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The potential of Built Environment for health
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The potential of Built Environment for health
London Cholera, 1854
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Urban health challenge has transformed – CHRONIC DISEASE (complex etiology)!
REPLACING “DEPRIVATION “ BY “CHRONIC DISEASE”

Startling similarities: The areas of London at high risk of diabetes in the present day map of London, left, are
virtually the same as those which are most deprived in Charles Booth's social map of 1889, right.
BMJ Open 2012;2:e000711; Daily Mail, 17 Feb. 2012.

London Smog: 1952

Piccadilly Circus, London (Dec. 6, 1952)
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Urgent necessity to reunite urban planning and design with
public health/epidemiology

Urban Health (UH) theory
•
•
•
•
•
•
 Importance of built environment

Miasma UH theory
Germ UH theory
Risk-factor UH theory
Molecular UH theory
Social UH theory
Complex UH theory

Modern Urban Plagues
• Sedentary life styles, unhealthy eating, stress….
• Increasing incidences of obesity including childhood obesity.
• Increasing incidences of cardio-metabolic diseases.
• Significant increases in psychological disorders, accounting for 14 per
cent of the global disease burden and 28 per cent of all disabilityadjusted life-years (United Nations, 2010).
• Significant demographic shifts, with almost 3.4 billion people now living
in urban areas, a figure that is estimated to rise to 6.3 billion by 2050

• Projected doubling of the population of those aged 60 years and above
from 11 per cent in 2006 to 22 per cent of the global population by 2050
(WHO, 2007).
• Urban pollution, smog, global climate change.
• Socio-economic disparity in developing economies.

Just imagine the health
expenditures of these
in coming decades !

Impending methodological challenge in
Built Environment – Health studies
Complexity in causation of chronic disease:
o
o
o
o

multiple environmental exposures,
small effects,
exposures over a period of time (life-course approach),
Gene*Environment interactions.

Designing large scale prospective studies with substantial statistical
power: enables detection of complex associations (small effect sizes).
Individual level analyses as opposed to ecological studies (avoids
ecological fallacy and modifiable areal unit problem).
Objective assessment of built environment to avoid subjectivity of selfreported measures.

Measurement of built environment at multiple spatial scales.
Enhanced automation of BE measures to enable replicability (automated
modelling & BE metrics linkage to multiple health cohorts).

Our niche methodology
• Large data sets to establish the etiology of BE->Health
• Reliable, accurate, standardised objective measures of
accessibility that’s easily replicable
• Measure individual not aggregate associations
• Multi-scale measures to capture complex interactions
• Data linkage with Panel studies to capture causality and time
effects.
General

Special

Accessibility

Accessibility

Connectivity to
everyone and
everything else,
objectively
measured

Connectedness

Connectivity to specific
health enhancing and
reducing locations,
objectively measured

Special
Accessibility

Pilot:
Caerphilly Built Environment Prospective study

Dwelling layout level indicators
• Building centred density

Dwellings per street segment

• Dwellings per street segment
• Plot Exposure
• Dwelling type
• Property price within 500m
buffer
Dwelling type
30m

Dwelling layout level indicators

Building centred density

Plot exposure
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Land use mix
Land use mix, often called land use entropy, reflects the evenness of distribution of square footage of
land in different types of land uses or the degree of land use heterogeneity. Higher land use mix
reduces the amount of travel to reach common activities leading to more trips on foot, bicycle and
transit and hence, indicates higher levels of accessibility among the various land use elements.
Land use
dynamics

Retail
Business & offices
Residential
Community services
Recreation & leisure

Enhanced Walkability:
Mixed land uses minimising trip lengths
 Accessible community

Reduced Walkability (car dependant):
Zoned land uses, creating longer trip
lengths  Reduced accessibility
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Street network distance to nearest green space
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Accessibility to Medical & Healthcare Services
(Proximity in metres)
1,600 to 2,000
1,200 to 1,600
800 to 1,200
400 to 800
0 to 400
All Others
Medical & Healthcare Services

Accessibility

Caerphilly Constituency Boundary

0

2

kilometres
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4

Route network
based proximity
to Medical &
Healthcare
Services (Health
Centre, Surgery,
Dental Surgery
and Clinic, etc)

Accessibility to Sports Facilities & Grounds
(Proximity in metres)
1,600 to 2,000
1,200 to 1,600
800 to 1,200
400 to 800
0 to 400
All Others
Sports Facilities & Grounds

Accessibility

Caerphilly Constituency Boundary

0

2

kilometres
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4

Route network
based proximity
to Sports
Facilities (Play
Field, Football,
Cricket, Tennis,
Basketball,
Leisure Centre,
Sports Pavilion,
Fitness Club,
Golf,
Gymnasium,
Snooker etc)

Slope model
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Greenness measured by Normalized Difference Vegetation Index (NDVI)

Greenness
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Index of Multiple deprivation
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General
Accessibility

Street network configuration

Route section AB associated with least distance costs and higher angular and
topological costs
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Street network configuration

Route section AB associated with least angular and topological costs
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CLOSENESS and BETWEENNESS

Route section AB associated with high path overlap and high through movement potential24
(route choice)

Interpretation of closeness and betweenness
• Closeness indicates relative degree of opportunity
• Betweeness indicates through-movement:
– Positive effects of demand
– Negative effects of crowding

Log Betweenness

Betweenness RN
Choice legends

Betweenness R3000m
Choice legends

Choice legends
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Medium
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Low

Low

Low
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Spatial Design Network analysis performed over UK Ordnance Survey licensed Integrated Transport Network Layer
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Betweenness R1200 m

Pilot: Study 1

• Retrospective cohort analysis of change in BMI on 3
occasions over 12 years (encompassing phases 3, 4 & 5)
• 684 men with complete covariate data
• Change in BMI associated with:
•Land use mix
•Density of retail, churches and recreation
•Network morphology (street-level betweenness)
•Slope variability
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Key Findings – physical design affects on obesity in elderly men
In our fully controlled three-level random effects model, seven of the 16 BE design
variables were observed to be significantly associated with obesity
DENSITY OF AMENITIES was inversely associated with the BMI levels (βretail=-0.902,
p<0.01; βchurches=-0.754, p<0.01; βrecreation=-0.418, p<0.05) [MULTIPLE DESTINATION
ATTRACTION EFFECT]
Higher LAND USE MIX was associated with higher BMI (β=0.352, p<0.05)
[UNFRIENDLY ENVIRONMENT EFFECT]
Higher local-scale BETWEENNESS at radius of 1200 metres was associated with
poorer weight outcomes (β=0.862, p<0.05); while higher city-scale BETWEENNESS
at 3000 metres was associated with improved weight outcomes (β=-1.088, p =
0.001) [LOW DENSITY EFFECT?]
Higher SLOPE VARIABILITY was associated with improved weight outcomes (β=0.306, p<0.05) [INCLINED EXERCISE EFFECT]

Controlling for socio-economic and lifestyle factors and for vascular disease had
negligible impact upon the influence of BE factors.
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Pilot: Study 2

Built environment
morphometrics

Prevalence of
psychological distress
(logistic model); N = 687
O.R. (95% Cr.I.) p-value

Dwelling type (terraced vs. Semi-detached)

0.48 (0.22, 0.99) p=0.03

Land use mix (T2 vs. T1)

0.63 (0.33, 1.20) p = 0.07

Land use mix (T3 vs. T1)
Density of bus stops

0.42 (0.17, 0.99) p = 0.03
1.04 (0.98, 1.11) p = 0.07

Density of business & offices

1.02 (0.99, 1.04) p = 0.08

Street movement potential – 1200m

0.54 (0.28, 0.98) p < 0.03

Topography (standard deviation in slope)

1.38 (1.00, 2.01) p = 0.05
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Key Findings – Physical design affects on mental health of elderly men
Among the dwelling level variables, respondents living in terraced houses
exhibited better psychological health compared to those living in detached
houses after full adjustments (OR=0.48, p = 0.03) [N’HOOD SOCIAL
CAPITAL EFFECT?]
Land use mix was significantly associated with lower odds of psychological
distress (OR = 0.42; p = 0.03 for the highest tertile and OR = 0.63; p = 0.07
for the middle tertile)
Bus stop density (OR = 1.04; p = 0. 07), and density of business and offices
(OR = 1.02; p = 0.08) were mildly associated with higher odds of
psychological distress
Local level BETWEENNNESS at a radius of 1200 metres was beneficially
related to mental health (OR=0.54, p = 0.03) [SOCIAL CAPITAL EFFECT?]
Slope variability was consistently associated with poorer mental health
(OR=1.38, p = 0.05) [ISOLATION EFFECT?]

The area level between-LSOA random effects component of the analysis
remained small and non-significant throughout our models indicating
negligible between-areas heterogeneity in mental health.
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Study 3
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Travel data – London Travel Demand Survey (LTDS)
LTDS – An annual rolling survey
by Transport for London of
travel patterns in the Greater
London area (2006-2009).
Face to face interviews to
capture information on
individuals, trips, trip stages
and vehicles.
Design stratified by the 32
boroughs so as to include 250
households/borough.
N= 15,354 (80%)
7,161 households (geocoded)
3,770 LSOA neighbourhoods.

Results (significant BE morphometrics)
Odds of walking (logistic
model); N = 15,354

Distance walked;
N = 8,610

O.R. (95% CI) p-value

β (95% CI) p-value

Density of street trees

1.06 (1.03, 1.10) p<0.001

0.039 (0.007, 0.071) p=0.016

Mean NDVI (Q2 vs. Q1)

NS

NS

Mean NDVI (Q3 vs. Q1)

NS
NS

0.113 (0.024, 0.20) p=0.013
0.106 (0.018, 0.193) p=0.016

Betweenness 400m (Q2 vs. Q1)

1.15 (0.99, 1.32) p=0.06

NS

Betweenness 400m (Q3 vs. Q1)

1.14 (0.97, 1.33) p=0.01

NS

Betweenness 400m (Q4 vs. Q1)

1.29 (1.09, 1.53) p<0.001

NS

Betweenness 3000m (Q2 vs. Q1)

0.86 (0.75, 0.99) p=0.03

NS

Betweenness 3000m (Q3 vs. Q1)

0.84 (0.72, 0.98) p=0.03

NS

Betweenness 3000m (Q4 vs. Q1)

0.84 (0.71, 0.99) p=0.03

NS

Built environment

Mean NDVI (Q4 vs. Q1)

Q1, Q2 Q3, Q4 – 1st, 2nd, 3rd, 4th quartiles ; NS = not significant
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Key findings: Physical design effects on walkability in Greater London
Propensity to walk (doing some walking i.e. > 100metres) was significantly
associated with street-level design features
- Beneficial association with density of street trees within 1 Km street buffer
(SALUTOGENIC ENVIRONMENT/STREET DESIGN EFFECT).
- Beneficial association with betweenness at walkable scale of 400 m (+VE
NETWORK EFFECTS OF AGGREGATED OPPORTUNITIES).
- Negatively associated with betweenness at meso-scale of 3000 m (COMMUNITY
SEVERANCE NETWORK EFFECT).
- Beneficial association with accessibility to service destinations at LSOA-level
(DENSITY MIXED USE URBANISM).
- Null association with NDVI index.
In our second series of models, the distance walked in a subset of the respondents
who walked more than 100 metres was:
- Beneficially associated with objective NDVI greenness within 500 m buffer.
- Beneficially associated with density of street trees within 1 Km buffer.
- Null association with urban morphology and accessibility variables.
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UK Biobank Urban Morphometric Platform
(UKBUMP) – A nationwide resource for evidencebased healthy city planning and public health
interventions
THE BIG PROJECT

UK Biobank Prospective Cohort
N=503,325 men and women from UK aged 40-69 years
registered to National Health Service were recruited during 20062010.
UKB participants resided 25 miles of one of the 22 major cities of
England, Scotland and Wales.
Extensive baseline data on socio-demographics, lifestyle
(including diet, physical activity), medical history, anthropometrics
and blood samples, hospital records. Data on bio-markers of
cardio-metabolic disease and genetics included.

Key features – accelerometer-based PA and imaging for
N=100,000, 24-hr diet recall questionnaire.
A large sample size ensures robust BE-health modelling as a
sufficiently large number of people developing various disease
conditions can be captured.

UK BIOBANK URBAN MORPHOMETRIC PLATFORM (UKBUMP)
A high resolution spatial database of 750 plus health-specific urban
morphological metrics (morphometrics).
Morphometrics modelled at individual level for each of 0.5 million
UKB participants across 22 UK cities.

State-of-the-art spatial and network analyses techniques on multiple
national level databases including UK Ordnance Survey Mastermap,
AddressBase Premium, UKMap, UK Land Registry, NAPTAN,
BlueSky DTM and CIR.
UKBUMP linked to UK Biobank health database.
Act as a national-level platform for Healthy Cities research.
Healthy High Density Cities Lab. (CS and CW) within HKU leading
the collaborations with University of Oxford (CTSU, Psychiatry),
Cambridge (Land Economy, CEDAR), Cardiff, UK Ordnance Survey.

PROSPECTIVE, DETAILED,
and BIG!!!

Spatial locations of 22 UK
Biobank assessment
centres with number of
participants.

Conceptual model

Description of built environment morphological metrics of the UK Biobank Urban
Morphometric Platform (UKBUMP)
Urban
morphometrics

Data source

Description

Spatial scale

Land use morphometrics
Density of healthpromoting/inhibiting
destinations

UK Ordnance Survey
Address Base
Premium, National
Public Transport
Access Nodes
(NaPTAN) dataset.

Densities of more than 200
categories of potential healthpromoting/-inhibiting destinations
were measured within pre-defined
street catchment area.

500, 1000, 1500 and 2000
metres street catchment of an
UKB participants' dwelling
and census-defined LSOA.

Health-specific
destination
accessibility

UK Ordnance Survey
Address Base
Premium.

Network proximity to 36 healthspecific destinations.

UKB participants' dwelling
unit.

Accessibility to
food
environments

UKMap data for
London.

Densities and street network
distance to nearest were measured
for 19 different typologies of foodrelated destinations.

500, 1000and 1500 metres
street catchment of an UKB
participants' dwelling and
census-defined LSOA for
participants of UK Biobank
assessment centres of BARTS,
Croydon and Hounslow.

Urban network morphometrics
Street-level
accessibility

UK Ordnance Survey
Integrated Transport
Network (ITN).

spatial Design Network Analysis
(sDNA) model was employed to
measure the street-level physical
accessibility. A suite 20
accessibility indices including
network centrality, network
detour, network shape and
efficiency, link characteristics and
radius-based indices were
measured.

19 different catchment radii
from 400, 800, 1200, 1500,
2000, 3000, 5000, 7500,
10000, 12500, 15000, 17500,
20000, 25000, 30000, 35000,
40000, 45000, 50000 metres
to account the influence of
physical accessibility at micro(neighbourhood), meso- (city)
and macro- (regional) levels.

Dwelling-level morphometrics
Residential
density

UK Ordnance Survey
Address Base
Premium.

Densities of 9 categories of
500, 1000, 1500 and 2000
dwellings within pre-defined street metres street catchment of an
catchment area.
UKB participants' dwelling
and census-defined LSOA.

Building age and
type

Cities Revealed
6 building age categories and 12
building class dataset. building type categories.

UKB participants' dwelling
unit.

Physical environment
Greenness

0.5-metre resolution
colour infrared image
(CIR) licensed by Blue
Sky.

Degree of greenness was
calculated as the Normalized
Difference Vegetation Index (for
0.5m x 0.5m) raster cells.

500 metres Euclidean buffer
of an UKB participants'
dwelling.

5-metre resolution
digital terrain model
licensed by Blue Sky.
Area-level deprivation

Terrain and degree of slope
variability

500 and 1000 metres
Euclidean buffer of an UKB
participants' dwelling.

Index of multiple
deprivation (IMD)

Degree of deprivation expressed as LSOA of an UKB participants'
an overall deprivation score as well dwelling.
as with respect to deprivation subdomain scores for income,
employment, health and disability,
education, access to services,
community safety/crime, physical
environment and housing) for 2008
and 2010/11.

Terrain

English/Scottish/Wels
h index of multiple
deprivation.

Individual and neighbourhood wealth
Property price

UK land registry data
for Wales.

Property price in pound sterling
and average property price within
the catchment.

UKB participants' dwelling
unit and postcode of
residence for participants of
UK Biobank assessment
centres of Cardiff, Swansea
and Wrexham.

UK Biobank Urban Morphometric Platform (UKBUMP) – Health modelling studies
(developed by CS & CW)

Study of physical activity of
UKB participants residing in
areas with high density and
street level accessibility

PHASE I:
Generalized
associations
between BE
attributes & health
outcomes for the
entire cohort

PHASE II:
Natural experiments
on a subset of the
cohort (based on
measured risk
profiles)

Dietary intake, obesity and access
to healthy/unhealthy food outlets
in deprived neighbourhoods

Mental health and cognitive
function and exposure to green in
suburban and rural communities

Few ongoing/planned BE-Health outcomes modelling studies
of UKBUMP
Study1: Urban density vs. physical activity, obesity, diabetes,
hypertension and cardiac heart disease; N~150,000.

Study 2: NDVI greenness vs. physical activity, obesity, % body fat and
cardiac heart disease; N~150,000.
Study 3: Urban morphology at multiple spatial scales vs. physical activity,
obesity and % body fat; N~150,000.
Study 4: Access to food outlets moderated by socio-economic deprivation
vs. physical activity, obesity, % body fat and diabetes.
Study 5: Telomere length and CHD vs. urban green and socio-economic
deprivation (to be planned on data availability).

Study 6: Health outcomes data derived from hospital episodes and
cancer registries vs. UKBUMP urban morphometrics (longitudinal).

Street-level accessibility (walkable and community-level
betweenness for London)
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Street-level accessibility (Regional betweenness for South Wales and
Bristol)

Spatial Design Network analysis performed over UK Ordnance Survey licensed Integrated Transport Network Layer

Terrain (Wales: Cardiff, Swansea, Wrexham)

Terrain and terrain variability is
measured as mean and standard
deviation in slope within 0.5 and
1.0 km street catchment of a
UKB participant’s dwelling
location.

Modeled NDVI index for the study
area and around a specific LTDS
respondent’s dwelling ‘A’.
Color Infrared licensed by BlueSky; received and distributed by the Landmap Services of MIMAS, The University
of Manchester. ©GeoPerspectives, Supplied by BlueSky

Colour infrared image and single street
trees around a specific LTDS
respondent’s dwelling ‘A’.
Color Infrared licensed by BlueSky; received and distributed by the Landmap Services of MIMAS, The University
of Manchester. ©GeoPerspectives, Supplied by BlueSky

Network Greenness – Mean NDVI within along 15-m buffer along road link

Color Infrared licensed by BlueSky; received and distributed by the Landmap Services of MIMAS, The University
of Manchester. ©GeoPerspectives, Supplied by BlueSky
Street network form UK Ordnance Survey Integrated Transport Network Layer

Conclusions
Increasing necessity to take individual health and the economics
of it in to the equation while we plan, design, construct and retrofit
cities, buildings and indoor microenvironments.
All our decisions should be governed by hard evidence.
Raise up our game – strong need to collaborate with public
health and epidemiology to overcome current urban health
challenges.
UKBUMP introduces a step-change in the methodological rigour
in BE-Health studies are performed and will provide robust
evidence at a large scale for urban health professionals and
researchers.

THANK YOU !

