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Summary
Built environment attributes may be related to cardio-metabolic diseases (e.g. type
2 diabetes, heart disease and stroke) and their risk factors, potentially by influenc-
ing residents’ physical activity. However, existing literature reviews on the built en-
vironment and health for the most part focus on obesity as the outcome and rely on
cross-sectional studies. This systematic review synthesized current evidence on lon-
gitudinal relationships between built environment attributes and cardio-metabolic
health outcomes among adults and on the potential mediating role of physical inac-
tivity. By searching eight databases for peer-reviewed journal articles published in
the English language between January 2000 and July 2016, the review identified
36 articles. A meta-analysis method, weighted Z-test, was used to quantify the
strength of evidence by incorporating the methodological quality of the studies.
We found strong evidence for longitudinal relationships of walkability with obesity,
type 2 diabetes and hypertension outcomes in the expected direction. There was
strong evidence for the impact of urban sprawl on obesity outcomes. The evidence
on potential mediation by physical activity was inconclusive. Further longitudinal
studies are warranted to examine which specific built environment attributes influ-
ence residents’ cardio-metabolic health outcomes and how physical inactivity may
be involved in these relationships.
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Introduction

Type 2 diabetes (T2D) and cardiovascular disease (CVD)
are leading causes of poor health, disability and death,
and their burden is rising globally (1,2). There are
established markers of cardio-metabolic risk, including ab-
dominal adiposity, glucose intolerance, hypertension and
dyslipidaemia, which can predispose individuals to develop-
ing T2D and CVD (3). Given that T2D and CVD are
regarded as having significant preventable components
(4,5), there have been calls for population-wide public
health initiatives to address their major behavioural risk fac-
tors, which include physical inactivity, unhealthy diet and
cigarette smoking (6). Considering that physical inactivity
is highly prevalent worldwide (7), there is growing interest
in the role of neighbourhood built environments, which po-
tentially support residents’ active lifestyles, in preventing
cardio-metabolic diseases (8,9).

A number of systematic reviews of studies on relation-
ships between built environment attributes and adults’
cardio-metabolic health outcomes have been published
(10–17). However, these reviews summarized evidence
based mostly on cross-sectional studies; hence, they do not
support causal inferences. In addition, these systematic re-
views focused primarily on obesity-related outcomes, with
only a few considering a range of cardio-metabolic health
outcomes (14,16). Evidence from longitudinal studies needs
to be synthesized to identify attributes of built environments
that may be protective against the development of T2D and
CVD (9).

Built environment attributes may influence residents’
health, partly through physical activity and sedentary be-
haviour (18). The ecological model of health behaviour pos-
tulates that multilevel factors (e.g. individual, social,
environmental and policy) can influence behaviours, em-
phasizing the role of ‘behaviour settings’ – those attributes
of environmental contexts that can act to promote certain
behaviours and discourage others (19). Identifying the built
environment attributes that are supportive of habitually ac-
tive lifestyles is a public health research priority. Environ-
mentally focused initiatives are argued to have the
potential to be effective, even in the absence of a conscious
intention, e.g. to be physically active (20). Previous studies
show that lack of physical activity and prolonged sedentary
behaviour can independently elevate the risk of developing
T2D and CVD (21,22). Literature reviews also identify con-
sistent relationships between certain built environment attri-
butes (e.g. residential density, street connectivity,
availability of diverse destinations, public open space
(POS) and their composite measures such as walkability)
and different types of physical activities (e.g. walking and
leisure-time physical activity) and sedentary behaviours
(e.g. car use and television watching) in adults (23–26).
However, it is not clear to what extent these behaviours

may mediate longitudinal relationships between built envi-
ronments and cardio-metabolic health.

We systematically reviewed longitudinal studies on the re-
lationships between built environment attributes and
cardio-metabolic health outcomes in adults and quantified
the strength of evidence using a meta-analytic approach that
accounted for the methodological quality of the studies. We
also synthesized any relevant evidence on how physical ac-
tivity and sedentary behaviour may mediate the longitudinal
relationships.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (27) were followed in this review.

Search strategy

A reproducible systematic search of peer-reviewed journal
articles published in the English language between January
2000 and July 2016 was undertaken by the first author
(M. C.) using eight electronic databases: Medline, Web of
Science, Cochrane, Embase, PsycInfo, CINAHL, Scopus
and Transport Research International Documentation.
Three sets of search terms on built environment, cardio-
metabolic health and longitudinal design were used. Search
terms for each category were developed based on those used
in other related reviews (14,15,26,28). A full description of
the search terms is provided in Table S1.

Inclusion/exclusion criteria

Studies were included if they met the following four criteria:

1. Exposures: Objectively measured (using geographic
information systems) or perceived (using question-
naires) built environment attributes;

2. Outcomes: Objectively measured (by biomedical ex-
amination) or self-reported (using questionnaires)
cardio-metabolic health outcomes, including inci-
dence of diseases and biomarkers;

3. Study designs: Longitudinal design quantitatively ex-
amining the relationships between exposures and out-
comes; and

4. Participants: Adults, aged 18 years and older.

One exclusion criterion was based on how studies postu-
lated a link between the built environment and cardio-
metabolic health. To sustain a manageable scope and coher-
ence, we focused on studies that postulated physical activity
or sedentary behaviour as a pathway and excluded studies
postulating other mechanisms, such as food environment,
air/noise pollution, access to health care, sanitation and cli-
mate change. We also excluded studies focused specifically
on clinically defined subgroups (e.g. those who were
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pregnant, with diabetes and had stroke) and those studies
focusing on participants’ workplace and its vicinity.

Screening process

Articles were reviewed independently by three authors
(M. C., J. R. and L. G.). At all stages of the review process
(title and abstract screening, full article selection and data
extraction), M. C. reviewed 100% of the articles, with
J. R. and L. G. each reviewing 60% of the articles with an
overlap of 20%. Discrepancies between the reviewers at
each stage were mediated by T. S.

Data extraction

The following information was extracted from each article:

1 Study: author, year (published), project/cohort name;
2 Location: country, multisite or not;
3 Sample: size, demographic information, recruitment

strategy (particularly, if study areas were purposefully
selected to have a diversity in environmental attributes
or not);

4 Design: study design (observational, natural experi-
mental), follow-up duration, number of waves, resi-
dential relocation;

5 Response rate: at baseline, retention at follow-up(s);
6 Measures: outcomes (including methods), exposures

(including methods, area unit and examined environ-
mental changes or not), mediators, moderators,
individual-level and area-level confounders;

7 Analyses: statistical methods, accounting for area-level
clustering or not, adjusting for residential self-selection
or not and drop-out analysis; and

8 Results: magnitude and direction of relationships, sta-
tistical significance, mediation (physical activity and/or
sedentary behaviour)

Coding and counting of findings

A statistically significant relationship was coded as [E] if it
was in the expected direction (i.e. built environment attri-
butes supporting physical activity, such as high walkability,
being associated with reduced cardio-metabolic risk) or [U]
if it was in the unexpected direction. A statistically non-
significant relationship was coded as null [N]. To avoid
over-representation of findings from the same data set, re-
ported relationships in the articles were counted using a
method introduced in a previous review (23): if the relation-
ship of a specific environmental exposure with a specific
cardio-metabolic outcome (e.g. walkability and obesity)
using the same data source was reported in more than one
article, the finding from the article that scored a higher
methodological quality score (detail explained in the next

section) was counted; if an article examined a specific
exposure–outcome relationship within a study using the ex-
posure calculated in different types of geographical units
(e.g. administrative units and individual buffers) or at differ-
ent scales (e.g. 400- and 1,000-m buffers), each finding was
assigned an equal fractional weight in such a way that the
sum of the weights equals to one; and if a specific
exposure–outcome relationship was examined separately
for subgroups (e.g. men and women) within a study, the
findings were considered as distinct only if they differed in
direction or statistical significance. In such cases, each find-
ing was assigned a fractional weight proportional to the
sample size of the subgroup.

Methodological quality assessment

It is recommended that systematic reviews of built environ-
ment and health research should consider the methodologi-
cal quality of the reviewed articles to synthesize and
interpret the findings (29). Cerin et al. developed a quality
assessment tool to assess the methodological quality of
cross-sectional studies on built environment attributes and
physical activity (23). Barnett et al. (30) extended this tool
by adding an item to assess the study design. The assessment
items in the original tool included [1] sample representative-
ness; [2] study design; [3] exposure variability (study areas
selected to maximize the variability in the exposure vari-
ables); [4] adjustment for individual socio-demographic co-
variates; [5] adjustment for residential self-selection; [6]
accounting for area-level clustering; and [7] appropriate
presentation of analysis results. We adapted and further ex-
tended this tool by adding items relevant to longitudinal de-
sign, measurement of built environment attributes, and
measurement of cardio-metabolic health outcomes. For as-
pects relevant to longitudinal design, we included the fol-
lowing items based on the quality assessment checklist
developed by Tooth et al. (31): [8] follow-up duration; [9]
number of data collection time points; [10] participant re-
tention rate; and [11] appropriate longitudinal data analy-
sis. We further included items specific to the measurement
of exposures and outcomes, following Giles-Corti et al.
(32). These included [12] measurement of built environment
attributes (appropriate geographical unit and size to capture
participants’ neighbourhood for objective measures or use
of validated survey instruments for perceived measures);
[13] measurement of health outcome (objectively measured
vs. self-reported); and [14] temporal match of exposure
and outcome measures.
For each assessment item, a score of 0.0 (not meeting the

quality criterion) or 1.0 (meeting the quality criterion) was
assigned. An intermediate score of 0.5 was assigned for an
acceptable level for relevant items. Items 6, 7 and 11 (used
for assessing the quality of statistical analysis) were assigned
a score of 0 or 1/3 to avoid over-scoring for statistical
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methods (23). We also assigned an additional score to each
study according to its sample size as described in Cerin et al.
(23). Each study was assigned the total assessment score
(the sum of methodological quality and sample size scores),
which was then used to assess the strength of evidence (de-
tail explained in the next section). The quality assessment
tool with rationale for scores assigned to each item is de-
scribed in Table S2.

Assessing the strength of evidence

Conducting a traditional meta-analysis using models that
include effect sizes of reported associations is difficult due
to heterogeneities in environmental exposure measures be-
tween studies. An alternative meta-analysis method, known
as weighted Z-test (33), was used to combine findings of
multiple independent studies and to assess the strength of
the evidence. This approach has been used in recent reviews
of the built environment and physical activity literature
(23,30). A conservative z-value was assigned to each re-
ported relationship according to the level of significance
(α) stated in the study (for statistically significant finding
in the expected direction: z = 1.96 for α = 0.05 and
z = 1.64 for α = 0.10; z = 0.00 for null; for statistically sig-
nificant findings in the unexpected direction: z = �1.96 for
α = 0.05 and z = �1.64 for α = 0.10). Each reported finding
was separately assessed according to the counting method
described earlier. For a specific exposure–outcome relation-
ship, a weighted Z value was calculated by summing z
scores using the total assessment scores of the studies as
weights and dividing it by the square root of the sum of
squared weights. The two-tailed p-value associated with
the weighted Z value was then calculated and used to deter-
mine the strength of the evidence using the following
criteria: p < 0.05-weak evidence; p < 0.01-strong evidence;
and p< 0.001-very strong evidence (34). This meta-analytic

approach was conducted only if a specific exposure–
outcome relationship was reported five or more distinct
times among the reviewed articles to meet the methodolog-
ical standards for meta-analysis (35). If a specific relation-
ship was reported four or less distinct times, it was
considered insufficient to determine the strength of evi-
dence. This meta-analytic approach, which accounts for
the methodological quality of the study, quantifies the
strength of evidence more accurately (in comparison with
the approach of counting the number of significant associa-
tions) and provides a better assessment of the current evi-
dence base (23).

Results

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram outlining the process of litera-
ture searching and article screening is provided in Fig. 1.
The initial systematic search across the eight databases pro-
duced 6,749 [3,402 unique] articles. After a sequence of in-
dependent assessment steps, 36 articles (36–71) were
included in the review.

Characteristics of reviewed studies

The data extracted from all the articles included in the meta-
analysis are presented in Table S3. Key characteristics of the
articles are summarized in Table 1.

General study characteristics
More than one half of the articles were based on studies
conducted in the United States (56%), followed by
Canada (14%), Sweden (11%) and Australia (8%). Over
70% of the articles were published after 2013. With regard
to geographical settings, most studies (78%) were con-
ducted in urban areas only. The majority of studies recruited

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart. TRID, Transport Research International Documentation.
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participants from multiple sites (38% from urban areas,
19% from both urban and rural areas). The sample sizes
of the articles reviewed ranged from 262 to over 4 million.
While the majority of articles used data collected in cohort
studies (84%), six articles used data from national or state
health registries, which were not primarily established for
particular research purposes. The large-sample studies used
such health registry data.

Research design aspects
Almost all the articles reviewed were based on observational
studies. One natural-experimental study (37), which met
our inclusion criteria (a longitudinal study on built environ-
ment and cardio-metabolic health), examined body mass in-
dex (BMI) changes among those who were assigned
different residential locations (with little to no control over
their neighbourhood placement) after Hurricane Katrina.
The follow-up duration ranged from less than 1 to 18 years.
In cohort studies, data were collected at two waves in about
two-fifths of the studies, while two studies collected data
across seven waves. However, it should be noted that envi-
ronmental attributes were measured only once in most stud-
ies (over 80%). Of these, a majority (n = 23) used single
time point exposure measures that temporally matched with
the study period (often at baseline), three used exposure
data measured outside the study period and three did not re-
port the time point in which exposure data were collected.
Seven studies used built environment attributes measured

at multiple time points concurrent with health data collec-
tion. About half of the articles (n = 17) examined partici-
pants who did not relocate to a new address (stayers)
during the study period. However, 11 of these appear to
have assumed that participants did not relocate during
follow-ups without checking their relocation status. About
10% of the articles focused only on those who relocated
(movers), and one third of the articles included both stayers
and movers in their sample.

Outcomes
Obesity outcomes (incidence of obesity, BMI, waist circum-
ference and body weight) were examined in 60% of the ar-
ticles reviewed. Of the 17 articles using BMI measurements,
nine used objectively measured height and weight, and eight
used self-reported measures. T2D outcomes (incidence of
T2D, fasting glucose, HbA1c and HOMA-IR) were exam-
ined in a quarter of the articles. Hypertension outcomes (in-
cidence of hypertension and systolic/diastolic blood
pressure) were examined in 20% of the articles. CVD events
(incidence of coronary heart disease or stroke or mortality
due to CVD) were examined in 14% of the articles. All arti-
cles that examined outcomes related to T2D, hypertension
and CVD used objectively collected data (i.e. measured by
biomedical examination or retrieved from registry records),
except two studies (49,52) in which self-reported outcomes
were used. Outcome variables were characterized as either
changes in continuous measures (e.g. BMI change from

Table 1 Key characteristics of the 36 articles reviewed

Item Category (number of articles)

Country United States (20); Canada (5); Sweden (4); Australia (3); Finland (1); Germany (1); Lithuania (1); Wales (1)
Publication year 2007 (1); 2009 (4); 2010 (2); 2011 (2); 2013 (7); 2014 (8); 2015 (4); 2016 (7); 2017 (1)
Geographical setting Single-site [urban] (14); multisite [urban] (14); multisite [urban + rural] (7); not reported (1)
Gender Both (29); women only (5); men only (2)
Age group Middle-to-older aged adults (16); all adults (8); older adults (4); younger-to-middle aged adults (3); middle aged adults

(3); younger adults (2)
Baseline sample size 200–500 (3); 501–1,000 (4); 1,001–6,000 (20); 15,000–50,000 (4); 500,000–5,000,000 (5)
Study design Observational (35); natural-experimental (1)
Mean follow-up duration Less than 2 years (3); 2–5 years (8); 5+ years (25)
Number of waves 2 waves (14); 3 waves (3); 4 waves (3); 5 waves (5); 6 waves (1); 7 waves (2); regional administrative health registries

(6); not reported (2)
Relocation status Stayers only (17) [reported (6); assumed (11)]; movers only (7); both (12)
Cardio-metabolic health
outcomes

Obesity related [body mass index (14); waist circumference (6); obesity incidence (4); body weight (2)]; type 2 diabetes
related [type 2 diabetes incidence (6); fasting glucose (1); HOMA-IR (1); HbA1c (1)]; hypertension related [hypertension
incidence (4); systolic/diastolic blood pressure (3)]; cardiovascular disease events (5); others [triglycerides (2); LDL
cholesterol (2); HDL cholesterol (2); dyslipidaemia (2); metabolic syndrome (1); C-reactive protein (1)]

Built environment exposure
variables

Walkability (20); recreational facilities (13) [public open space (5)]; urban sprawl (5); destinations [public transport stops
(2); retail and community destinations (1)]; routes [street connectivity (3); traffic intensity (3); safety (2); amount of slope
(1)]; other composite measures (5); residential density (2); land-use mix (2)

Built environment measurement
methods

GIS measures (33) [scales: administrative unit (14); straight-line buffer (11); street-network buffer (8); distance measure
(7)]; perceived measures (7) [scales: within 15- to 20-min walk from home (6); residential address (1)]

Longitudinal measures Outcome [changes in health outcomes (20); incidences of health outcomes (19)]; exposure [single time point
environment measures (29); multiple time points environment measures (7)]; temporal match of single time point
exposure and outcome [matched (23); mismatched (3); not reported (3)]

GIS, geographic information system; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin
Resistance; HbA1c, Haemoglobin A1c.
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baseline to follow-up) or incidences of adverse events (e.g.
development of T2D at follow-up).

Exposures
A variety of built environment attributes were examined in
the articles reviewed. Neighbourhood walkability, a com-
posite measure of environmental supportiveness for walk-
ing, consisting typically of objectively measured residential
density, street connectivity and land use diversity (n = 16)
or using similar self-reported items measuring perceived en-
vironments (n = 4), was the most frequently used exposure
variable. Another frequently examined exposure was the
presence/proximity of neighbourhood recreational facilities
such as gyms and parks (n = 13). Urban sprawl index, which
is another composite measure, calculated similar to
walkability but involving a degree of centring (concentra-
tion of population/employment within an area), was used
in five studies. To synthesize findings in a succinct manner,
other non-composite built environment attributes were clas-
sified into two categories: destinations and routes (25). In
the current review, the destination category included
presence/proximity of public transport stops and other local
(community and retail) destinations. The route category in-
cluded street connectivity, traffic intensity, perceived safety
and the amount of slope. Two articles (42,54) included
composite measures, which were constructed in ways that
are different from walkability and urban sprawl indices.
For example, neighbourhood development intensity
consisted of population density, road density and resource
(food, physical activity and inactivity resources such as
movie theatres) density (42).

The majority of articles used geographic information sys-
tems to measure built environment attributes (n = 33), while
seven articles used perceived environmental characteristics
(four studies used both). No audit measures were used in
the articles identified. Of the studies using geographic infor-
mation systems measures, administrative units were the
most frequently used area unit (n = 15), followed by
straight-line (circular) buffer areas around participant’s res-
idence (n = 11), street-network buffer areas that can be
reached within a certain distance from residence using street
network (n = 7) and distance measures (proximity of desti-
nations from residence, n = 7). Straight-line and street-
network buffer sizes ranged from 400 m to 3 km. Five out
of seven articles that used perceived environmental mea-
sures were from the Multi-Ethnic Study of Atherosclerosis
study. The Multi-Ethnic Study of Atherosclerosis study
asked participants to rate the suitability of the environment
for physical activity (multiple items) within 1 mile or a 20-
min walk from home.

Analytical approaches
The statistical methods used varied widely according to data
type, study characteristics and research questions. For

instance, statistical approaches included modelling continu-
ous outcome variables (linear regression models); modelling
binary outcome variables (logistic regression models);
modelling incidences of outcome events at follow-up (pro-
portional hazard models); modelling within-person changes
in exposures and outcomes by controlling for time-invariant
confounders (fixed-effects models); and modelling concur-
rent trajectories of exposures and outcomes (latent growth
models). Analysis accounted for area-level clustering
through the use of multilevel regression models or robust
(sandwich-type) standard errors. Studies adjusted for poten-
tial confounding factors including individual-level socio-
demographic covariates (n = 33); behavioural covariates
(n = 23); comorbid conditions (n = 20); area-level socioeco-
nomic variables (n = 23); and residential self-selection (di-
rectly by adjusting for preference or attitudinal measures
[n = 2] or by alternative approaches [n = 9] such as use of
fixed-effects models or propensity-score matching tech-
nique). Two-thirds of the studies examined effect modifica-
tions (n = 24). Further details of analytical approaches
used in the articles are provided in Table S3.

Methodological quality assessment
Table 2 shows the summary of quality assessment. The full
quality assessment results are provided in Table S4. The
highest possible quality score is 12.0. The mean (SD) quality
score was 7.5 (1.1).

Summary of findings

Table 3 presents the summary of findings for longitudinal
relationships between built environment attributes and
cardio-metabolic health outcomes. The table summarizes
findings for each of which the relationship was reported five
or more distinct times. The Aggregated columns list the
number of significant findings (in the expected direction)
of the total number reported, with corresponding percent-
age and number of articles that examined those relation-
ships. The Meta-analysis columns list the weighted Z-value
with the associated p-value calculated in the meta-analysis.
The complete meta-analysis results are provided in Table
S5. In the following, we use the term ‘case’ rather than
‘study’ to describe a specific finding, as one study can exam-
ine many relevant relationships.

Walkability
Meta-analysis found strong evidence for longitudinal rela-
tionships of neighbourhood walkability with obesity and
T2D outcomes. Very strong evidence was found for the im-
pact of walkability on hypertension. Other cardio-
metabolic health outcomes (CVD, triglycerides, cholesterol,
metabolic syndrome, C-reactive protein and dyslipidaemia)
were examined in a limited number of studies (<3 cases,
not reported in Table 3). Studies employed different
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methods in constructing objectives measures of walkability
(i.e. built environment attributes included, buffer type and
size, and composition method) (Table S3). The strength of
the evidence for longitudinal relationships of objective
walkability measures (i.e. excluding perceived measures)

with obesity, T2D and hypertension outcomes was attenu-
ated but remained significant. Perceived walkability was
found to be consistently related with different health out-
comes, including obesity outcomes (36,39), T2D incidence
(47) and hypertension incidence (55). However, there were

Table 2 Summary of quality assessment for the 36 articles

Quality assessment item # of studies meeting the criterion (%) Average score

1 Sample representativeness [response rate ≥ 60% or sample shown to be
representative of the population]

27 (75%) 0.75

2 Study design [natural experiment]† 1 (3%) 0.51
3 Exposure variability [recruitment stratified by key built environmental attributes] 3 (8%) 0.08
4 Individual confounding [adjustment for at least age, gender, education or similar] 33 (92%) 0.92
5 Residential self-selection [directly adjusted]† 3 (8%) 0.21
6 Area-level clustering [accounting for area-level clustering in analysis for multilevel

sampling]
25 (69%) 0.23

7 Appropriate presentation of analysis results 29 (81%) 0.27
8 Follow-up duration [5+ years]† 25 (69%) 0.81
9 Number of data collection time points [3+ waves]† 13 (36%) 0.68
10 Participant retention [retention rate ≥ 80% or drop-outs are comparable with follow-up

participants]†
18 (50%) 0.68

11 Appropriate longitudinal data analysis 36 (100%) 0.33
12 Built environment measurement [street-network buffer for objective measures or use of

validated survey instruments for perceived measures]†
9 (25%) 0.64

13 Health outcome measurement [objective measurement]† 26 (72%) 0.86
14 Temporal match of exposure-outcome measures [multiple time points exposure measures

concurrent with outcome measures]†
7 (19%) 0.51

†Intermediate score (0.5) was also given.

Table 3 Summary of findings for longitudinal relationships between built environment attributes and cardio-metabolic health outcomes

Built environment attributes Cardio-metabolic health outcomes

Obesity T2D Hypertension

Aggregated Meta-
analysis

Aggregated Meta-
analysis

Aggregated Meta-
analysis

Walkability 9/20 (45%)
[13]

2.925
p = 0.003

4/7 (57%)
[7]

2.944
p = 0.003

4/6 (67%)
[6]

3.349
p < 0.001

- Walkability (objective measures only) 7/17 (41%)
[11]

2.379
p = 0.017

3/6 (50%)
[6]

2.357
p = 0.018

3/5 (60%)
[5]

2.793
p = 0.005

Recreational facilities 6/11 (55%)
[7]

2.408
p = 0.016

–

[2]
– –

[2]
–

- Green space/parks 2/5 (40%)
[4]

1.034
p = 0.301

–

[1]
– –

[1]
–

Urban sprawl 3/6 (50%)
[4]

2.989
p = 0.003

– – – –

Destinations [public transport, retail, community] 2/6 (33%)
[2]

1.499
p = 0.134

– – – –

Route attributes [street connectivity, traffic, safety,
slope]

3/8 (38%)
[3]

1.687
p = 0.092

–

[2]
– –

[2]
–

Other composite measures 2/5 (40%)
[2]

1.764
p = 0.077

–

[2]
– –

[1]
–

Total 25/56 (45%)
[21]

– 9/14 (63%)
[9]

– 5/11 (45%)
[7]

–

Aggregated columns show the number of significant (E) findings among the total cases reported, along with corresponding percentage, [number of inde-
pendent articles] examined the specific relationship. Meta-analysis columns show the weighted Z-value, along with associated p-value calculated in the
meta-analysis. Statistically significant evidence is shown in bold. A positive weighted Z-value indicates that the relationship is in the expected direction.
Percentage and meta-analysis results are reported only if relationship was examined five or more distinct times among the reviewed articles. T2D, type
2 diabetes.
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insufficient cases to assess the strength of the evidence for
perceived walkability measures alone.

Recreational facilities
Weak evidence was found for longitudinal relationships be-
tween neighbourhood recreational facilities and obesity out-
comes. Because most of the studies that examined
recreational facilities as exposures did not provide explicit
information on whether parks and other POSs were in-
cluded or not, we combined them with the studies that fo-
cused on access to green spaces or parks. Meta-analysis
found no evidence for longitudinal relationships between
access to green spaces or parks and obesity outcomes. There
were insufficient cases that examined relationships of
neighbourhood recreational facilities with T2D, hyperten-
sion or CVD outcomes.

Urban sprawl
Meta-analysis found strong evidence for the impact of ur-
ban sprawl on obesity outcomes. Urban sprawl and
walkability were both composite measures often con-
structed using similar components. A major difference be-
tween them is that walkability was measured within a
smaller local area (e.g. census block in the USA, a buffer
area around home), while urban sprawl was measured at a
much larger scale such as counties or metropolitan statisti-
cal areas in the USA (37,49,58,64) and included a degree
of centring (72). No studies examined longitudinal relation-
ships of urban sprawl with T2D or hypertension outcomes.

Destinations, routes and other composite measures
No evidence was found for longitudinal relationships of
destinations (public transport stops, retail and community
places), route attributes (street layout, amount of slope
and traffic intensity) and other composite measures with
obesity outcomes. There were insufficient cases that exam-
ined longitudinal relationships of these environmental mea-
sures with T2D, hypertension or CVD outcomes.

Mediation by physical activity and sedentary behaviour
One fourth of the articles attempted to examine whether
longitudinal relationships between built environment attri-
butes and cardio-metabolic health outcomes were mediated
by participants’ physical activity (Table S3). However, al-
most of all of these studies tested the mediation effect simply
by checking whether adjustment for physical activity
(mostly with other potential mediators such as diet)

attenuated the associations. This analytical approach is of-
ten ineffective to accurately estimate mediating effects (73).
Thus, in the current review, the evidence for the mediating
role of physical activity in the relationships examined is in-
conclusive, due to the limitation in analytical approaches.
Nevertheless, one Australian study (71) tested the indirect
effect of walkability on 10-year change in HbA1c through
self-reported physical activity using structural equation
modelling and found a partial mediation effect. None of
the articles reviewed examined mediation by sedentary
behaviour.

Results stratified by relocation status
The studies reviewed can be categorized according to relo-
cation status: stayers (reported), stayers (assumed) and
movers. Table 4 shows the percentage of significant findings
for each relocation status. It was found that studies on
stayers (particularly, on those who were confirmed to stay
in the same location) had a higher percentage of significant
findings, compared with the studies on movers.

Discussion

Impact of built environment attributes on cardio-
metabolic health

To our knowledge, this is the first systematic review of lon-
gitudinal studies that examined relationships between built
environment attributes and cardio-metabolic health out-
comes. Studies using longitudinal designs are recommended
to better understand the potential causal effects of built en-
vironments on health outcomes (15,17). Based on meta-
analysis of existing longitudinal studies, this review found
evidence suggesting causal relationships between living in
a particular environment and change in cardio-metabolic
health.

We found very strong evidence for the longitudinal rela-
tionships of walkability with hypertension outcomes.
Strong evidence was found for the impact of walkability
on obesity and T2D outcomes and for the impact of urban
sprawl on obesity outcomes. A recent systematic review by
Mackenbach et al. (15) reported inconsistent findings for
the relationships between walkability and obesity outcomes
but consistent relationships between urban sprawl and obe-
sity in North America. Another systematic review by
Grasser et al. (13) also reported inconsistent findings for
the relationships between walkability and obesity outcomes.

Table 4 Aggregated results for studies on stayers and movers

Stayers (reported) Stayers (assumed) Movers

Total 11/19 (58%) 11/22 (50%) 6/15 (40%)
Studies on walkability only 7/12 (58%) 1/2 (50%) 3/9 (33%)

Number of significant cases/total number of cases.
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However, these reviews mostly included cross-sectional
studies and did not statistically assess the strength of the ev-
idence using meta-analytical approaches that accounted for
the methodological quality of the studies. Based on findings
of the current review, it can be argued that living in more
walkable and less-sprawled areas may provide residents
with long-term benefits for cardio-metabolic health.

We found weak evidence for the relationships between
neighbourhood recreational facilities and obesity outcomes.
This implies that, to some extent, having more places in the
neighbourhood to engage in moderate-to-vigorous physical
activity may be protective against the development of obe-
sity. No evidence was found for the relationships between ac-
cess to green space or parks and obesity outcomes. This
finding is in line with a previous systematic review of cross-
sectional studies, which reported inconsistent findings for re-
lationships between access to green space and obesity out-
comes (74). It should be noted that studies on green spaces
and cardiovascular health assuming a pathway other than
physical activity (e.g. air quality and stress) were not in-
cluded in the current review due to our inclusion criteria.
Considering that researchers and practitioners consider
POS as important and modifiable community resources that
can contribute to resident’s health (75), further longitudinal
research on POS and health is warranted. It is known that
the quality aspects of POS (size, features and amenities) are
relevant to residents’ walking to and active use of POS (76).
Research may need to incorporate the quality of POS to ex-
amine how they are associated with cardio-metabolic health.

Other environmental measures (destinations, routes and
other composite measures), for which we were able to syn-
thesize findings, did not show any evidence of longitudinal
relationships with obesity outcomes. Because the presence
of local destinations is consistently associated with resi-
dents’ walking (25,77,78), it was expected that residents
of such locations would have lower risk of obesity. How-
ever, meta-analysis did not find any evidence for longitudi-
nal relationships of access to local destinations with obesity
outcomes. Because a large volume of walking (over
300 min week�1) is needed to reduce obesity risk (79),
walking to local proximate destinations may not be long
enough. Several measures related to route aspects (street
connectivity, traffic, safety and slope) were combined to
carry out meta-analysis in this review. We found no evi-
dence for the combined impact of such route characteristics
on obesity outcomes. This may be because these route at-
tributes differed in their associations with cardio-metabolic
health outcomes. For example, neighbourhood traffic was
found to be consistently associated with BMI increase
(40), T2D incidence (52) and hypertension incidence (57),
but neighbourhood safety was not associated with T2D in-
cidence (47) or hypertension incidence (55). This review
found a relatively large number of studies examining com-
posite environmental measures, such as walkability and

urban sprawl. However, less research has been carried
out on specific environmental attributes (such as residential
density and street connectivity). There is a need for
further longitudinal studies to identify specific built envi-
ronment attributes that affect health outcomes to inform
future urban design guidelines for new and established
communities.
With regard to the outcome variables, obesity was still the

most prevalent health outcome in this review (58%). How-
ever, the current review found that more than one third of
the articles examined other cardio-metabolic health out-
comes such as T2D and hypertension outcomes. Research
in exercise science has shown that active lifestyle changes
can be effective in reducing the risk of T2D and hyperten-
sion and can improve cardio-metabolic health profiles, even
when there is no effective change in adiposity (80). This sug-
gests that environmental attributes found to have weak or
no evidence of longitudinal relationships with obesity (rec-
reational facilities, POS, destinations and routes) may be
strongly or weakly related to T2D and hypertension out-
comes. Future research needs to investigate about what as-
pects of built environments might be protective against
broader cardio-metabolic diseases.

Issues on research design

Longitudinal studies of built environments involve either
people who stayed in the same address (stayers) or those
who relocated (movers). For studies on stayers, it is impor-
tant to ensure that participants did not change their address
during the study period. However, as shown in Table 1,
many of the studies on stayers assumed that participants
did not relocate or not explicitly reported about their reloca-
tion status. It is possible that the lower percentage of signifi-
cant findings for assumed stayers (Table 4) may be due to the
error introduced by including some participants who moved
to a different neighbourhood during the study period.
Examining environmental changes is considered to pro-

vide useful knowledge. In most cases, studies on stayers
are unlikely to be suitable for examining environmental
changes, as any changes in established neighbourhoods are
normally modest and slow. To better understand the health
impact of significant environmental changes, research can
use natural experiments (e.g. examining the effect of new
transport infrastructure) or examine environmental changes
among those who relocated. However, as shown in Table 4,
the studies on movers had a lower percentage of significant
findings compared with the studies on stayers. Some movers
may have relocated not long before the follow-up measure-
ment thus may have had only a limited exposure to the new
environment. To accurately examine the effects of environ-
mental changes among movers, the time of relocation is
needed to identify how long participants were exposed to
the old and new environments, but only one study
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considered when during the study period participants
relocated (44). This may be a reason for finding fewer sig-
nificant results in the studies on movers.

Longer periods are considered beneficial for examining
cardio-metabolic outcomes, because it takes time to develop
these conditions (81). Data collection from multiple time
points can be also advantageous, as it facilitates an exami-
nation of whether changes occurred consistently across time
(82,83). The majority of the studies had follow-up periods
of 5 years or longer, and many of these had data collection
at three or more time points. However, longer follow-ups
may also incur higher and systematic attrition, which can
cause bias in the estimates (84). A quantitative comparison
on key characteristics of those who dropped out to those
who remained in the study can be helpful to identify system-
atic attrition and to account for it. Another issue with a lon-
ger follow-up is that some environmental attributes can
change over a long period of time (e.g. loss/addition of des-
tinations and new residential development). However, less
than 20% of the studies in this review measured environ-
mental attributes at the same time with outcome measures.
It is important that environmental attributes were measured
at multiple points concurrent with health data collection,
even for studies on stayers.

Built environment measurement methods

Objective and perceived measures capture distinct aspects of
the built environment (85). Mismatches between perceived
and objectives measures of walkability attributes in the pro-
spective relationships with BMI were reported previously
(86). It was found that the strength of evidence for relation-
ships between walkability and health outcomes was attenu-
ated when the meta-analysis was restricted to objective
measures of walkability, which suggests that perceived
walkability may be more strongly related to health out-
comes. It is possibly because of the match between partici-
pants’ perceived local area and area where their daily
behaviours take place. In contrast, objective walkability
was assessed within a buffer area around the home or an ad-
ministrative area, which may or may not match the area
where participants’ daily behaviours take place. Street-
network buffers are considered as more likely to capture
an accessible local area for residents, compared with alter-
native straight-line buffers or administrative units (87).
However, less than a quarter of the studies reviewed
employed street-network buffers. Similarly, buffer sizes also
need to be appropriate for different types of attributes (e.g.
POS compared with utilitarian destinations) (32) and for
different subgroups (e.g. older adults compared with youn-
ger adults) (88). Not capturing local areas accurately in ob-
jective measures may have contributed to weakening the
relevant evidence (89).

Residential self-selection

The relationship between built environment attributes and
cardio-metabolic outcomes may be confounded by partici-
pants’ self-selection of residential location (e.g. health con-
scious people chose to live in environments supportive of
physical activity). If not appropriately adjusted, this may
magnify the relationships between built environments and
health outcomes (90). However, as shown in this review,
cohort studies that are designed to collect health-related
data do not often measure participants’ attitudes about
or preferences for residential location. In the absence of
self-selection data, alternative analytical approaches (i.e.
propensity score matching and fixed effects models) can
be used (90) to address confounding due to residential
self-selection as was done in some reviewed studies
(43,44,46,49,52–54,67,68).

Mediation by physical activity

We postulated in this review that the relationships between
built environment attributes and cardio-metabolic health
outcomes are partly mediated by physical activity. How-
ever, we did not find conclusive evidence for mediation by
physical activity, mainly due to limitations in traditional
statistical mediation analysis that has been shown to pro-
vide incorrect findings (91). For example, traditional
methods require that the total effect of an exposure on an
outcome must be non-zero and larger than the direct effect,
to observe a significant indirect effect. However, recent sta-
tistical mediation analysis literature argue that it is possible
to have a non-significant total effect yet a significant indi-
rect effect (i.e. when multiple mediating pathways exist
and cancel out each other) (92). In relationships between
built environment exposures and cardio-metabolic health
outcomes, it is hypothesized that multiple mediating path-
ways exist (e.g. physical activity, dietary behaviours and
air pollution) (9). Thus, care must be taken to disentangle
the individual mediating mechanisms. In addition, when
estimating the total effect of an exposure on an outcome,
inappropriate adjustment for intermediate behavioural var-
iables may lead to overadjustment and can produce incor-
rect null findings (93). Further, despite some increased
attention in recent years to understand environmental cor-
relates of sedentary behaviour, and the health impacts of
daily sedentary behaviour such as TV viewing and car driv-
ing (94,95), no studies have examined how this behaviour
is involved in longitudinal relationships between built envi-
ronments and cardio-metabolic health. To better under-
stand how environmental attributes influence residents’
health, future studies need to examine the role of multiple
potential behaviours using the recent developments in medi-
ation analysis methods (73).
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Strengths and limitations

The present systematic review has several strengths. We ex-
clusively reviewed longitudinal studies by systematically
searching eight databases. We assessed the methodological
quality of the articles using a quality assessment tool that
accounted for methodological issues including study design,
measurement and analysis, and synthesized the evidence
using meta-analysis. One of the limitations of this study is
that the quality assessment tool, which was adapted from
Cerin et al. (23), was extended mainly using inputs from
the co-authors. A Delphi study aiming to obtain consensus
among experts about key criteria for assessing quality in
built environment and health studies can produce a more
robust synthesis of the literature in future systematic re-
views. We grouped exposure variables to succinctly summa-
rize current knowledge. However, the reviewed studies
varied in how environmental attributes were measured,
and that variation may have influenced the summary find-
ings shown in Table 3. In particular, the studies differed in
calculating the composite index of walkability. Future re-
search can explore further how different walkability indices
are associated with health outcomes, to produce composite
environmental measures that can better predict long-term
impacts on cardio-metabolic health. This review focused
on studies that examined the health impact of areas where
participants resided, typically using a buffer or an adminis-
trative area around participant’s residence. However, it is
possible that environment outside such areas may also affect
health. Future research/review can investigate the health im-
pact of other specific environments, such as workplace (and
its vicinity) and access to a regional centre. We may have
missed some studies on greenness and cardio-metabolic
health, because diverse research fields, using terms that were
not included in search terms of this review (e.g. vegetation,
land cover and forest), have investigated this topic. The
presence of multiple pathways between greenspace and
health made it difficult for this review to include all the stud-
ies on this topic in a realistic manner. A future review, focus-
ing on greenspace yet incorporating multiple pathways, is
needed to better understand the overall health benefits of
greenspace. Most of the studies reviewed were conducted
in a limited number of Western countries, which limits the
generalizability of the findings to non-Western countries
and to other developed/developing countries. Considering
that developing countries may experience greater environ-
mental changes in a shorter timeframe, further longitudinal
studies from various parts of the world are needed.

Conclusion

The systematic review with meta-analysis of longitudinal
studies found that living in more walkable and less-
sprawled areas is likely to have protective effects against

the development of obesity, T2D and hypertension. Future
longitudinal studies need to examine relationships of spe-
cific attributes of built environments with a range of
cardio-metabolic outcomes including T2D, hypertension
and CVD. Research on behavioural mechanisms is also
warranted to identify underlying behaviours involved in re-
lationships between built environments and cardio-
metabolic health.

Acknowledgements

M. C., J. R. and L. G. are supported by a scholarship and
fellowships (respectively) funded by the NHMRC Centre
of Research Excellence in Healthy Liveable Communities
(#1061404) on which T. S., G. T., A. K. and B. G. C. are
Chief Investigators; N. O. and B. G. C. are supported
by NHMRC Senior Principal Research Fellowships
(#1003960 and #1107672, respectively). We thank Profes-
sor Ester Cerin at Australian Catholic University for provid-
ing advice on the development of the quality assessment
tool. We also thank Ms Kathryn Duncan, senior library
coordinator at Australian Catholic University, for assisting
us in the search of electronic databases.

Conflict of interest statement

The authors report no conflicts of interest.

Author contributions

M. C. and T. S. conceived the study. All authors contributed
to the initial planning of the review. M. C., J. R., L. G. and
T. S. developed the search strategy. M. C. performed data-
base searches. M. C., J. R. and L. G. independently
screened titles and abstracts, read full articles and extracted
data. T. S. mediated the discrepancies in article screening.
M. C. and T. S. developed the quality assessment tool with
inputs from all authors. M. C. assessed study quality and
performed meta-analysis. M. C. and T. S. drafted the man-
uscript. All authors contributed to reviewing and revising
the manuscript, read and approved the final manuscript.

Supporting information

Additional supporting information may be found online in
the Supporting Information section at the end of the article.
https://doi.org/10.1111/obr.12759

Table S1. Search terms used
Table S2: Methodological Quality-Assessment Tool
Table S3: Summary of data extracted from reviewed articles
Table S4: Methodological quality and sample size assess-
ment scores
Table S5: Complete meta-analysis results

Built environment and cardio-metabolic health M. Chandrabose et al. 11obesity reviews

© 2018 World Obesity Federation Obesity Reviews



References

1. Roth GA, Johnson C, Abajobir A et al. Global, regional, and na-
tional burden of cardiovascular diseases for 10 causes, 1990 to
2015. J Am Coll Cardiol 2017; 70(1): 1–25.
2. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the preva-
lence of diabetes for 2010 and 2030.Diabetes Res Clin Pract 2010;
87(1): 4–14.
3. Fisher M. Cardiometabolic disease: the new challenge? Practical
Diabetes 2006; 23(3): 95–97.
4. Pearson TA, Blair SN, Daniels SR et al. AHA guidelines for pri-
mary prevention of cardiovascular disease and stroke: 2002 update:
consensus panel guide to comprehensive risk reduction for adult pa-
tients without coronary or other atherosclerotic vascular diseases.
Circulation 2002; 106(3): 388–391.
5. Zimmet P, Alberti KG, Shaw J. Global and societal implications
of the diabetes epidemic. Nature 2001; 414(6865): 782–787.
6. Bauer UE, Briss PA, Goodman RA, Bowman BA. Prevention of
chronic disease in the 21st century: elimination of the leading pre-
ventable causes of premature death and disability in the USA.
Lancet 2014; 384(9937): 45–52.
7. Hallal PC, Andersen LB, Bull FC et al. Global physical activity
levels: surveillance progress, pitfalls, and prospects. Lancet 2012;
380(9838): 247–257.
8. Sallis JF, Floyd MF, Rodriguez DA, Saelens BE. Role of built en-
vironments in physical activity, obesity, and cardiovascular disease.
Circulation 2012; 125(5): 729–737.
9. Giles-Corti B, Vernez-Moudon A, Reis R et al. City planning
and population health: a global challenge. Lancet 2016;
388(10062): 2912–2924.
10. Black JL, Macinko J. Neighborhoods and obesity. Nutr Rev
2008; 66(1): 2–20.
11. Booth KM, Pinkston MM, Poston WS. Obesity and the
built environment. J Am Diet Assoc 2005; 105(5 Suppl 1):
S110–S117.
12. Durand CP, Andalib M, Dunton GF, Wolch J, Pentz MA. A
systematic review of built environment factors related to physical
activity and obesity risk: implications for smart growth urban plan-
ning. Obes Rev 2011; 12(5): e173–e182.
13. Grasser G, Van Dyck D, Titze S, Stronegger W. Objectively
measured walkability and active transport and weight-related out-
comes in adults: a systematic review. Int J Public Health 2013;
58(4): 615–625.
14. Leal C, Chaix B. The influence of geographic life environments
on cardiometabolic risk factors: a systematic review, a methodolog-
ical assessment and a research agenda. Obes Rev 2011; 12(3):
217–230.
15. Mackenbach JD, Rutter H, Compernolle S et al. Obesogenic
environments: a systematic review of the association between the
physical environment and adult weight status, the SPOTLIGHT
project. Bmc Public Health 2014; 14(1): 233.
16. Malambo P, Kengne AP, De Villiers A, Lambert EV, Puoane T.
Built environment, selected risk factors and major cardiovascular
disease outcomes: a systematic review. PLoS One 2016; 11(11):
e0166846.
17. Papas MA, Alberg AJ, Ewing R, Helzlsouer KJ, Gary TL,
Klassen AC. The built environment and obesity. Epidemiol Rev
2007; 29: 129–143.
18. Owen N, Leslie E, Salmon J, FotheringhamMJ. Environmental
determinants of physical activity and sedentary behavior. Exerc
Sport Sci Rev 2000; 28(4): 153–158.
19. Sallis JF, Owen N. Ecological models of health behavior.
In: Glanz K, Rimer BK, Viswanath K (eds). Health Behavior: Theory,
Research, and Practice. Jossey-Bass: San Francisco, 2015, pp. 43–64.

20. Marteau TM, Hollands GJ, Fletcher PC. Changing human be-
havior to prevent disease: the importance of targeting automatic
processes. Sci 2012; 337(6101): 1492–1495.
21. Aadahl M, Kjaer M, Jorgensen T. Associations between overall
physical activity level and cardiovascular risk factors in an adult
population. Eur J Epidemiol 2007; 22(6): 369–378.
22. Ford ES, Caspersen CJ. Sedentary behaviour and cardiovascu-
lar disease: a review of prospective studies. Int J Epidemiol 2012;
41(5): 1338–1353.
23. Cerin E, Nathan A, van Cauwenberg J et al. The
neighbourhood physical environment and active travel in older
adults: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2017; 14(1): 15.
24. Koohsari MJ, Sugiyama T, Sahlqvist S, Mavoa S, Hadgraft N,
Owen N. Neighborhood environmental attributes and adults’ sed-
entary behaviors: review and research agenda. Prev Med 2015;
77: 141–149.
25. Sugiyama T, Neuhaus M, Cole R, Giles-Corti B, Owen N.
Destination and route attributes associated with adults’ walking:
a review. Med Sci Sports Exerc 2012; 44(7): 1275–1286.
26. Van Cauwenberg J, De Bourdeaudhuij I, De Meester F et al.
Relationship between the physical environment and physical activ-
ity in older adults: a systematic review. Health place 2011; 17(2):
458–469.
27. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Pre-
ferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med 2009; 6(7): e1000097.
28. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary be-
haviors and subsequent health outcomes in adults a systematic
review of longitudinal studies, 1996–2011. Am J Prev Med 2011;
41(2): 207–215.
29. Ding D, Gebel K. Built environment, physical activity, and obe-
sity: what have we learned from reviewing the literature? Health
Place 2012; 18(1): 100–105.
30. Barnett DW, Barnett A, Nathan A et al. Built environmental
correlates of older adults’ total physical activity and walking: a sys-
tematic review and meta-analysis. Int J Behav Nutr Phys Act 2017;
14(1): 103.
31. Tooth L, Ware R, Bain C, Purdie DM, Dobson A. Quality of
reporting of observational longitudinal research. Am J Epidemiol
2005; 161(3): 280–288.
32. Giles-Corti B, Gunn L, Hooper P et al. Built environment and
physical activity. In: Nieuwenhuijsen M, Khreis H (eds). Integrating
Human Health into Urban and Transport Planning. Springer:
Cham, 2019.
33. Whitlock MC. Combining probability from independent tests:
the weighted Z-method is superior to Fisher’s approach. J Evol Biol
2005; 18(5): 1368–1373.
34. Bland M. An Introduction to Medical Statistics. Oxford Uni-
versity Press: UK, 2015.
35. Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation of
random-effects meta-analysis. J R Stat Soc Ser A Stat Soc 2009;
172(1): 137–159.
36. Albrecht SS, Osypuk TL, Kandula NR et al. Change in waist
circumference with longer time in the United States among His-
panic and Chinese immigrants: the modifying role of the
neighborhood built environment. Ann Epidemiol 2015; 25(10):
767–772 e2.
37. Arcaya M, James P, Rhodes JE, Waters MC, Subramanian SV.
Urban sprawl and body mass index among displaced Hurricane
Katrina survivors. Prev Med 2014; 65: 40–46.
38. Auchincloss AH, Diez Roux AV,MujahidMS, ShenM, Bertoni
AG, Carnethon MR. Neighborhood resources for physical activity
and healthy foods and incidence of type 2 diabetes mellitus: the

12 Built environment and cardio-metabolic health M. Chandrabose et al. obesity reviews

© 2018 World Obesity FederationObesity Reviews



multi-ethnic study of atherosclerosis. Arch Intern Med 2009;
169(18): 1698–1704.
39. Auchincloss AH, Mujahid MS, Shen M, Michos ED,
Whitt-Glover MC, Diez Roux AV. Neighborhood health-promoting
resources and obesity risk (the multi-ethnic study of atherosclero-
sis). Obesity (Silver Spring) 2013; 21(3): 621–628.
40. Berry TR, Spence JC, Blanchard C, Cutumisu N, Edwards J,
Nykiforuk C. Changes in BMI over 6 years: the role of demo-
graphic and neighborhood characteristics. Int J Obes (Lond)
2010; 34(8): 1275–1283.
41. Berry TR, Spence JC, Blanchard CM, Cutumisu N, Edwards J,
Selfridge G. A longitudinal and cross-sectional examination of the
relationship between reasons for choosing a neighbourhood,
physical activity and body mass index. Int J Behav Nutr Phys Act
2010; 7: 57.
42. Boone-Heinonen J, Diez-Roux AV, Goff DC et al. The
neighborhood energy balance equation: does neighborhood food
retail environment + physical activity environment = obesity? The
CARDIA study. PLoS One 2013; 8(12): e85141.
43. Booth GL, Creatore MI, Moineddin R et al. Unwalkable
neighborhoods, poverty, and the risk of diabetes among recent
immigrants to Canada compared with long-term residents.
Diabetes Care 2013; 36(2): 302–308.
44. Braun LM, Rodriguez DA, Evenson KR, Hirsch JA,
Moore KA, Diez Roux AV. Walkability and cardiometabolic
risk factors: cross-sectional and longitudinal associations from
the multi-ethnic study of atherosclerosis. Health Place 2016; 39:
9–17.
45. Calling S, Li X, Kawakami N, Hamano T, Sundquist K. Impact
of neighborhood resources on cardiovascular disease: a nationwide
six-year follow-up. BMC Publ Health 2016; 16: 634.
46. Chiu M, Rezai MR, Maclagan LC et al. Moving to a highly
walkable neighborhood and incidence of hypertension: a
propensity-score matched cohort study. Environ Health Perspect
2016; 124(6): 754–760.
47. Christine PJ, Auchincloss AH, Bertoni AG et al. Longitudinal
associations between neighborhood physical and social environ-
ments and incident type 2 diabetes mellitus: the multi-ethnic study
of atherosclerosis (MESA). JAMA Intern Med 2015; 175(8):
1311–1320.
48. Coogan PF, White LF, Evans SR et al. Longitudinal assessment
of urban form and weight gain in African-American women. Am J
Prev Med 2011; 40(4): 411–418.
49. Griffin BA, Eibner C, Bird CE et al. The relationship between
urban sprawl and coronary heart disease in women. Health Place
2013; 20: 51–61.
50. Halonen JI, Kivimaki M, Pentti J et al. Green and blue areas as
predictors of overweight and obesity in an 8-year follow-up study.
Obesity (Silver Spring) 2014; 22(8): 1910–1917.
51. Hamano T, Kawakami N, Li X, Sundquist K. Neighbourhood
environment and stroke: a follow-up study in Sweden. PLoS One
2013; 8(2): e56680.
52. Heidemann C, Niemann H, Paprott R, Du Y, Rathmann W,
Scheidt-Nave C. Residential traffic and incidence of type 2 diabetes:
the German Health Interview and Examination Surveys. Diabet
Med 2014; 31(10): 1269–1276.
53. Hirsch JA, Diez Roux AV, Moore KA, Evenson KR, Rodriguez
DA. Change in walking and body mass index following residential
relocation: the multi-ethnic study of atherosclerosis. Am J Public
Health 2014; 104(3): e49–e56.
54. Hirsch JA, Moore KA, Barrientos-Gutierrez T et al. Built
environment change and change in BMI and waist circumference:
multi-ethnic study of atherosclerosis. Obesity (Silver Spring) 2014;
22(11): 2450–2457.

55. Kaiser P, Diez Roux AV, Mujahid M et al. Neighborhood envi-
ronments and incident hypertension in the multi-ethnic study of
atherosclerosis. Am J Epidemiol 2016; 183(11): 988–997.
56. Kawakami N, Li X, Sundquist K. Health-promoting and
health-damaging neighbourhood resources and coronary heart dis-
ease: a follow-up study of 2 165 000 people. J Epidemiol
Community Health 2011; 65(10): 866–872.
57. Kingsley SL, Eliot MN, Whitsel EA et al. Residential proximity
to major roadways and incident hypertension in post-menopausal
women. Environ Res 2015; 142: 522–528.
58. Lee IM, Ewing R, Sesso HD. The built environment and phys-
ical activity levels: the Harvard Alumni Health Study. Am J Prev
Med 2009; 37(4): 293–298.
59. Li F, Harmer P, Cardinal BJ et al. Built environment and 1-year
change in weight and waist circumference in middle-aged and older
adults: Portland Neighborhood Environment and Health Study.
Am J Epidemiol 2009; 169(4): 401–408.
60. Li F, Harmer P, Cardinal BJ, Vongjaturapat N. Built environ-
ment and changes in blood pressure in middle aged and older
adults. Prev Med 2009; 48(3): 237–241.
61. Michael YL, Gold R, Perrin N, Hillier TA. Built environment
and change in body mass index in older women. Health Place
2013; 22: 7–10.
62. Michael YL, Nagel CL, Gold R, Hillier TA. Does change in the
neighborhood environment prevent obesity in older women? Soc
Sci Med 2014; 102: 129–137.
63. Paquet C, Coffee NT, Haren MT et al. Food environment,
walkability, and public open spaces are associated with incident de-
velopment of cardio-metabolic risk factors in a biomedical cohort.
Health Place 2014; 28: 173–176.
64. Plantinga AJ, Bernell S. The association between urban
sprawl and obesity: is it a two-way street? J Reg Sci 2007; 47(5):
857–879.
65. Sarkar C, Gallacher J, Webster C. Built environment configu-
ration and change in body mass index: the Caerphilly Prospective
Study (CaPS). Health Place 2013; 19: 33–44.
66. Sundquist K, Eriksson U, Mezuk B, Ohlsson H. Neighborhood
walkability, deprivation and incidence of type 2 diabetes: a
population-based study on 512,061 Swedish adults. Health Place
2015; 31: 24–30.
67. Tamosiunas A, Grazuleviciene R, Luksiene D et al. Accessibil-
ity and use of urban green spaces, and cardiovascular health:
findings from a Kaunas cohort study. Environ Health 2014;
13(1): 20.
68. Wasfi RA, Dasgupta K, Orpana H, Ross NA. Neighborhood
walkability and body mass index trajectories: longitudinal study
of Canadians. Am J Public Health 2016; 106(5): 934–940.
69. Braun LM, Rodriguez DA, Song Y et al. Changes in walking,
body mass index, and cardiometabolic risk factors following resi-
dential relocation: longitudinal results from the CARDIA study. J
Transp Health 2016; 3(4): 426–439.
70. Sugiyama T, Niyonsenga T, Howard NJ et al. Residential
proximity to urban centres, local-area walkability and change in
waist circumference among Australian adults. Prev Med 2016; 93:
39–45.
71. Carroll SJ, Niyonsenga T, Coffee NT, Taylor AW, Daniel M.
Does physical activity mediate the associations between local-area
descriptive norms, built environment walkability, and glycosylated
hemoglobin? Int J Environ Res Publ Health 2017; 14(9): 953.
72. Ewing R, Schmid T, Killingsworth R, Zlot A, Raudenbush S.
Relationship between urban sprawl and physical activity, obesity,
and morbidity. Am J Health Promot 2003; 18(1): 47–57.
73. VanderWeele TJ. Mediation analysis: a practitioner’s guide.
Annu Rev Public Health 2016; 37: 17–32.

Built environment and cardio-metabolic health M. Chandrabose et al. 13obesity reviews

© 2018 World Obesity Federation Obesity Reviews



74. Lachowycz K, Jones AP. Greenspace and obesity: a systematic
review of the evidence. Obes Rev 2011; 12(5): e183–e189.
75. Stankov I, Howard NJ, Daniel M, Cargo M. Policy, research
and residents’ perspectives on built environments implicated in
heart disease: a concept mapping approach. Int J Environ Res
Public Health 2017; 14(2): 170.
76. Sugiyama T, Gunn LD, Christian H et al. Quality of public
open spaces and recreational walking. Am J Public Health 2015;
105(12): 2490–2495.
77. Glazier RH, Creatore MI, Weyman JT et al. Density, destina-
tions or both? A comparison of measures of walkability in
relation to transportation behaviors, obesity and diabetes in To-
ronto, Canada. PLoS One 2014; 9(1): e85295.
78. Cole R, Dunn P, Hunter I, Owen N, Sugiyama T. Walk Score
and Australian adults’ home-based walking for transport. Health
Place 2015; 35: 60–65.
79. Fogelholm M. Walking for the management of obesity. Dis
Manag Health Out 2005; 13(1): 9–18.
80. Gaesser GA, Angadi SS, Sawyer BJ. Exercise and diet, indepen-
dent of weight loss, improve cardiometabolic risk profile in
overweight and obese individuals. Phys Sportsmed 2011; 39(2):
87–97.
81. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health
benefits of physical activity – a systematic review of longitudinal
studies. BMC Publ Health 2013; 13(1): 813.
82. Rogosa D. Myths and methods:“myths about longitudinal re-
search” plus supplemental questions. In: The Analysis of Change,
Vol. 3, 1995, p. 66.
83. Taris TW. A Primer in Longitudinal Data Analysis. Sage:
London, 2000.
84. Kristman V, Manno M, Côté P. Loss to follow-up in cohort
studies: how much is too much? Eur J Epidemiol. 2003; 19(8):
751–760.
85. Orstad SL, McDonough MH, Stapleton S, Altincekic C,
Troped PJ. A systematic review of agreement between perceived
and objective neighborhood environment measures and

associations with physical activity outcomes. Environ Behav
2017; 49(8): 904–932.
86. Gebel K, Bauman AE, Sugiyama T, Owen N. Mismatch
between perceived and objectively assessed neighborhood
walkability attributes: prospective relationships with walking and
weight gain. Health Place 2011; 17(2): 519–524.
87. James P, Berrigan D, Hart JE et al. Effects of buffer size and
shape on associations between the built environment and energy
balance. Health Place 2014; 27: 162–170.
88. Villanueva K, Knuiman M, Nathan A et al. The impact of
neighborhood walkability on walking: does it differ across adult life
stage and does neighborhood buffer size matter? Health Place
2014; 25: 43–46.
89. Kwan MP. The uncertain geographic context problem. Ann.
Assoc. Am. Geogr 2012; 102(5): 958–968.
90. Boone-Heinonen J, Gordon-Larsen P, Guilkey DK, Jacobs DR
Jr, Popkin BM. Environment and physical activity dynamics: the
role of residential self-selection. Psychol Sport Exerc 2011; 12(1):
54–60.
91. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epide-
miology: methods, interpretation and bias. Int J Epidemiol 2013;
42(5): 1511–1519.
92. Mascha EJ, Dalton JE, Kurz A, Saager L. Statistical grand
rounds: understanding the mechanism: mediation analysis in ran-
domized and nonrandomized studies. Anesth Analg 2013; 117(4):
980–994.
93. Schisterman EF, Cole SR, Platt RW. Overadjustment bias and
unnecessary adjustment in epidemiologic studies. Epidemiol 2009;
20(4): 488–495.
94. Pereira SMP, Ki M, Power C. Sedentary behaviour and bio-
markers for cardiovascular disease and diabetes in mid-life: the
role of television-viewing and sitting at work. PLoS One 2012;
7(2): e31132.
95. Sugiyama T, Wijndaele K, Koohsari MJ, Tanamas SK, Dunstan
DW, Owen N. Adverse associations of car time with markers of
cardio-metabolic risk. Prev Med 2016; 83: 26–30.

14 Built environment and cardio-metabolic health M. Chandrabose et al. obesity reviews

© 2018 World Obesity FederationObesity Reviews


