike trips taken (p = 0.06).

1094

Likewise, Fitzhugh et al (2010) found that following the installation of a greenway,

1095

there were more children undertaking active travel to school at control schools than

1096

intervention schools (median of 19 children and 9 children per two-hour count

1097

respectively, p = 0.026).

1098
1099

Applicability

1100

Seventeen of the 30 studies were from the US with 8 from the UK, 1 was from Mexico and

1101

USA, 1 from Norway, 1 from Denmark, 1 from Belgium, and 1 from Australia. The

1102

applicability of studies from other countries may be limited if cultural differences affect

1103

population acceptability and use of public transport, active modes of travel and car

1104

ownership, as well as habits related to travel such as riding on pavements. Where these are

1105

different from in the UK, this will reduce applicability

1106
1107

Gaps in the evidence

1108

Insufficient evidence was identified to answer the following questions:

1109



Does effectiveness and cost effectiveness vary for different population groups (no

1110

evidence on those less able to be physically active and none on those with

1111

disabilities; limited evidence by socioeconomic group; limited evidence for children

1112

(except for studies on safe routes to schools))

1113



Are there any unintended or adverse events (few data reported)

1114



Who needs to be involved to ensure intervention are effective for everyone

1115
1116
1117
1118

(unclear from evidence)


What factors ensure interventions are acceptable to all groups (some evidence on
factors that might ensure acceptability but not for all groups)?

For more information on gaps in the evidence and Expert Testimony, see Appendix 7.

1119
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1120

5. Evidence Statements

1121
1122
1123
1124

The committee noted that the majority of studies included in the evidence reviews were
considered poor quality. However, they also noted that the body of evidence as a whole
indicated a consistent ‘direction of travel’ whereby sympathetic changes to the environment
and/or public transport provision increase physical activity.

1125
1126
1127
1128
1129
1130
1131

The committee noted that the complexity and scale of the interventions makes this an
extremely challenging area of research. It may not be possible, practical or ethical to
undertake a randomised controlled trial and natural experiments may be the most valid
approach. They also noted that variations in methodology used to evaluate the impact of
interventions in different groups over different time points meant that the committee did not
feel comfortable pooling the heterogeneous outcome data. For example, for the following
reasons:

1132
1133
1134



Physical activity outcomes being presented both as continuous (i.e change in
METmins achieved) and dichotomous (i.e. whether guidelines on physical activity
were met).

1135
1136



Outcomes measured at follow-up points which were varied in length i.e. immediately
after intervention implementation compared with 18 months after implementation.

1137
1138
1139

Ciclovia / Street Closures

1140

GRADE Evidence Statement 2.1– Ciclovia / Street Closures

1141
1142
1143
1144

One study from the USA1 with 589 participants presented very low quality evidence showing
implementing street closures may contribute to participants meeting the recommended 150
minutes of physical activity, as an average of 19.4% participants over three events met the
recommendation.

1145
1146
1147

One study from Belgium2 with 122 participants presented low quality evidence showing that
implementing play streets increased time spent engaging in moderate and vigorous physical
activity in children when compared to children residing in non-participating streets.

1148
1149
1150
1151

The same study also presented very low quality evidence showing implementing play streets
had no effect on mean minutes of sedentary time per day. The study from the USA1
presented very low quality evidence that between 34% and 55% of individuals attending the
street closures events would have been sedentary if they had not attended the events.

1152

1

1153

2

Torres et al, 2016
D’Haese et al, 2015

1154
1155

Non-GRADE Evidence Statement 2.2: Ciclovia Cost Benefit
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1156
1157

One cost benefit analysis1 with high risk of bias [-] conducted in Mexico and USA reported
data suggesting that Ciclovia programmes are cost effective.

1158
1159
1160
1161
1162
1163

According to the HEAT model, the benefit cost ratio (BCR) for the programme in Mexico was
1.02-1.23 (between $1.02 and £1.23 in benefits for every $1 in costs). For the programme in
the USA, the BCR was 2.32 ($2.32 in benefits for every $1 in costs). The difference in the
medical cost for an active person and their inactive counterparts must be $51.10 in Mexico
and $269.40 in the USA to achieve a ratio over 1. As this was achieved in both instances,
both programmes were beneficial.

1164

1

Montes et al (2011) [-]

1165
1166
1167

Trails and Paths

1168

GRADE Evidence Statement 2.3 – Improvement of cycle infrastructure for active

1169

commuting

1170
1171
1172
1173
1174

One USA study1 with 1853 participants presented very low quality evidence that
improvement of cycle infrastructure (including installation of bike lanes, extension of an
existing trail, new bike racks in public places and bike carriers on public buses) increased
the total number of active commuters by 63% (of which 67% were walking and 30% were
cycling) at 1 year follow up.

1175

1

Hendricks et al, 2009

1176
1177

GRADE Evidence Statement 2.4 – Cycle Demonstration Towns

1178
1179
1180
1181
1182
1183
1184
1185

One UK study1 examining data from 6 towns with 1,266,337 participants presented very low
quality evidence showing that introducing a variety of cycling interventions (included school
travel planning; cycle facilities at schools, pedestrian bridges) increased the proportion of
individuals self-reporting that they cycle regularly (≥30 minutes ≥12 times per month) by 0.9
percentage points, and increased observed cycling by 27% (absolute numbers not reported)
between baseline and 1-3 years follow up. The same UK study presented very low quality
evidence that introducing a variety of cycling interventions increased active travel (cycling to
work) in intervention towns compared to the control groups at 10 year follow up.

1186
1187
1188

One UK study2 with more than 9000 participants presented very low quality evidence
showing that introducing a variety of cycling interventions decreased the number of
respondents describing themselves as inactive by 2.6 percentage points at 3 year follow up.

1189
1190
1191
1192
1193

One UK study1 presented low quality evidence that introducing a variety of cycling
interventions increased public transport use by 0.32%-points, decreased driving by 3%
between baseline and follow up and increased walking by 1.71% at 10 years follow up.
Cycling increased in all quintiles of deprivation although smaller improvements were seen
amongst most deprived areas.
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1194

1

1195

2

Goodman et al, 2013a
Sloman et al, 2009

1196
1197

Non- GRADE Evidence Statement 2.5: Cycle Demonstration Towns [CDTs]

1198
1199

One study1 with a high risk of bias [-] based in the UK conducted a cost-benefit analysis
which presented data suggesting that CDTs are likely to be cost saving.

1200
1201
1202

For every £1 spent on the CDT programme, between £2.60 and £3.50 of benefits are
reported to be accrued due to reduced mortality, accidents and absenteeism, as well as
decongestion and amenity impacts.

1203

1

Department for Transport 2010 [-]

1204
1205

GRADE Evidence Statement 2.6 – Various on-street and off-street bicycle paths and

1206

bridge improvements

1207
1208
1209
1210
1211

One USA study1 presented very low quality evidence showing that introducing on-street and
off street bicycle paths and bridge improvements increased the proportion of all journeys
which were taken by bicycle in those living within 1.6km of the intervention in relation to
other types of transport by between 0.21 and 0.47 percentage points (13.4 – 45.9%
increase) between baseline and 10 year follow up.

1212

1

Krizek et al 2009

1213
1214

GRADE Evidence Statement 2.7 – A new greenway for cyclists

1215
1216
1217
1218

One USA study1 presented very low quality evidence showing that a new greenway for
cyclists decreased the number of reported accidents involving cyclists by 28 crashes (from
78 crashes to 50) per year within 2.5km radius at 1 to 2 year follow up, this reduction was
only meaningful up to 1km from the intervention.

1219

1

Poindexter et al 2007

1220
1221

GRADE Evidence Statement 2.8 – Extension of the existing greenway

1222
1223
1224
1225

Two USA studies1, 2 with 343 participants presented very low quality evidence that extending
a greenway made no difference to the mean number of days spent engaging in at least 30
minutes of walking, moderate and/or vigorous physical activity in residents living within 1
mile of the greenway ( at 11 month / 1 year follow up).

1226

1

1227

2

West and Shores 2011
West and Shores 2015
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1228
1229

GRADE Evidence Statement 2.9 – Improvement to routes (Infrastructural changes)

1230
1231
1232

One UK study1 with 3541 participants presented very low quality evidence showing that
improving trail routes increased the number of pedestrians walking along the route by 14.9%
at 3-19 months follow up.

1233

1

Adams and Cavill 2015

1234
1235

GRADE Evidence Statement 2.10 – Bicycle only road and off street bicycle facility

1236
1237
1238

One Australian study1 with 1396 participants presented very low quality evidence showing
that introducing a bicycle boulevard and off street bicycle facility increased cycling along the
route by 23% and 97% compared to 3% across the control areas at 4 month follow up.

1239
1240
1241

One USA study2 with 154 participants presented very low quality evidence showing that
introducing a bicycle only road and off street bicycle facility had no effect on the number of
participants taking cycling and walking trips.

1242
1243
1244
1245
1246

The same study also presented very low quality evidence showing that introducing a bicycle
only road1 and off street bicycle facility increased the proportion of participants taking bicycle
journeys, however, the mean minutes spent cycling (of trips lasting more than 10 minutes)
decreased from 103.9 minutes (SD 73.0) to 65.9 minutes (SD 74.7) between baseline and
2-12 month follow up.

1247

1

1248

2

Rissel et al 2015
Dill et al 2014

1249
1250

GRADE Evidence Statement 2.11 – 6 trails with new way-finding signage

1251
1252

One USA study1 presented very low quality evidence showing that introducing way finding
signage had no impact on the mean number of trail users at 1-9 months follow up.

1253

1

Clark et al 2014

1254
1255

GRADE Evidence Statement 2.12 – Greenway/Path connecting residential and

1256

commercial areas

1257
1258
1259
1260

One USA study1 presented very low quality evidence showing that introducing a greenway
connecting residential and commercial areas increased the number of individuals walking
(p=0.001) and cycling (p=0.038) but had no effect on the number of children engaging in
active transport to school at 14 month follow up.

1

Described as a boulevard
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1261
1262
1263
1264
1265
1266
1267

One USA study2 presented very low quality evidence showing that introducing a greenway
connecting residential and commercial areas increased the proportion of individuals
observed engaging in moderate and/or vigorous physical activity by 4.3 percentage points
and 2 percentage points (p<0.001) respectively. The same study presented very low quality
evidence showing that the same intervention had no effect on the proportion of people
reporting use of the trail for leisure and for transportation between baseline and 10 months
follow up.

1268

1

1269

2

Fitzhugh et al 2010
Gustat et al 2012

1270
1271

GRADE Evidence Statement 2.13 –Connect2 interventions including traffic free

1272

bridges and new riverside boardwalks

1273
1274
1275
1276
1277
1278
1279
1280
1281

One UK study reported in two publications1 with 3516 participants presented very low quality
evidence showing that Connect2 interventions (including traffic free bridges and new
riverside boardwalks) increased walking and cycling along the intervention routes. The study
also presented very low quality evidence showing a decrease in moderate to vigorous
physical activity at both 9 months and 21 months follow up. There was no association
between the proximity of residents to the intervention route and time spent on either walking,
cycling and moderate to vigorous physical activity at one year follow up, however individuals
residing 1 km away from the intervention had an increase of between 9.2 min/wk and 15.3
min/week spent in walking and/or cycling at 2 years follow up.

1282
1283
1284
1285

The same study presented very low quality evidence showing that the respondents had
greater awareness of the three Connect2 interventions (including traffic free bridges and new
riverside) boardwalks at 1 year follow up compared to baseline and reported use was greater
in the area with the highest proportion of awareness.

1286

1

Goodman et al 2013b, Goodman et al 2014

1287
1288

Non-GRADE Evidence Statement 2.14: Connect2 interventions including traffic free

1289

bridges and new riverside boardwalks

1290
1291
1292
1293

One mixed methods study1 with low risk of bias [+] based in the UK included qualitative
interviews with 17 participants to explore the use and impact of Connect2 interventions
(including traffic free bridges and new riverside boardwalks) in three sites (Cardiff,
Kenilworth, and Southampton), prior to implementation.

1294
1295
1296

Expected primary use of the intervention, whether mainly commuting or mainly recreational,
varied between sites, depending on whether affected routes led into a main town (mainly
commuting), or across countryside (mainly recreational).
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1297
1298
1299

Where current trails were perceived as particularly unsafe or isolated, there was a higher
perceived need for the improvements. In order for routes to be well used, participants
reportedly perceived coherence of destinations and feeder routes to be important.

1300

1

Salhqvist et al 2015 [+]

1301
1302

GRADE evidence statement 2.15: On-Street Cycle Lanes

1303
1304
1305
1306
1307

Four studies with 19,535 participants, one from Norway1 and three from USA2, 3, 4, presented
low quality evidence showing that introducing on-street cycle lanes, separated from traffic by
road markings only, increased the number of cyclists counted per day at 3 to 11 months
follow up (increases of between 17 and 224.6%). Baseline numbers ranged from 9 to 91
cyclists observed per day, and at follow-up ranged from 10 to 257 cyclists observed per day.

1308
1309
1310
1311

Two studies3,4 based in the USA with 6,297 participants presented low quality evidence that
implementing on-street cycle lanes increased the percentage of cyclists cycling with traffic
rather than against it at 3 to 6 months follow up (between 2.8 and 8.5%-point increase, or
between 3 and 11.6% increase)).

1312
1313
1314
1315
1316
1317
1318
1319
1320

Three studies1,3,4 with 6,297 participants, two from the USA and one from Norway, presented
very low quality evidence that on-street cycle lanes had mixed effects on the percentage of
cyclists riding on the pedestrian sidewalk. One study1 reported a decrease in the proportion
of cyclists cycling on the pavements - 47% to 23% in one street and 22% to 5% in another
street from baseline to follow up. The same study reported that cyclists stated they cycled
less on the pavements in the intervention streets after counter-flow cycling was permitted,
however pedestrians felt more insecure on these intervention streets. The two remaining
studies3,4 reported no change in the proportions of cyclists cycling on the pavements (24.6%
to 24.4%, p=0.90 and 93% to 93%; p= 0.8, respectively) at 3 to 11 months follow up.

1321

1

Bjornskau et al 2012

1322

2

Hunter et al 2009

1323

3

Parker et al 2011

1324

4

Parker et al 2013

1325
1326

Non-Grade Evidence Statement 2.16: Fitter for Walking programme

1327
1328
1329
1330
1331
1332

One study1 with high risk of bias [-] based in five locations in the UK conducted a costbenefit analysis which presented data suggesting that Fitter for Walking programmes may
deliver benefits in excess of costs in some situations. The study reported benefit cost ratios
(BCRs) for the project by individual location when using a) self-reported journey duration per
week and b) self-reported journey distance per week at 14-20 month follow-up. HEAT, which
takes into account only mortality benefits, was used.
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1333
1334
1335
1336
1337
1338
1339

Results found that using journey duration produced BCRs below 1 (i.e. lower benefits than
costs) for 2 of the five locations (-9.6:1; -0.4:1), and above 1 for three locations (2.2:1; 46:6;
3.7:1). When using journey distance, three of five locations had BCRs below 1 (-6.6:1; 0.9:1;
-4.1:1) and 2 had BCRs above 1 (9.6:1; 34:1). BCRs appear to be strongly affected by initial
project costs: the most expensive programme (London: £104,481) had BCRs below 1 for
both measures, and the only location with BCRs above 1 for both measures had the lowest
costs (Wolverhampton: £6,917)

1340

1

1341
1342
1343
1344
1345
1346

Sinnett and Powell 2012 [-]

Safe Routes to Schools
GRADE evidence statement 2.17: Safe Routes to School [SRTS]

1347
1348
1349
1350
1351
1352
1353
1354
1355

Two studies from the USA1,2 targeting school children presented very low quality evidence
showing that SRTS interventions (such as improved sidewalks and crossings, speed
reduction, traffic signals, car drop off zones and non-infrastructure projects which were
behavioural in nature) increased rates of active commuting to school in children at 1-month
to 3-year follow-up. However one of these studies1 presented very low quality evidence that
these interventions did not increase total physical activity (number of days children achieved
≥30 mins outdoor physical activity), and another study4 presented very low quality evidence
that interventions did not cause a change to time children spent in leisure time physical
activity.

1356
1357
1358
1359
1360
1361

One Danish study4 with 2,401 participants presented very low quality evidence that SRTS
interventions had no effect on changing the proportions of children cycling to school,
contradicting two studies from the USA2,3 which targeted school children and presented very
low quality evidence that these interventions increased the percentage of children walking to
school (by between 2.8 and 304.5%), and increased the percentage of children cycling to
school (by between 0.8 and 160%) at 1-month to 7-year follow-up.

1362
1363
1364
1365

Two studies from the USA3 and Denmark4 targeting 2,401 students (reported by one study –
the second does not report participant numbers) presented very low quality evidence that
introducing SRTS interventions did not change the proportion of children involved in traffic
incidents.

1366

1

1367

2

1368

3

1369

4

Hoelscher et al 2016
Stewart et al 2014
Orenstein et al 2007
Ostergaard et al 2015

1370
1371

Non-GRADE Evidence Statement 2.18: Safe Routes to School [SRTS]
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1372
1373
1374

One mixed methods study with high risk of bias [-] based in the USA included a qualitative
survey to gather perceptions of changes in safety in schools which had implemented SRTS,
with 114 SRTS projects providing responses.

1375
1376
1377
1378

The study reported that students, parents, teachers, administrators and school bus operators
all appreciated the improved safety measures. It also reported that designated drop-off
zones and areas for school traffic improved safety and decreased disruption to non-school
traffic.

1379

1

Orenstein et al 2007 [-]

1380
1381

Non-Grade Evidence Statement 2.19: Safe Routes to School [SRTS]

1382
1383
1384
1385
1386

Two studies considered costs of SRTS programmes; one of which reported data suggesting
SRTS programmes are cost effective1, and the other presenting too little data to be
conclusive2. The first was a cost effectiveness study1 with low risk of bias [+] based in the
USA, and the second was a mixed methods study2 with a cost benefit analysis with high risk
of bias [-] also based in the USA.

1387
1388
1389
1390
1391

The cost effectiveness study2 results suggested that over a period of 50 years, savings are
made both when considering school-aged SRTS users ($220,826,117) and all pedestrians
($230,047,354). QALYs are also gained for both school-aged SRTS users (417 QALYs) and
all pedestrians (2,055 QALYs) compared with status quo, indicating that the intervention
both saves money and results in QALYs gained.

1392
1393
1394
1395

The study looking at costs and benefits2 did not report cost benefit ratios however, reported
instead the cost per collision prevented for different levels of increased walking and biking.
This ranged from $282,779 per collision reduced for a 10% increase, to $40,397 per collision
reduced for a 100% increase.

1396

1

Muennig et al 2014 [+]

1397

2

Orenstein et al 2009 [-]
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