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AbstrACt
Introduction Numerous studies have found associations 
between characteristics of urban environments and 
risk factors for dementia and cognitive decline, such as 
physical inactivity and obesity. However, the contribution 
of urban environments to brain and cognitive health 
has been seldom examined directly. This cohort study 
investigates the extent to which and how a wide range of 
characteristics of urban environments influence brain and 
cognitive health via lifestyle behaviours in mid- aged and 
older adults in three cities across three continents.
Methods and analysis Participants aged 50–79 years 
and living in preselected areas stratified by walkability, air 
pollution and socioeconomic status are being recruited in 
Melbourne (Australia), Barcelona (Spain) and Hong Kong 
(China) (n=1800 total; 600 per site). Two assessments 
taken 24 months apart will capture changes in brain 
and cognitive health. Cognitive function is gauged with 
a battery of eight standardised tests. Brain health is 
assessed using MRI scans in a subset of participants. 
Information on participants’ visited locations is collected 
via an interactive web- based mapping application 
and smartphone geolocation data. Environmental 
characteristics of visited locations, including the built 
and natural environments and their by- products (e.g., air 
pollution), are assessed using geographical information 
systems, online environmental audits and self- reports. 
Data on travel and lifestyle behaviours (e.g., physical and 
social activities) and participants’ characteristics (e.g., 
sociodemographics) are collected using objective and/or 
self- report measures.
Ethics and dissemination The study has been approved 
by the Human Research Ethics Committee of the Australian 
Catholic University, the Institutional Review Board of 
the University of Hong Kong and the Parc de Salut Mar 
Clinical Research Ethics Committee of the Government of 
Catalonia. Results will be communicated through standard 
scientific channels. Methods will be made freely available 
via a study- dedicated website.
trial registration number ACTRN12619000817145.

IntroduCtIon
Dementia prevention is a global health 
priority. Around 40–50 million people suffer 
from dementia worldwide and these figures 
are expected to almost double by 20301 2 due 
to population ageing.3 Mild cognitive impair-
ment (MCI) that is not severe enough to meet 

strengths and limitations of this study

 ► By recruiting participants from residential areas
stratified by walkability, air pollution and socioeco-
nomic status from three cities varying in exposures
and lifestyle behaviours, this study will allow a ro-
bust estimation of dose–response relationships of
urban design and the relevant by- products (e.g.,
pollution) with brain and cognitive health.

 ► This study will provide a comprehensive assessment 
of multiple environmental factors and multiple life-
style behaviours by which environments may affect
brain and cognitive health. This will allow improved
understanding of which environmental characteris-
tics are related to brain and cognitive outcomes and
by which mechanisms.

 ► The focus on locations visited for daily activities
rather than only residential neighbourhoods will en-
able a more accurate estimation of individual expo-
sure to features of the urban environment.

 ► The comprehensive assessment of lifestyle be-
haviours and individual- level moderators (apolipo-
protein E genotype, physical health and personality
traits) will assist the identification of optimal pat-
terns of lifestyle activities that can be integrated in
individually tailored lifestyle interventions, taking
into account individual genetic factors and environ-
mental living conditions.

 ► Current resources can support only two assess-
ments, 24 months apart. This may not be a suffi-
ciently long period to detect changes in certain
exposures and/or outcomes.

http://bmjopen.bmj.com/
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a diagnosis of dementia also causes significant disability 
and healthcare costs.4 The prevalence of MCI across eight 
countries, determined using various criteria, ranges from 
2% to 21%.5 As no effective pharmacological treatment 
for dementia and MCI is yet available, prevention is the 
best strategy to lower their incidence, associated disability 
and costs.

An important cornerstone of a global strategy for long- 
term dementia and MCI prevention is cognitive health 
promotion during adulthood. Cognitive health promo-
tion aims to minimise cognitive decline among those with 
MCI, and to maintain cognitive function in healthy indi-
viduals by targeting relevant modifiable risk factors that 
reduce the risk of neurodegeneration and increase cogni-
tive resilience,6 7 a concept used to explain a person’s 
capacity to maintain normal cognitive function in the 
presence of brain pathology.

A report by the Institute of Medicine (USA) on cogni-
tive ageing and the maintenance of cognitive function 
identified solid or moderate evidence for several modi-
fiable factors that contribute to cognitive health in mid- 
life and late life, including: physical activity; intellectual 
activities; social activities; air pollution; reduction or 
management of cardiovascular disease risk factors (e.g., 
smoking, hypertension and diabetes) and adequate 
sleep.8 Importantly, it was noted that much less was known 
about lifestyle risk factors for cognitive health across the 
lifespan compared with dementia- based outcomes. The 
report also highlighted the importance of finding effec-
tive approaches to sustaining behavioural changes that 
promote healthy cognition across the lifespan.8

Environmental and policy interventions targeting 
cognitive health- enhancing behaviours and other expo-
sures (e.g., air pollution) are particularly relevant in this 
context because they can influence entire populations for 
a sustained amount of time.9 In line with these ideas, the 
Global Observatory for Ageing and Dementia Care high-
lighted the need for evidence- based, multilevel, multi-
sectoral (urban planning and design, transportation, 
residential aged care, health) strategies to yield signifi-
cant, large- scale, sustainable reductions in incidence of 
dementia.1 However, empirical evidence to inform multi-
sectoral strategies to reduce dementia risk and promote 
cognitive health is lacking because most research in these 
fields has focused on individual- level factors (e.g., life-
style behaviours and biomarkers), while broader envi-
ronmental factors (e.g., neighbourhood attributes) and 
people’s interactions with the environment have been 
largely overlooked.

As over half of the world’s population lives in cities 
and the rate of urbanisation is rapidly increasing,10 it is 
particularly important to study the effects of urban envi-
ronments and their characteristics on cognitive health. 
Urbanisation leads to economic development and better 
access to education, culture and healthcare,11 which 
are deemed to benefit physical and cognitive health. 
However, rapid, and often unplanned, urban growth and 
densification is typically associated with poverty, crime, 

air pollution, noise, environmental degradation and 
population demands that outstrip service capacity. These 
negative conditions have adverse effects on human health 
and the health of the planet.11 Evidence- based, health- 
oriented urban design is increasingly recognised as a key 
strategy to improve health outcomes through the modifi-
cation of the physical features of urban environments,12 
as documented in a recent series of papers published 
in The Lancet.13 However, such a strategy requires solid 
knowledge of the health impacts of the key aspects of 
urban environments.

A substantial number of studies have reported signif-
icant effects of aspects of the urban environment (resi-
dential neighbourhoods, in particular) on physical 
activity, cardiovascular health and obesity,14–18 which are 
established determinants of cognitive health.8 However, 
the role of urban environments in relation to brain and 
cognitive health has received little attention. Preliminary 
support for the importance of urban design for brain and 
cognitive health comes from a few recent studies, which 
found mixed land use, access to various types of destina-
tions and/or access to public transport to be predictive 
of better cognitive health19 20 and brain health.21 Yet, the 
findings have not been consistent. Unexpected negative 
or curvilinear associations between measures of destina-
tion accessibility and cognitive function have also been 
reported.22 23 These contrasting findings may be due to 
unadjusted confounders, such as exposure to air and 
noise pollution or green spaces.24

Using a broad socioecological framework,9 we hypoth-
esise that urban environments affect brain and cognitive 
health indirectly by influencing travel (e.g., mode of trans-
port and visited locations) and other lifestyle behaviours 
(e.g., engagement in social, intellectual and physical 
activities) and, more directly, by exposing residents to 
potentially harmful (e.g., noise and pollution) environ-
mental factors (urban design by- products in figure 1). For 
example, high- density neighbourhoods with easy access to 
shops, services and parks are important enablers of active 
travel and recreational physical activity,14 16 which, in turn, 
benefit brain and cognitive health by enhancing affec-
tive states, cardiometabolic health, neurogenesis, brain 
connectivity and by reducing inflammation and oxidative 
stress.1 8 25 However, all these positive effects may vanish 
if, as a result of being physically active in a high- density 
neighbourhood, individuals become exposed to harmful 
environmental factors, such as traffic- related air pollution 
and noise, which damage brain and cognitive health by 
increasing neuroinflammation and oxidative stress.24 26 27 
To understand the full impact of urban environments on 
brain and cognitive health, it is important to quantify the 
joint and independent contributions of all key aspects 
of urban design and related environmental exposures 
(figure 1). This information is currently unavailable due 
to the dearth of studies in this area.19 24

The evidence that participation in physical activity 
benefits brain and cognitive health is relatively strong, 
while that related to dietary intake, intellectual, social 
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Figure 1 Conceptual ecological model of the effects of urban design on cognitive health examined in the iMAP study. iMAP, 
International Mind, Activities and Urban Places.

and navigational (wayfinding) activities, sedentary 
behaviour and sleep is insufficient or less compelling.1 8 26 
While there is strong evidence that all six aspects of urban 
design depicted in figure 1 promote active transport and 
physical activity, especially in older adults,14 15 the extent 
to which they affect other lifestyle behaviours and the 
choice of visited locations is not known. The latter issue 
has important health implications as, in conjunction 
with the chosen mode of transport, it determines the 
level of exposure to negative by- products of urban design 
and, hence, their effects on biomarkers and cognitive 
health. Considering that living near a major road has 
recently been identified as a potentially major risk factor 
for dementia,27 29% of strokes have been attributed to 
air pollution,28 and the number of motorised vehicles 
in many countries continues to rise,29 it is crucial to 
accurately quantify the direct and behaviour- mediated 
impacts of traffic- related air and noise pollution on brain 
and cognitive health by identifying where people’s activi-
ties take place.

In addition to lifestyle behaviours, person- level char-
acteristics, such as genetic factors8 personality traits and 
chronic diseases,8 are key determinants of cognitive 
health. For example, the apolipoprotein E (ApoE) ε4 and 
ε2 alleles, brain injury and the personality traits of neurot-
icism and conscientiousness have all been associated 
with levels and/or biological mechanisms of cognitive 
decline.1 22 Importantly, these personal factors are also 
potential moderators of the effects of the urban environ-
ments on cognitive health. Studies have reported ApoE 
genotype moderation effects on associations of cognitive 
function with cognition- promoting activities30 and envi-
ronmental stressors31 including air pollution.32 Genetic 

factors and personality traits may also determine how 
individuals interact with the environment and the biolog-
ical pathways via which the environment affects cogni-
tion. For example, the negative effect of neuroticism 
on cognitive health can be attributed to elevated auto-
nomic reactivity33 34 and consequent chronic elevations 
in cortisol (a marker of stress), which has been linked to 
atrophy in most regions of the cerebral cortex.35 Thus, 
exposure to environmental stressors (e.g., noise, signs of 
crime) and other challenges (e.g., crowding and atten-
tional overload present in high- density areas) may be 
(more strongly) associated with worse cognitive health in 
those with higher levels of neuroticism. Given the above 
and in line with socioecological models of health,9 it is 
important to adopt an interactionist multilevel approach 
to the study of the impacts of urban environments on 
brain and cognitive health, something that has not been 
done much to date.

The International Mind, Activities and Urban Places 
(iMAP) project is a collaborative multicity prospec-
tive cohort study designed to address the limitations of 
current research. Its overarching objective is to examine 
the extent to which, how and for whom a wide range of 
characteristics of urban environments influence brain 
and cognitive health in mid- aged and older community 
dwellers. The specific aims of the project are to: (1) iden-
tify aspects of urban environments that are potential 
determinants of brain and cognitive health; (2) inves-
tigate the extent to which environmental influences 
on brain and cognitive health are explained by travel 
behaviour, lifestyle activities (physical, social, intellec-
tual and navigational activities, sedentary behaviour and 
sleep) and exposure to environmental hazards (e.g., air 
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Table 1 Environmental attributes, lifestyle behaviours and dementia prevalence in Melbourne, Barcelona and Hong Kong

Characteristics Melbourne (Australia) Barcelona (Spain) Hong Kong (China)

Population density in urban areas (people/km2)* 3200 16 000 25 900

Street intersection density (intersections/km2)† 70 223 55

Land use mix (entropy index; range: 0–1)‡ 0.15 0.19 0.50

Mean annual concentration of PM2.5 (μg/m3) 8 14 63

Mean annual concentration of nitrogen dioxide (μg/m3) 16 50 95

Range in average monthly temperature (oC) 11–22 10–25 17–30

Prevalence of health- enhancing physical activity§ 55%98 77%99 85%100

Prevalence of dementia 9.0%3 ¶ 2.4%101 ** 3.3%102 ¶

*Based on city- specific census data.
†Computed using city- specific street network data.
‡Land use mix entropy index40 based on city- specific data on five land use categories: residential, commercial, civic/institutional/educational; 
industrial; recreational and park.
§Percentage adults (18+ years) accumulating 150+ min week of physical activity as measured by the International Physical Activity
Questionnaire.
¶In 65+ year- olds.
**In 70+ year- olds. PM2.5=particulate matter with aerodynamic diameter <2.5 µm.

and noise pollution); (3) identify brain imaging measures 
and markers of cardiometabolic health mediating the 
effects of the urban environment and lifestyle activities on 
cognitive health and (4) examine the moderating effects 
of genetics, personality and baseline chronic diseases on 
the relationships of characteristics of the urban environ-
ment with cognitive health and their mediating path-
ways. iMAP is the first cohort study designed to examine 
all these issues simultaneously and the first to employ a 
common methodology across cities with diverse urban 
environments to explore environmental determinants of 
brain and cognitive health in mid- aged and older adults. 
This paper provides a general overview of the research 
methods of iMAP.

MEthods And AnAlysIs
The standardised checklist based on the Strengthening 
the Reporting of Observational Studies in Epidemi-
ology recommendations was used to ensure that all rele-
vant aspects of study design and data collection were 
addressed.36

design
iMAP is a multisite observational longitudinal study on 
environmental and lifestyle determinants of brain and 
cognitive health in 1800 adults aged 50–79 years at base-
line. This cohort study is currently being conducted in 
three locations: Melbourne (Australia), Barcelona (Spain) 
and Hong Kong (China). As shown in table 1, these cities 
vary substantially in several key environmental exposures 
(population density, street intersection density, land use 
mix, air pollution) and lifestyle behaviours (physical 
activity) of interest, as well as in the prevalence estimates 
of dementia (although unstandardised by age and assess-
ment criteria). By conducting the study in three diverse 
cities, we maximise the variability in environmental 

exposures which may allow an accurate estimation of 
the dose- response relationships between aspects of the 
urban environment, lifestyle behaviours and cognitive 
health.37 38 iMAP will also make it possible to examine if 
the effects of the environment on cognitive health vary 
by geographical locations and cultures. This information 
is important to guide globally and locally relevant urban 
planning and transportation policies.

Each study site aims to recruit 600 participants from 
preselected administrative units (neighbourhoods) strati-
fied by walkability, air pollution and socioeconomic status 
(SES). Data on sociodemographic characteristics, lifestyle 
activities and their locations, transport behaviour, health 
status, neighbourhood attributes, social networks, affec-
tive states, personality traits, ApoE genotype and cognitive 
function will be collected in the full sample. Subsamples 
of participants will be invited to undertake MRI brain 
scans. Data collection will be conducted at two time points 
24 months apart. Subsequent waves of data collection and 
additional study sites will be dependent on funding.

neighbourhood and participant selection
Neighbourhood selection
This study uses a stratified two- stage sampling design 
whereby administrative units varying in SES, walkability 
and air pollution are first selected and participants are 
then recruited within the preselected administrative 
units.39 Administrative units in each study site are repre-
sented by the smallest administrative areas with publicly 
available census data: Statistical Areas 1 in Melbourne, 
Tertiary Planning Units in Hong Kong and Census 
Areas in Barcelona. This recruitment strategy maximises 
the variability of environmental exposures within each 
site, helps to address collinearity issues, avoids recip-
rocal confounding among these broad environmental 
dimensions and, thus, assists the accurate estimation of 
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dose–response relationships of environmental character-
istics with mediators and outcomes. The walkability index 
consists of indicators of street connectivity, residential 
density and land use mix.39 The latter indicator is repre-
sented by an entropy index ranging from 0 to 140 based on 
data from five land use categories (residential, commer-
cial, industrial, educational/civic/institutional and park/
recreational). The air pollution index is based on mean 
annual concentrations of nitrogen dioxide (NO2), most 
of which is from motor vehicle emissions in urban areas.41 
Estimates of NO2 concentration are derived from land 
use regression models.42 Administrative units are first 
ranked by walkability and those in the top and bottom 
4 or 5 deciles (depending on the within- site distribution 
and range of values) are selected and classified as high 
and low walkable. The same method is then used to clas-
sify each of the two walkability strata into high and low 
pollution. Finally, administrative units belonging to the 
resulting four walkability by pollution strata are ranked by 
SES (median household income or equivalent SES census- 
based indicator) and the top and bottom 4 or 5 deciles 
classified as high and low SES. Approximately 15 admin-
istrative units from within each of the eight walkability 
by pollution by SES strata (a total of ~120 administrative 
units per study site) are selected based on their census- 
based number of residents aged 50–79 years (n>50) and 
level of representativeness of their respective administra-
tive unit stratum quantified using the following formula:

 

Representativeness scoreau = w1.s ∗ Walkability z scoreau +
1
2
(
w2.s ∗ Air pollution z scoreau

)
+ 1

3
(
w3.s ∗ SES z scoreau

)

where au refers to a specific administrative unit within 
a study site, w1…3.s are weights (1 or −1) given to a specific 
administrative unit stratum (e.g., high walkable, low air 
pollution, low SES) with 1 denoting a high level and −1 
denoting a low level of a specific environmental character-
istic. Walkability, air pollution and SES are, respectively, 
assigned weights of 1, 1/2 and 1/3 for administrative 
unit selection purposes to reflect their pertinence for the 
present study. The built and natural environments are the 
main focus of this study, while air pollution is considered 
a by- product of the built and natural environments. SES 
is treated as a potential confounder partially accounted 
for by the stratified sampling strategy. To minimise spatial 
clustering effects on the effective sampling size,43 in 
selecting administrative units, clusters of more than two 
adjacent administrative units are avoided.

Participant selection and recruitment
Participants are being recruited over 2 years equally from 
all administrative unit (neighbourhood) types to control 
for confounding effects of seasonal variations in weather 
conditions on the associations between environment, 
lifestyle behaviours and cognitive function and ensure 
generalisability.44

After raising community awareness about the study 
through local newspapers and flyer/poster dissemination, 
participants aged 50–79 years and residing independently 

in the selected administrative units are sampled using 
the most appropriate strategy for a specific study site in 
terms of feasibility and sample representativeness. We aim 
to recruit a minimum of three and a maximum of eight 
participants balanced by sex and age (age strata: 50–59 
years; 60–69 years and 70–79 years) from each selected 
administrative unit. While the preferred strategy would 
have been stratified random sampling from a comprehen-
sive sampling frame (e.g., electoral roll), due to current 
data protection laws, other sampling methods need to be 
implemented.

Melbourne (Australia) is employing door- to- door 
recruitment involving three flyer drops and two door- 
knocks on different days and times of the week. In admin-
istrative units with high- rise residential buildings where 
door- knocking is not permitted, this strategy is comple-
mented with an 8- hour street intercepts and additional 
flyer mail- outs. This recruitment protocol is applied to 
all streets of the administrative unit. In administrative 
units with fewer than five potentially eligible participants 
recruited via door- knocking and with a low number of 
contacted households (>60% households with no one 
at home), door- knocking is complemented with recruit-
ment from community organisations (e.g., community 
centres, recreational centres, churches).

Barcelona (Spain) employs street intercepts as the 
main recruitment strategy due to the inability to access 
households in multistorey residential buildings, which 
are highly prevalent. In administrative units with fewer 
than five potentially eligible participants recruited via 
street intercepts, potential participants are also contacted 
via primary care physicians and health centres located in 
the administrative unit.

Hong Kong (China) uses a large population- based 
cohort—the FAMILY Cohort45—as the sampling frame 
for the iMAP study. The FAMILY Cohort is a Hong Kong 
territory- wide longitudinal study of health, happiness and 
family harmony which was established in 2009–2011 with 
46 001 participants (~25% aged 60 or above) at baseline 
and a retention rate of ~70% at follow- up (2011–2014). 
Potential participants for the iMAP study are randomly 
selected within sex and age group strata from a pool of 
FAMILY Cohort participants who reside in the ~120 prese-
lected administrative units. In all study sites, if recruit-
ment in a specific administrative unit results in a pool of 
more than 5–8 potentially eligible participants, random 
selection stratified by sex and age group is employed to 
choose 5–8 participants from the pool.

Potentially eligible participants selected for the study 
are contacted by telephone for preliminary eligibility 
screening purposes, sent a study information sheet and 
a consent form, and booked in for a detailed face- to- face 
eligibility screening and initial baseline assessment. Inclu-
sion criteria are: (1) being 50–79 years of age; (2) living 
independently (i.e, not in congregate or assisted living 
housing) in one of the selected administrative units; (3) 
having lived at the current address for ≥12 months; (4) 
being able to speak and write in English (Melbourne 
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arm), Spanish or Catalan (Barcelona arm) or Chinese 
(Hong Kong arm); (5) reporting to be able to walk for 
more than 5 min without significant difficulty. Exclusion 
criteria are: (1) existing diagnosis of dementia and/or 
major depressive disorder (assessed via phone screening 
interview) or probable dementia and/or clinical depres-
sion (assessed via face- to- face screening); (2) presence 
of major illnesses/neurological conditions that would 
prevent assessment completion.46 During the face- to- 
face eligibility screening, probable dementia and clinical 
depression are determined using the Montreal Cogni-
tive Assessment (MoCA) (≥24 points)47 and the Patient 
Health Questionnaire-9 (<10 points),48 respectively.

Sample size
iMAP aims to recruit 600 participants per site, resulting 
in 1800 participants across the three sites. The sizes of the 
total (mediated and unmediated) effects of single envi-
ronmental attributes on levels/changes in behaviours/
health outcomes are likely to be ~1%–2% of explained 
outcome variance for each environmental factor, while 
the sizes of the direct effects of lifestyle behaviours may 
be ~10%–20% of outcome variance.30 38 In a regression 
model with >20 covariates and continuous outcomes 
(scores on cognitive function tests), 518 participants 
would be needed to detect the expected effect size (1.5% 
of variance) with 80% power and a two- tailed probability 
level of 5%, assuming uncorrelated residuals. As partici-
pants are recruited from ~120 preselected administrative 
units (representing clusters) in each site, data from the 
same administrative units will likely be correlated. The 
magnitude of clustering in lifestyle behaviours and brain/
cognitive health outcomes estimated by the residual intra-
class correlation, which, in previous studies adopting a 
similar sampling strategy, has been on average ~0.005.38 
Considering a clustering effect of this magnitude, 533 
participants per study site would allow the detection of 
the expected effect size (1.5% of variance) with 80% 
power. Thus, the proposed sample size of 600 partici-
pants per site would provide sufficient statistical power 
for baseline, cross- sectional, site- specific regression anal-
yses as well as pooled analyses. Conservatively assuming 
a 20% drop- out rate at the second assessment (~2 years 
postbaseline),49 the final sample size will be 426 per site 
and 1280 across the three sites. These samples sizes will, 
respectively, achieve 80% power to detect effect sizes 
equivalent to 1.9% and 0.6% of variance explained in 
longitudinal analyses. With regard to MRI brain imaging 
outcomes, our study indicated that environmental attri-
butes may explain ~5% of the variance in MRI brain volu-
metric measures,21 requiring 152 participants to achieve 
80% power in site- specific cross- sectional regression 
analyses. With a conservative 20% drop- out rate49 and 
200 participants at baseline, the final sample size of 160 
participants per site and 560 in total will, respectively, be 
able to detect effect sizes equivalent to 5.0% and 1.4% of 
variance explained in longitudinal analyses.

Exposures, outcomes and covariates
Exposures
Environmental exposures are assessed using objective 
and self- report measures. Objective assessment of the 
participants’ environments entails linking geocoded 
participants’ visited locations and connecting routes 
to objective environmental data using geographical 
information system (GIS) and the online version of the 
Microscale Audit of Pedestrian Streetscapes (MAPS) 
Global.50 51 Self- reported habitual, frequently visited 
activity locations (e.g., home, workplace, places for recre-
ational, educational, volunteering activities and shop-
ping) are captured and geocoded through a version of the 
Vizualization and Evaluation of Route Itineraries, Travel 
destinations, and Activity Spaces (VERITAS) interactive 
map- based questionnaire52 developed for iMAP, while a 
geolocation application for smartphones is used to collect 
objective data on participants’ visited locations and 
connecting routes during a 7- day monitoring period. For 
each participant, street network and/or Euclidean (i.e., 
‘as the crow flies’) buffers of different sizes are created 
around geocoded habitual locations (e.g., 0.5 km, 1 km 
radii buffers) and smartphone spatial tracks (e.g., 0.1 km, 
0.2 km radii buffers). The type and size of the buffers used 
depend on the environmental attribute and outcome 
studied. For example, small 100 m radius crow- fly buffers 
along connecting routes may be used to characterise 
exposure to air pollution53 and define attributes within 
eyesight range, while 1 km radius street network buffers 
surrounding reference locations (i.e., locations around 
which individuals organise their daily activities and are 
relatively obligated to go to)54 are employed to quantify 
land use mix as a predictor of utilitarian walking.55

GIS data are linked to the buffers to create participant- 
specific objective measures of the environment (urban 
design and urban design by- products in figure 1). Spatial 
data temporally aligned with the cohorts’ data collection 
years are sought. Where spatial data are not available at 
the same time period, the closest available time period 
prior to participants’ assessments is used. Urban design 
constructs that are being assessed using GIS encompass 
dwelling density, street network connectivity, availability 
and spatial accessibility of destinations and green/blue 
spaces, and transport, pedestrian and cycling infrastruc-
tures (figure 1 and table 2). Two aspects of pedestrian 
infrastructure—namely, pavements and traffic safety—
are being assessed using online MAPS Global.50 51 Using 
images from Google Earth StreetView, trained auditors 
are using MAPS Global to collect information on traffic 
safety and pavement quality along the routes that connect 
residential/workplace addresses to the nearest commer-
cial areas. VERITAS iMAP is used to assess residential 
building characteristics (type of housing, availability of 
recreational areas, natural sights).

Urban design by- products are quantified using GIS 
methods. Air pollutants of interest are fine particulate 
matter with an aerodynamic diameter <2.5 µm (PM2.5) and 
NO2 because there is evidence that they may be risk factors 



7Cerin E, et al. BMJ Open 2020;10:e036607. doi:10.1136/bmjopen-2019-036607

Open access

Table 2 Correlates of brain and cognitive health and covariates, moderators and mediators of associations between 
environmental attributes and brain and cognitive health in the iMAP study by data collection component

Data collection 
component

Constructs measured (type 
of assessment)

Construct in conceptual 
model (figure 1)
(role in model) Measure/assessment

Initial face- to- face 
assessment

Blood pressure (O) Cardiometabolic health: blood 
pressure (ME)

Blood pressure assessed using a blood pressure 
monitor

Anthropometric measures (O) Cardiometabolic health: 
adiposity (ME)

Waist circumference, height and weight (assessed 
by staff)

Depressive symptoms (S) Mental health: depressive 
symptoms (ME)

Patient Health Questionnaire-948

ApoE genotype (O) Other factors: genetic (C, MO) DNA collected at baseline using a commercial 
kit for saliva collection. Genotype determination 
performed at a local lab.

Physical function (O) Other factors: physical health 
(C, MO)

Short Physical Performance Battery103 to assess 
lower- limb function and a dynamometer to 
measure hand grip

Health status (S) Cardiometabolic health: 
cardiovascular and 
cerebrovascular events (ME)
Other factors: physical health 
(C, MO)

List of chronic diseases, health conditions and 
medications

Self- administered 
survey

Socioeconomic, demographic 
and household characteristics 
(S)

Other factors: socioeconomic 
(C, MO)

Sociodemographic questionnaire (e.g., years of 
education, occupation, early life socioeconomic 
status, household composition)

Sleep (S) Lifestyle behaviour: sleep 
(ME)

Jenkins Sleep Questionnaire104

Dietary patterns (S) Lifestyle behaviours: diet (C) Mediterranean Diet Adherence Screener 
questionnaire105

Neuroticism and 
conscientiousness (S)

Other factors: personality (C, 
MO)

Neuroticism and conscientiousness subscales of 
the NEO Five- Factor Inventory106

Neighbourhood self- selection 
(S)

NA (C) Reasons for living in the neighbourhood87

7 day field 
assessment

Visited locations and travel 
behaviours (# trips, duration, 
routes and modes of transport)
(TD, O)

Visited locations and travel 
behaviour (ME)

Smartphone geolocation data and travel diary data 
processed to extract information on locations and 
trips

Physical activity (frequency, 
amount, intensity) (O)

Lifestyle behaviours: physical 
activity (ME)

Accelerometer data process to extract information 
on frequency, amount and intensity of physical 
activity

Sedentary behaviour 
(frequency, duration, amount)
(O)

Lifestyle behaviours: 
sedentary behaviour (ME)

Accelerometer/inclinometer data

Route complexity (O) Lifestyle behaviour: 
navigational activities (ME)

Smartphone geolocation data processed to derive 
an index of navigational complexity

Sleep quality (O, DL) Lifestyle behaviours: sleep 
(ME)

Measured objectively using actigraphy107 
and modified version of the Jenkins Sleep 
Questionnaire104

Daily positive and negative 
affective states (DL)

Mental health: Affective states 
(ME)

IPANAS- SF included in daily log108—time: today

Personal nitrogen dioxide (NO2) 
exposure (O)

Urban design by- products: air 
pollution (E, ME)

7- day average personal NO2 exposure measured
using monitors

Semistructured 
map- assisted 
interview 
(VERITAS iMAP)

Intellectual (eg, reading, 
solving puzzles) and social 
activities (typical frequency, 
duration, location, spatial and 
time constraints) (S)

Lifestyle behaviours: 
intellectual and social 
activities (ME)
Visited locations (ME)

Participants report socialising (in person, via the 
phone or internet) as an activity. Educational 
activities, certain work activities (managers, 
professional), reading, mental games and similar 
are classified as intellectual activities.

Continued
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Data collection 
component

Constructs measured (type 
of assessment)

Construct in conceptual 
model (figure 1)
(role in model) Measure/assessment

Physical activity (typical 
frequency, duration, location, 
spatial and time constraints) (S)

Lifestyle behaviours: physical 
activity (ME)
Visited locations and travel 
behaviour (ME)

For sport and exercise activities, participants report 
the percentage of time spent in light, moderate and 
vigorous activities. For work related, household/
gardening and care- related activities participants 
report whether they involve mainly sitting, sitting 
and standing, walking with handling of light 
weights or walking and heavy manual work.

Sedentary behaviour (typical 
frequency, duration, location, 
spatial and time constraints) (S)

Lifestyle behaviours: 
sedentary behaviour (ME)
Visited locations (ME)

For work related, household/gardening and care- 
related activities participants report whether they 
involve mainly sitting. Other types of activities are 
classified as sedentary or non- sedentary.

Modes of transport to frequent 
activity locations (S)

Travel behaviour (ME) Usual modes of transport to a destination (multiple 
modes allowed); usual trip origin; travelling alone or 
with others

Perceived safety from crime (S) Other factors: social (ME) Four items from the Neighbourhood Environment 
Walkability Scale109

Home characteristics (S) Visited locations (C, ME) No of rooms, lighting, thermal comfort, 
maintenance, natural views, recreational areas

Social networks (S) Other factors: social (ME) Size, relationship type, frequency of contact, 
interaction quality

Length of residence at current 
address and residential 
addresses in last 10 years (S)

NA (C) Months/years at current address and location of 
previous residential addresses in last 10 years

GIS data and 
environmental 
audits

Dwelling density (GIS) Urban design: density (E) Dwellings/km2 within street network buffers

Street intersection density 
(GIS)

Urban design: street network 
connectivity (E)

3- arm intersections/km2 within street network
buffers

Integration (GIS) Urban design: street network 
connectivity (E)

Derived from the mean number of turns needed 
from a street segment to reach all other street 
segments in a buffer

Land use mix (GIS) Urban design: mixed land 
use (E)

Entropy index of 5 land uses (residential, 
commercial, industrial, institutional/civic and 
recreational)40

Destination availability and 
accessibility (GIS)

Urban design: diverse 
destinations and facilities (E)

Street network distance to nearest destination of a 
specific type and number of destinations/km2

Public transport availability and 
accessibility (GIS)

Urban design: transport 
infrastructure (E)

Street network distance to nearest public transport 
stop and number of stops/km2

Carpark availability and 
accessibility (GIS)

Urban design: transport 
infrastructure (E)

Street network distance to nearest carpark and 
carparks/km2

Cycling lane availability and 
accessibility (GIS)

Urban design: cycling 
infrastructure (E)

Street network distance to nearest cycling lane and 
length of cycling lane intersecting a street network 
buffer

Walking trail availability and 
accessibility (GIS)

Urban design: pedestrian 
infrastructure (E)

Street network distance to nearest walking trail and 
length of walking trail intersecting a street network 
buffer

Slope (hilliness) (GIS) Urban design: pedestrian 
infrastructure (E)

Average percentage slope in a street network 
buffer

Pavement (EA) Urban design: pedestrian 
infrastructure (E)

Percentage of street segments with pavement 
along routes connecting residential/workplace 
addresses with the nearest commercial block 
assessed using MAPS Global50

Table 2 Continued

Continued
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Data collection 
component

Constructs measured (type 
of assessment)

Construct in conceptual 
model (figure 1)
(role in model) Measure/assessment

Traffic safety (EA) Urban design: pedestrian 
infrastructure (E)

Traffic safety score along routes connecting 
residential/workplace addresses with the nearest 
commercial block assessed using MAPS Global50

Tree cover (GIS) Urban design: green space (E) Tree- cover area and number of trees/km2 within 
street network and crow- fly buffers

Surrounding greenness (GIS) Urban design: green space (E) Average Normalised Difference Vegetation Index in 
Spring within street network and crow- fly buffers110

Park availability and 
accessibility (GIS)

Urban design: green space, 
destinations (E)

Street network distance to nearest park, area of 
park(s) intersecting street network buffers, number 
of parks intersecting street network buffers

Blue spaces availability and 
accessibility (GIS)

Urban design: blue spaces (E) Street network distance to nearest waterbody and 
area of waterbodies within crow- fly buffers

NO2 (GIS) Urban design by- products: air 
pollution (E, ME)

Average annual NO2 concentration derived from 
land use regression modelling42 66 111

PM2.5 (GIS) Urban design by- products: air 
pollution (E, ME)

Average annual PM2.5 concentration derived from 
land use regression modelling61 66 112

Traffic- related air pollution 
(GIS)

Urban design by- products: air 
pollution (E, ME)

Average annual NO2 concentration derived from 
land use regression modelling and estimates of 
traffic volume and road density weighted by road 
type within activity location buffers and routes 
linking them

Temperature (GIS) Urban design by- products: 
temperature (C, ME)

Average temperature around activity locations as 
recorded by the nearest weather station during the 
7- day monitoring period

Day–evening and night levels 
of noise (GIS)

Urban design by- product: 
noise (ME)

Average day–evening and night levels of noise 
based on an application of the CNOSSOS- EU 
modelling framework70

Area- level socioeconomic 
status (GIS)

Other factors: socioeconomic 
(C, MO)

Weighted average of standardised area- level index 
of socioeconomic advantage/disadvantage for 
administrative units falling within residential street 
network buffers

C, confounder; CNOSSOS, Common NOise aSSessment MethOdS in Europe; DL, daily log; E, exposure; EA, environmental audit; 
GIS, Geographic Information Systems; iMAP, International Mind, Activities and Urban Places; MAPS, Microscale Audit of Pedestrian 
Streetscapes; ME, mediator; MO, moderator; NO2, nitrogen dioxide; O, objective; S, self- report; TD, travel diary; VERITAS, Vizualization 
and Evaluation of Route Itineraries, Travel destinations and Activity Spaces.

Table 2 Continued

for cognitive ill health, and they are widely measured by 
governments for regulatory purposes, supporting the 
development of exposure models.56–58 Pollution expo-
sure can be categorised as general background ambient 
air pollution (air pollution from the range of sources 
including traffic, industry and natural, but not immedi-
ately influenced by nearby sources) and traffic- related air 
pollution in areas proximate to traffic (i.e., air pollution 
from cars, buses and trucks). Estimates of annual exposure 
to ambient air pollution for all participants at all assess-
ment points will be computed.59 Nationwide satellite- 
based land use regression models for Australia (including 
Melbourne) have been developed and validated for NO2 
and PM2.5.

42 60–62 Air pollution surfaces for Barcelona have
been developed within the European Study of Cohorts 
for Air Pollution Effects project,63 and those for Hong 
Kong by Barratt and colleagues.64–66 Traffic- related air 
pollution is operationalised as ambient NO2 as well as 

traffic volumes and road density weighted by road type67 
within prespecified buffers around residences, work-
places and other visited locations. Participants are given 
the option of wearing a personal NO2 monitor (Gradko, 
UK) for seven consecutive days (as part of a 7- day field 
assessment) and completing a short survey regarding 
their pollution- related housing characteristics and typical 
activities. We focus on exposure to NO2 because it is 
considered an indicator of traffic- related air pollution.68 
Additionally, NO2 (like other nitrogen oxides) is also an 
important contributor to the secondary formation of air 
pollutants, such as, ozone and particulate matter.

Annual day–evening (7:00 to 22:59) and night (23:00 
to 6:59) levels of traffic- related noise exposures for all 
participants are estimated using a variant of the Common 
NOise aSSessment MethOdS in Europe noise modelling 
framework69 with relatively low- resolution inputs that are 
feasibly acquired across international study sites.70 The 
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model uses information on traffic composition, flow and 
speed, road network land cover, building height, topog-
raphy and meteorological conditions. The perceived 
acoustic environment at home (e.g., noise, sound pleas-
antness) is assessed using VERITAS iMAP. Information on 
the average temperature recorded by the weather stations 
nearest to locations visited by the participants during a 
7- day activity monitoring period is collected. Finally, self- 
report measures of neighbourhood safety from crime are
assessed using VERITAS52 iMAP.

Outcomes
Measures of cognitive function
Cognitive function will be measured as part of the initial 
face- to- face assessment using reliable, standardised tests 
that have been previously used and validated in Australia, 
Spain and Hong Kong. These include paper- and- pencil 
versions of the:
1. MoCA47, a measure of global cognition used for cogni-

tive impairment screening.
2. Symbol Digit Modality Test71 assessing psychomotor

speed and attention.
3. Rey Auditory Verbal Learning Test72 assessing episodic

memory.
4. Digit Span Backwards task73 measuring verbal working

memory.
5. Victoria Stroop Test74 assessing the executive function

of inhibitory control.
6. Colour Trail Test75 a measure of the executive function

of switching.
7. Animal naming assessing semantic fluency—lan-

guage.76

8. A digital version of the Corsi Block Tapping Task,77 a
measure of visuospatial working memory.

The Symbol Digit Modality, Digit Span Backwards,
Animal naming and Stroop tests have been shown to be 
sensitive to change over a 2- year period in non- demented 
adults aged 60 years and over,49 78 as have comparable tests 
of episodic memory,78–80 global cognition79 80 and visu-
ospatial working memory.80

Measures of brain health
Brain health measures represent secondary outcomes as 
well as mediators of environment- cognitive health asso-
ciations (figure 1). In a subsample of participants (300 
in Melbourne, 200 in both Hong Kong and Barcelona), 
MRI scans are acquired at the local imaging labs using 
3T MRI scanners. The MRI scans take approximately 
45–50 mins and are focused on brain metrics related to 
neurodegeneration, brain ageing and oxidative stress and 
neuroplasticity (figure 1). The MRI protocol comprises 
T1- weighted three- dimensional (3D) MPRAGE (1 mm 
isotropic), T1- weighted high- resolution hippocampus 
(0.4 mm coronal slices), 3D FLAIR (1 mm), diffusion 
weighted imaging (DWI; b- value=1000), and T2*-weighted 
gradient- echo (GRE)/susceptibly weighted imaging 
(SWI) sequences. The 3D MPRAGE and hippocampus 
MRI data are processed to quantify cortical thickness, 

surface area and grey matter density of brain regions, 
volume of the hippocampus and its subfields, and ventric-
ular volumes (neurodegeneration; figure 1).81 82 The 3D 
FLAIR MRI is administered to obtain volume and number 
of white matter hyperintensities (an index of white matter 
injury) associated with neuroinflammation and vascular 
changes in the brain (brain ageing and oxidative stress; 
figure 1).83 The DWI data are used to measure fractional 
anisotropy and diffusivity values of white matter tracts 
and regions (e.g., cingulum bundle and fornix), allowing 
us to probe any microstructural changes associated with 
neuroplasticity.84 The GRE/SWI data are used to identify 
the number of microbleeds and estimate susceptibility 
changes due to iron loading associated with ageing and 
progressive neurodegeneration.85 The MRI protocols are 
harmonised across study sites by following current recom-
mendations for multi- site MRI study protocols.86

Covariates, moderators and/or mediators
Tools used to collect data on visited locations, travel 
behaviour, lifestyle behaviours, mental health, cardiomet-
abolic health and ‘other factors’ included in the ecolog-
ical model of the effects of urban design on brain and 
cognitive health (figure 1) are reported in table 2 by 
data collection component. Most of these variables will 
be treated as potential covariates or mediators of the 
associations between environmental characteristics and 
brain and cognitive health. ApoE genotype, area- level and 
individual- level SES indicators, personality traits, chronic 
health conditions (e.g., diabetes) and social environment 
variables (e.g., perceived safety from crime) will also be 
examined as moderators of associations (figure 1). Virtu-
ally all the measures proposed have been evaluated for 
reliability and validity, and most have been widely used. 
This study also collects data on length of residence at the 
current address and other residential addresses in the 
10 years prior to more accurately quantify long- term envi-
ronmental exposures. In addition, reasons for moving to 
(or living in) the current neighbourhood87 are recorded 
to help address residential self- selection bias (individuals 
self- selecting into their residential environment based on 
previously determined preferences for travel or engage-
ment in activities).88

The 7- day field assessment collects data on lifestyle 
activities and their locations, travel behaviour and affec-
tive states in the participants’ habitual environments for 
seven consecutive days. Participants wear a wrist- worn 
monitor and thigh- attached inclinometer for 24 hours/
day and a waist- mounted matchbox- sized accelerometer, 
a smartphone and (optionally) a personal NO2 monitor 
during waking hours (≥10 hours/day). To objectively 
assess visited locations, modes of transport and trip routes 
over 7 days, smartphone geolocation data are used. Waist- 
worn accelerometer data are used to derive average 
minutes/day of light, moderate and vigorous physical 
activity, while the inclinometer is used to assess sedentary 
behaviour using established protocols.89 90 We quantify 
complexity of trip routes (i.e., the cognitive difficulty of 
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navigational activities) in terms of length, street intersec-
tions crossed and number of turns at intersections using 
GIS software. Wrist- worn accelerometer data are used to 
quantify total sleep time and efficiency, waking after sleep 
onset and number of long wake episodes. Participants 
keep a paper- and- pencil travel diary where they report 
the time of a trip, destination and modes of transport. At 
the start of each day, participants complete a short sleep 
quality questionnaire, while at the end of each day, partic-
ipants complete a short questionnaire on affective states 
(table 2).

Apart from collecting information on habitually visited 
locations and their characteristics, VERITAS iMAP is 
used to assess types, frequency and duration of intellec-
tual, social, physical activities and sedentary behaviours 
(as appropriate) for each reported habitual location; the 
extent to which it is difficult to change the timing and 
location of the activity reported within a specific location; 
with whom they do the activities; and transport modes to 
visited locations. The participants are first asked if they 
usually visit a specific type of location (e.g., shopping 
mall) and, using map search capabilities, the locations 
are found on the map and confirmed by the participants. 
Then, geographical coordinates, names of destinations 
and additional information (e.g., frequency of visits and 
mode of transport to get to/from the destination, types 
and frequency of activities undertaken) are recorded in 
a spatial database.

data collection and procedures
At each study wave, data collection on all participants 
include:
1. A face- to- face sociodemographic, health and cognitive

function assessment.
2. A self- completed survey.
3. A 7- day field assessment of lifestyle behaviours and

their locations, travel behaviour, affective states and,
optionally, personal NO2 exposure using passive sam-
plers.

4. A semistructured map- assisted interview about habitu-
ally visited locations, lifestyle activities, travel behaviour
and social networks.

5. Objective assessment of the environment using both
GIS and environmental audit data.

Subsamples of 200 (Barcelona and Hong Kong) and
300 (Melbourne) participants are invited to undertake 
MRI brain scans within 10 weeks after the completion of 
the other assessments. Data collection is being conducted 
in 2019/2021 and repeated 24 months later in 2021/2023.

After the provision of written consent and rescreening 
for eligibility, eligible participants undergo a series of 
health and cognitive assessments and are given a self- 
administered paper- and- pencil survey to complete in 
their own time as detailed in table 2. They are also 
provided with the material and instructions for the 7- day 
field assessment of lifestyle activities described above. At 
the end of the field assessment, participants undertake a 
face- to- face semistructured map- assisted interview about 

their frequently visited locations, lifestyle activities, travel 
behaviour and social networks (VERITAS iMAP). Finally, 
eligible and consenting participants are randomly selected 
for MRI brain scans from the eight types of neighbour-
hoods in a balanced manner. Objective assessment of the 
participants’ environment entails linking the geocoded 
locations participants regularly visit (according to data 
from VERITAS iMAP) and visited during the 7- day field 
assessment period (plus routes between them) to objec-
tive GIS and environmental- audit data of interest (e.g., 
dwelling density or distance to a park). Various strategies 
for participants’ retention are employed. These include 
the provision of short individualised reports on lifestyle 
behaviours, motivational phone calls, brief newsletters 
about the study progress and birthday cards.

data analyses
Associations of environmental attributes with levels 
and 24 months changes in cognitive function, lifestyle 
behaviours and brain health will be estimated using Gener-
alised Additive Mixed Models (GAMMs), which are able 
to detect curvilinear relationships and account for admin-
istrative unit- level and person- level (repeated measures) 
clustering, and appropriate for data with different distri-
butions.91 Eight outcome measures of cognitive function 
will be examined. These include seven domain- specific 
cognitive function tests (listed above) and a composite 
measure of executive function based on four of these 
tests (Colour Trail Test, Victoria Stroop Test, Digit Span 
Backwards task and the Corsi Block Tapping Task). City 
will be included as a covariate in the GAMMs and also 
as a moderator to examine whether the observed effects 
vary by city. Directed Acyclic Graphs will be employed to 
select confounders to be included in the models. Moder-
ating effects will be examined by adding appropriate 
interaction terms to the main effect GAMMs. Mediation 
analyses will be conducted using traditional (e.g., the 
product- of- coefficients method or joint- significance test 
with AU cluster bootstrapped confidence intervals)92 and 
state- of- the- art causal inference approaches,93 as appro-
priate, while paying attention to model validity. To avoid 
collinearity, composite measures of collinear variables 
will be included in multiple- predictor models, while also 
assessing whether a specific component of the composite 
measure is associated with the outcome. No correction for 
multiple testing will be adopted as this work is confirma-
tory and hypothesis based. Missing data will be addressed 
by multiple imputation techniques following best- practice 
procedures to minimise sources of bias.

Particular attention will be paid to strengthen the 
evidence of causality. To address the possibility of reverse 
causality (cognitive functioning determining the place 
of residence and activities), only cognitively intact older 
adults will be recruited. Reasons for living in the (current) 
neighbourhood (e.g., health issues) and information on 
residential addresses in the last 10 years will be available 
and incorporated in the models. To address the issue of 
lost to follow- up associated with cognitive impairment, 
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we will conduct sensitivity analyses. First, GAMMs will 
produce reliable estimates under the assumption of data 
missing at random. Then, we will use multilevel logistic 
regression to fit predictive models of drop- out at the 
second assessment and compute weights representing 
the inverse probability of attrition for each participant.94 
These weights will be used in weighted GAMMs to account 
for drop- outs associated with cognitive impairment (data 
‘not missing at random’). We will contrast the regression 
estimates from the two sets of models to quantify the bias 
due to selective attrition.

Patient and public involvement
This study does not target participants with specific 
health conditions (patients). Participants are inde-
pendently living community dwellers who receive indi-
vidually tailored reports on a set of lifestyle behaviours 
(e.g., weekly sedentary time and physical activity) after 
each data collection wave. Members of the public were 
not involved in the design of the study or recruitment. 
However, they will be involved in the dissemination of 
findings, which will be disseminated to the wider public 
via the local iMAP websites, media and non- government 
and local community organ

EthICs And dIssEMInAtIon
On recruitment, participants are given detailed verbal 
and written information on the study and, after their 
eligibility is assessed, they are requested to provide written 
informed consent before the start of the first face- to- face 
assessment. Only the named researchers have access 
to the data that will be digitally stored for 20 years in a 
secured environment and permanently destroyed there-
after. All data are kept private and confidential.

At the completion of first and second data collection 
waves, results will be provided to key stakeholders and 
organisations (e.g., public health professionals, national 
and provincial urban planning associations, clinicians and 
participants). Dissemination of study methods and find-
ings will be designed to impact both science and policy. 
The methods and measures used will be made freely avail-
able, and training will be provided as needed, to help these 
methods become a worldwide standard. Anonymised, 
aggregate results will be communicated to the scientific 
community through publications in high- impact journals 
and presentations in diverse international conferences. 
A publication committee will encourage and coordinate 
all papers, from initial proposal and establishment of an 
international writing team, to analysis plans, through 
quality control of manuscripts. Results will be commu-
nicated to practitioners and policy makers, targeting 
especially health, urban design/planning, housing and 
transport sectors. Delivery modes will be press releases, 
policy briefs, a website (https:// ichen. site/ imap/), webi-
nars, presentations at conferences, and consultations with 
national and international advocacy organisations.

dIsCussIon
iMAP is an international data- rich, comprehensive project 
aiming to examine how urban environments influence 
brain and cognitive health in mid- aged and older commu-
nity dwellers. By recruiting participants from cities and 
neighbourhoods with diverse geographical and sociocul-
tural characteristics, this study will enable expansion of 
variability in exposures and, hence, allow a robust esti-
mation of dose–response environment–behaviour–cogni-
tive health relationships. International studies on urban 
environments and behaviours (physical activity) using 
common objective and self- report measures like those 
employed in iMAP have demonstrated the utility, feasi-
bility and superior statistical power of this type of design. 
These studies yielded findings that were generalisable 
across a dozen of countries from five continents37 38 95 indi-
cating that a carefully developed data collection protocol 
and ongoing quality checks can minimise differences 
between study sites due to methodological artefacts and, 
thus, allow meaningful data pooling.46 However, in the 
presence of differences in effects across sites, it is often 
difficult to ascertain the factors causing such differences. 
Yet, this argument also applies to data from single- site 
studies as participants from different ethnic backgrounds 
may respond to test items in different ways.96

There are some limitations to iMAP. In Barcelona and, 
when necessary, in Melbourne, participants will be/
are being recruited via street intercepts in preselected 
administrative units. This type of recruitment can result 
in a biased sample. Another limitation pertains to the 
number of assessments and the interval between them. 
iMAP has secured funding to collect two waves of data 
(2 years apart) on environmental characteristics, lifestyle 
behaviours and brain and cognitive health. As 2 years may 
be insufficient to detect changes in certain exposures 
and/or outcomes (a study limitation), additional funds 
will be sought to support two more waves of data collec-
tion, extending the monitoring period to 6 years. In this 
regard, the multisite multiethnic study on atheroscle-
rosis has reported changes in environmental attributes 
across a 5- year period ranging from 0% to 53% (2- year 
change: 0%–20%), which varied across study sites and 
were generally smaller for population density and resi-
dential land use and larger for access to amenities.97 This 
indicates that the data from the first two waves may not 
have enough power to detect the effects of changes in 
some environmental attributes on the outcomes. With 
regard to brain health, a previous study of 127 commu-
nity dwellers was powered to detect associations between 
environmental attributes and 1.5- year changes in brain 
volume.21 However, the participants were on average 
10 years older than the iMAP sample. Also, significant 1.5- 
year changes on 6 out of 12 cognitive function measures 
were detected in 685 cognitively intact participants with 
a mean age of 67 years (projected average age in iMAP: 
65 years).49 These included a measure of global cognition 
and versions of the Stroop and digit span tests, which are 
part of the iMAP cognitive assessment.

https://ichen.site/imap/
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