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Summary
Recent environmental changes play a role in the dramatic increase in the preva-
lence of cardiometabolic risk factors (CMRFs) such as obesity, hypertension, type
2 diabetes, dyslipidemias and the metabolic syndrome in industrialized countries.
Therefore, identifying environmental characteristics that are associated with risk
factors is critical to develop more effective public health interventions. We con-
ducted a systematic review of the literature investigating relationships between
characteristics of geographic life environments and CMRFs (131 articles). Most
studies were published after 2006, relied on cross-sectional designs, and examined
whether sociodemographic and physical environmental characteristics, and more
recently service environment characteristics, were associated with obesity or, to a
lesser extent, hypertension. Only 14 longitudinal studies were retrieved; diabetes,
dyslipidemias and the metabolic syndrome were rarely analysed; and aspects of
social interactions in the neighbourhood were critically underinvestigated. Envi-
ronmental characteristics that were consistently associated with either obesity or
hypertension include low area socioeconomic position; low urbanization degree;
low street intersection, service availability and residential density; high noise
pollution; low accessibility to supermarkets and high density of convenience
stores; and low social cohesion. Intermediate mechanisms between environmental
characteristics and CMRFs have received little attention. We propose a research
agenda based on the assessment of underinvestigated areas of research and meth-
odological limitations of current literature.
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Introduction

Obesity prevalence has increased at a dramatic rate over
the last three decades in industrialized countries, contrib-
uting to the alarming rise in obesity-related disorders such
as hypertension, type 2 diabetes and dyslipidemia (1).

This sudden increase in obesity is more likely to be
related to environmental changes than to biological
changes (2). Broadly defined environmental factors such as
changes in agriculture, food processing and marketing,

transportation habits, physical demands of work, and
levels of sedentary activities create the context for a
population-level increase in obesity rates, and through their
effects on obesity, in blood pressure, cholesterol and diabe-
tes incidence.

The limited success of education programs targeting atti-
tudes related to physical activity or dietary behaviour may
be due to the failure to consider environmental barriers
to and environmental opportunities for healthy living.
Accordingly, there is a growing recognition that
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environmental and policy interventions are promising
strategies for creating population-wide changes in rates of
obesity and related metabolic disorders (3).

We undertook a systematic review of the literature on
environmental effects on cardiometabolic risk factors
(CMRFs), to promote the development of innovative inter-
ventions to change modifiable environmental exposures or
mitigate the adverse effects of non-modifiable environmen-
tal exposures. Our specific objectives were:

1. To catalogue the environmental correlates of different
CMRFs (obesity, hypertension, type 2 diabetes, dyslipi-
demias and the metabolic syndrome) identified in the lit-
erature;

2. To report circumstances that modify the observed
associations between contextual variables and CMRFs,
allowing the identification of populations at a particular
risk from environmental exposures;

3. To identify mediating pathways investigated between
environmental exposures and CMRFs, which is useful
to develop more efficient interventions targeting the
mechanisms;

4. To identify underinvestigated areas of research, evalu-
ate the methodological strengths and shortcomings of
previous literature, and propose a research agenda.

Methods

We performed a qualitative systematic review of the litera-
ture on geographic life environments and CMRFs. We
rejected quantitative systematic review design because of
the small number of studies dealing with each particular
environmental factor and because of the considerable vari-
ability in their design.

Search strategy

Our search only included articles dealing with human
samples, conducted in developed countries according to the
World Bank list of economies, and published in English
between January 1985 and November 2009. We retrieved
relevant studies through: (i) a PubMed search based on
MeSH keywords (e.g. ‘Environment Design’, ‘Residence
Characteristics’ or ‘Small-Area Analysis’, combined with
‘Obesity’, ‘Overweight’, ‘Blood pressure’, ‘Diabetes
Mellitus’, ‘Dyslipidemias’ or ‘Metabolic Diseases’) and
specific word titles (e.g. ‘Community’, ‘Neighborhood*’,
‘Neighbourhood*’ or ‘Place*’, combined with ‘Adiposity’,
‘Insulin resistance’, ‘Hypertension’ or ‘Metabolic syn-
drome’), and (ii) hand-screening of the reference lists and
citations (ISI Web of Knowledge) of the selected articles.
Details of the PubMed search methodology (including
exhaustive lists of keywords used in the searches) are pro-
vided in Online Appendix S1.

Study selection

The two authors were implied in all steps of the study
selection process. All abstracts identified from PubMed
were screened by the first author (C. L.) to identify poten-
tially eligible articles. C.L. reviewed the full texts and the
second author (B.C.) verified, during daily meetings, which
studies met the pre-defined inclusion/exclusion criteria.

Inclusion criteria were: (i) investigating at least one
measured or self-reported outcome related to body weight/
shape, blood pressure/hypertension, cholesterol or triglyc-
eride levels, insulin resistance, impaired fasting glucose or
type 2 diabetes or the metabolic syndrome; (ii) estimating
associations between environmental variables assessed on a
collective geographic scale related to geographic life envi-
ronments and measured on an infra-national scale and
CMRFs; and (iii) adjusting models for at least one indi-
vidual socioeconomic characteristic to avoid excessive
confounding.

Exclusion criteria were specified to restrict the scope of
the review to studies examining associations between real-
world environmental characteristics and CMRFs. We
excluded studies: (i) only assessing geographic variations in
CMRFs without incorporating any characteristics of geo-
graphic areas; (ii) only considering environmental variables
related to non-geographic life environments (e.g. household
functioning, workplace characteristics, etc.); and (iii)
experimental studies simulating environmental factors (e.g.
noise) in the laboratory.

Data extraction and assessment of studies

Detailed information on selected studies was extracted and
tabulated by C. L. (outcome variables, study design, envi-
ronmental exposures, statistical analysis, adjustment
strategies, modification and mediation analyses, and main
findings). The daily meetings scheduled between the
co-authors permitted to reach a full agreement between
them in the content of the extracted data. To strengthen the
literature assessment, we created a specific score allowing
us to evaluate the quality of studies dealing with associa-
tions between environmental exposures and CMRFs (see
Online Appendix S2).

Results

Overview of the review process

The PubMed search retrieved 5357 abstracts. Thirty-six
studies were included during the screening of the abstracts,
and 336 were selected for a full text examination. From
these 336, 57 other articles were included in the review. We
then performed a hand-screening search in the 5774 refer-
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ences and 2090 citations of these articles. Thirty-eight
other articles were retrieved, leading to a total of 131
articles (see details in Fig. 1).

Additional resources provided to the readers as Online
Appendices include: a detailed table (Online Appendix S3)
and a summary table (Online Appendix S4) reporting all
information extracted from the 131 articles, and exhaustive
lists of studies presenting each specific characteristic in
Online Appendix S5 (only examples are provided below).
We also refer the readers to Fig. 2 that provides an over-
view of the development of the literature over the past 24
years and illustrate the progression of the quality of these
studies over time (based on the quality score described in
Online Appendix S2).

Main characteristics of the samples

Seventy-nine studies out of 131 were published over the
past 4 years (2006–2009), indicating a recent increase in
the interest for these issues. 66% of the selected studies

were conducted in the USA, 7% in Sweden, 6% in Canada
and 5% in the UK.

Of the studies, 66% considered adult samples (>18
years), 17% focused on children or adolescent and 16%
included both children/adolescents and adults. 91% of the
studies with children/adolescents were devoted to weight-
related outcomes.

Of the studies, 53% included between 1000 and 10 000
participants and 31% of them between 10 000 and
100 000 participants. The minimum and maximum sample
sizes were 67 (4) and 1 611 961 (5).

Outcomes

Definition
Each study investigated from one to five CMRFs. 81% of
the studies dealt with weight-related outcomes, and 73%
only considered weight outcomes. 21% of the studies inves-
tigated blood pressure, 7% diabetes or insulin resistance,

5357 references retrieved by 
the computerized search 

36 articles 
included 

(through abstract screening) 

336 full text articles retrieved for review 

57 additional 
articles 

included  
(through full text screening) 

93 articles included in the first step

4985 excluded

- Do not study associations 
between environmental 
factors and CMRFs 
- Do not deal with a human 
population  
- Have no CMRF as the 
outcome 
- Do not include a relevant 
environmental exposure  
- Use perceptions to measure 
the context 
- Were conducted in a 
developing country 
- Have an ecological design 
- Do not adjust for individual 
socioeconomic variables 
- Other reasons (e.g.
adjusted results not 
reported) 

186 excluded

Hand-screening 
search in:

First step

Second step

131 articles were included in the final analysis

2090  
citations

5774 
references

38 additional articles included
in the second step

Reasons for exclusion

Figure 1 Computerized and hand-screening searches (see Online Appendix S1 for details on the search protocol). We distinguish between studies
that were included in the review through the screening of abstracts, through the screening of full texts, and through the screening of citations and
references. CMRF, cardiometabolic risk factor.
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6% dyslipidemias and 2% the metabolic syndrome. 55%
of the studies relied only on self-reported outcomes.

Almost all weight-related studies relied on outcomes
based on body mass index (BMI), either as a continuous or
categorical outcome. Only five studies investigated specific
measures of body fat: waist-to-hip ratio (e.g. (6)) and BMI
and skin-fold measures combined in a single outcome (7).

Regarding blood pressure/hypertension, studies consid-
ered either (i) systolic and/or diastolic blood pressure as
continuous outcomes (e.g. (8,9)); (ii) purely self-reported
hypertension outcomes (e.g. (10)); or (iii) other outcomes
combining information on systolic/diastolic blood pressure
exceeding different thresholds with anti-hypertensive medi-
cation use (e.g. (11)) or a self-reported diagnosis of hyper-
tension (12).

Four of the nine studies on diabetes (e.g. (13)) defined the
outcome based only on participant-reported information,
whereas four others involved measurement of insulin resis-
tance or fasting glucose (e.g. (14)). Even the three studies
related to the metabolic syndrome (e.g. (15)) considered
different definitions of the outcome.

Longitudinal assessment
We devoted particular attention to longitudinal studies.
Only 14 studies assessed an outcome longitudinally
(Table 1). Of these studies, most (nine) considered weight
status, three blood pressure and two diabetes. These studies
included between two and seven (16) successive measure-
ments of the risk factors. The shortest follow-up lasted 1

year and the longest 10 years (17). In obesity analyses,
outcomes corresponded to the difference between two
distinct measures of BMI over time (e.g. (18)) or repeated
measures of BMI directly accounted for in regression
models (16,17). Studies on hypertension involved hyperten-
sion incidence and blood pressure change (9,10), while the
diabetes ones involved only measures of incidence (14).

Environmental exposures

Type of environment
Of the studies, 90% investigated exclusively residential
environmental exposures, while 6% exclusively non-
residential environmental exposures (e.g. (19)), and only
4% both residential and non-residential environments (e.g.
(2)). The non-residential environments investigated were
the school environment in most cases (e.g. (20)), the geo-
graphic work environment (2) and the shopping environ-
ment (21).

Spatial scale
As much as 73% of the studies relied only on pre-defined
administrative area subdivisions to determine environmen-
tal exposures. 74% of the studies provided no information
on area population size. In the remaining studies, area
population size was less than 1000 in 26% and greater
than 10 000 in 23% of the cases.

Twenty-six studies measured environmental variables
within buffers (i.e. areas delimited by considering a certain

2.5

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

2.0 3.0 3.3 5.3 5.4 5.8Mean quality score

Data
analysis

Environmental
exposure

Outcome

Study design

Year

Mediation analysis (23)
Modification analysis (55)

Cross-sectional (124)
Longitudinal (14)

Self-reported outcome (68)
Measured outcome (59)

Obesity (106)
Hypertension (27)

Diabetes (9)
Dyslipidemia (8)

Metabolic syndrome (3)
Socioeconomic environment exposure (75)

Built environment exposure (37)
Service environment exposure (39)

Social interactional exposure (16)
At least 3 categories of exposure (11)

At least 1 ego-centred area (26)
At least 1 ego-centred road network area (10)

At least 1 GIS measurement (45)
At least 1 ecometric measurement (9)

At least 1 audit measurement (9)
Only the residential environment (123)

Residential and non-residential environments (5)
Adjustment for NSEP (34)

Adjustment for clustering (79)

Figure 2 Progression of the quality of studies on geographic environments and cardiometabolic risk factors over the past 24 years (see Online
Appendix S2 for details on the quality score). For each specific study characteristic (the number in parenthesis refers to the number of studies), we
report the first, median, and last years of the corresponding studies that were reviewed. At the bottom of the figure, we report the progression of the
mean quality score of these studies. GIS, geographic information system; NSEP, Neighborhood Socioeconomic Position.
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radius around individuals’ residences, workplaces, etc.).
One of these studies defined buffers around both residence
and workplace (2), another around both residence and
school (20), and a third one defined buffers exclusively
around schools (22). Buffers were of circular form in 65%
of the cases, and were otherwise defined in terms of street
network distance, as recommended (23). The radius of
circular buffers varied in size from 100 (24) to 4800 m
(25), while network buffer radii varied between 640 (26)
and 2000 m (27).

Alternatively, other studies defined contextual variables
at the street level (28) or at the block-face level (29).

Measurement approaches
Of the studies, 50% relied only on administrative data
sources to define contextual variables (e.g. data from the
population census or public administrations). The second
most frequent measurement approach, used in 34% of the
studies, was based on Geographic Information Systems, i.e.
computer software relating spatially defined geographic
shapes with descriptive information about these features.
This approach was used to derive straight-line or street
network distances to services or measure characteristics of
the physical and service environments within buffers.

Other measurement approaches included the aggregation
of individual perceptions of the environment from different
inhabitants of the same neighbourhood to construct vari-
ables at the neighbourhood level (in 7% of the studies, e.g.
(30,31)) and the audit of resources through systematic
observation performed by independent and trained raters
(in 7% of the studies, e.g. (28,29)).

Type of environmental characteristics
As previously proposed (3), we classified environmental
factors in four categories related to the sociodemographic
environment, physical environment, services available in
the environment and local social interactions (see Table 2
for details). 57% of the studies considered contextual
factors related to the sociodemographic or socioeconomic
environment. Regarding more specific environmental
exposures/resources, 36% of the studies measured vari-
ables related to the physical environment (e.g. vegetation,
condition of buildings, road traffic noise, etc.), and 30%
involved variables of the services available in the environ-
ment (e.g. food stores or sport facilities). Only 12% of the
studies considered social interactions in the local environ-
ment (e.g. crime rate or social cohesion).

Statistical analyses and adjustment of associations

When investigating environmental effects, it is common to
rely on population samples with individuals clustered
within areas. As recommended, many studies relied on

multilevel modelling (e.g. (32)) or generalized estimating
equations (10) to account for the clustering of risk factors
within areas.

A critical challenge is to ensure that the estimated
environmental effects are not attributable to differences
between areas in terms of individual characteristics inter-
vening as confounders. 36% of the studies were adjusted
for only one individual socioeconomic variable (which is
insufficient), 53% for two or three individual socioeco-
nomic variables and 10% for four or five such variables.
Interestingly, one study considering obesity at adult age
also controlled for childhood socioeconomic status (33).

Only 38% of the studies considering environmental
exposures related to the physical, service or social- interac-
tional environment reported analyses controlling for area
socioeconomic characteristics as potential confounders
(e.g. (28,33)), as recently recommended (3,34). Moreover,
studies investigating the effects of different environmental
exposures/resources often do not report analyses consider-
ing these variables simultaneously in a regression model
(e.g. (35)).

Associations between environmental factors and
cardiometabolic risk factors

Sociodemographic environment
The most investigated sociodemographic factor was socio-
economic level, followed by ethnic composition and popu-
lation density (Table 2). After individual-level adjustment,
low area socioeconomic level was generally significantly
associated with an increased risk of CMRFs (in 42 of the 56
studies on obesity, 8 of the 12 studies on hypertension, 3 of
the 4 studies on diabetes and dyslipidemia and 2 of the 2
studies on the metabolic syndrome).

Paying particular attention to longitudinal studies
(Table 1), we identified only four studies on weight status
(17,32,36,37) and one on hypertension (10) investigating
socioeconomic environment effects. In one study on
obesity, after individual-level adjustment, living in a poor
neighbourhood was associated with an increase in BMI
percentile over 10 years (17). However, in two other studies
investigating BMI change over 2 and 9 years, there were
no consistent differences in longitudinal trends in BMI
by neighbourhood socioeconomic characteristics (32,36).
Regarding hypertension, a significant inverse association
was found between median housing value and hypertension
incidence over 6 years (10).

Physical environment
Regarding physical environmental factors, the most com-
monly investigated dimensions in weight status studies
were the urbanization degree and street and road network
characteristics (e.g. type of road, connectivity and side-
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walks). Air and noise pollution was the most commonly
considered physical risk factor for hypertension.

As regards urbanization, 12 of the 14 obesity studies
observed that residing (e.g. (5,20)) or attending a school
(38) in a less urbanized or in a rural environment rather
than an urban one was associated with an increased body
weight.

Regarding street and road network characteristics, four
out of eight studies reported that living in areas with high
street connectivity was associated with lower weight status
(33,39) and two studies found that people in areas with
higher densities of highways were more likely to be over-
weight (28,40)). Additionally, studies investigating whether

environmental scores of walkability, land-use mix or
sprawl (e.g. (41)) influence BMI confirmed that environ-
ments with a high density of residential units, street inter-
sections, and services are associated with decreased BMI.
Other reasonably consistent physical environmental predic-
tors of obesity include physical deterioration of the neigh-
bourhood (e.g. (35,42)) and the absence of parks or green
spaces (e.g. (26,35)).

Eight out of 10 studies considering noise pollution found
that exposure to high road traffic (e.g. (43)) and aircraft
(e.g. (12)) noise was associated with higher blood pressure
levels and hypertension prevalence. Regarding dyslipi-
demia, the only two studies available for example reported

Table 2 Main environmental exposures considered for each cardiometabolic risk factor in 120* studies included in the systematic review†

Obesity Hypertension Diabetes Dyslipidemia Metabolic
syndrome

Sociodemographic environment 63 (52) 12 (9) 4 (3) 4 (3) 3 (2)
Demographic dimension 24 (11) 3 (0) 0 0 1 (0)

Age 0 1 (0) 0 0 0
Ethnicity 14 (5) 3 (0) 0 0 1 (0)
Population size/density 14 (7) 0 0 0 0
Residential stability 2 (1) 0 0 0 0

Socioeconomic dimension 56 (49) 12 (9) 4 (3) 4 (3) 2 (2)
Socioeconomic level 56 (47) 12 (9) 4 (3) 4 (3) 2 (2)
Socioeconomic inequalities 8 (5) 1 (1) 0 0 0

Physical environment 36 (29) 13 (11) 2 (1) 3 (2) 0
Urbanization degree 14 (12) 3 (1) 1 (0) 1 (0) 0
Residential unit density 7 (3) 1 (1) 0 0 0
Street and road network 11 (6) 0 1 (0) 0 0

Type of road (e.g. highway) 3 (2) 0 1 (0) 0 0
Connectivity 8 (4) 0 0 0 0
Sidewalks 2 (1) 0 1 (0) 0 0

Outside building condition 5 (3) 0 1 (1) 0 0
Physical deterioration 5 (3) 0 1 (1) 0 0
Aesthetic architectural features 1 (0) 0 0 0 0

Air and noise pollution 2 (1) 10 (8) 1 (0) 2 (2) 0
Temperature/climate 2 (1) 2 (1) 0 0 0
Altitude/slope 2 (1) 0 0 0 0
Parks/green spaces 7 (5) 1 (1) 0 0 0

Services 37 (30) 3 (2) 2 (1) 1 (0) 0
Food environment 29 (22) 2 (1) 2 (1) 1 (0) 0

Food stores 21 (13) 2 (1) 2 (1) 1 (0) 0
Traditional or fast-food restaurants 20 (9) 1 (1) 0 0 0

Sport or recreational facilities 8 (3) 0 0 0 0
Healthcare resources 1 (1) 0 0 0 0
Density of destinations 5 (4) 0 0 0 0
Public transportation 4 (2) 0 0 0 0

Social interactions in the environment 14 (8) 2 (2) 0 0 0
Insecurity/crime 10 (4) 2 (2) 0 0 0
Social cohesion/social capital 7 (5) 2 (2) 0 0 0

All environmental factors 96 (89) 26 (21) 7 (5) 8 (5) 3 (2)

*Studies using composite indexes encompassing different environmental dimensions of our classification (e.g. on both the physical and service
environments) are not reported in the present table. Such composite variables include indicators of sprawl (six studies [four reporting a significant
association]), walkability (four [three]) and land-use mix (six [six]).
†We indicate the number of studies in each case, and in parenthesis the number of studies in which statistically significant associations were
reported. We are aware that statistical significance or non-significance are arbitrary notions, especially in light of the major differences between
studies in designs, adjustment strategies, measurement approaches, etc.
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that a high traffic noise was associated with a higher trig-
lycerides level (43).

Nine of the 14 longitudinal studies on the environment
and CMRFs (e.g. (6,29)) investigated at least one aspect of
the physical environment. Only two studies on BMI change
(36,44) and two on blood pressure/hypertension (9,12)
reported a significant association. The former study
(n = 262 participants) reported that, after adjustment, indi-
viduals who had moved to a less sprawling county tended
to have had a more favourable BMI change (44).

Services available in the environment
Services available in the environment were significantly
associated with weight status in 81% of the studies (30 out
of 37) that tested such relationships. Statistically significant
associations were reported between aspects of the food
environment and weight status in 22 of the 29 reviewed
studies.

Accessibility to supermarkets and groceries was associ-
ated with a lower weight status in six studies (e.g.
(31,45)), while exposure to convenience stores was asso-
ciated with a higher weight status in four studies (e.g.
(42)). Other studies, however, did not report any signifi-
cant association between accessibility to food stores and
weight status (46).

Only nine of the 20 studies considering restaurants
reported a statistically significant association with obesity.
Of the nine studies, six reported that an increase in fast-
food restaurant density was associated with a higher body
weight (e.g. (45)) while three studies observed that a higher
availability of restaurants (2) or full-service restaurants
(25) was associated with a lower body weight.

Regarding food prices, an increase in prices of fruits and
vegetable was found to be associated with a higher body
weight (47). In contrast, a study found that a one dollar
increase in the price of a fast-food meal in the participant’s
school city was associated with a 2.2% reduction in preva-
lence of overweight (19).

It appears that fewer significant relationships were docu-
mented between sport or recreational facilities and body
weight. Two studies indicated that a high level of accessi-
bility to sport facilities was negatively associated with BMI
(28,48), but one study reported an association in the oppo-
site direction and the others no association.

Only few studies investigated the effects of the service
environment on hypertension (49–51) and diabetes
(30,49). One study found that residents of neighbourhoods
with a higher availability of healthy foods were less likely
to be hypertensive (50). Another study examining diabetes
in the USA reported a positive association between the
distance to a neighbourhood with good physical activity
resources and insulin resistance (30), while another study
did not find any association between the presence of

food stores and diabetes (49). The latter study found no
associations between the availability of food stores and
cholesterol.

Longitudinal studies on obesity (6,18,47) found no
effects of the service environment. However, other studies
noted a detrimental effect of fast-food restaurant density on
blood pressure change (9) and a beneficial effect of physical
activity resources and healthy foods on the incidence of
diabetes (14).

Social interactions in the environment
Eight of 14 studies reported significant associations
between local social interactions and body weight (e.g.
(31,48)), while it was the case in two of the two studies on
hypertension/blood pressure (8,50). Most of the studies
considering social interactions assessed insecurity or
criminality levels. Four (e.g. (48,52)) of the 10 studies
investigating associations between insecurity/criminality
and body weight found statistically significant relation-
ships. Regarding hypertension/blood pressure, the only two
studies on this issue reported that neighbourhood crime
experience was associated with increased blood pressure
(8,50).

Social cohesion/capital was the second most commonly
investigated dimension. Five of seven studies on weight
status (e.g. (31,42)) and two of two on hypertension/blood
pressure (8,50) found that residing or attending a school in
areas with more supportive social interactions was associ-
ated with a lower body weight and blood pressure.

Importantly, no longitudinal study and no study related
to dyslipidemias, diabetes or the metabolic syndrome
investigated social interactions in the environment as the
exposure.

Modification and mediation of the
environment–cardiometabolic risk
factor associations

Modification of environmental effects
Overall, 42% of the studies examined interactions between
environmental effects and individual/contextual charac-
teristics or performed stratified analyses, allowing the
identification of populations at a particular risk from
environmental exposures. To facilitate the literature
assessment, we classified individual-level modifiers in four
categories: sociodemographic variables, health variables,
health behaviour and psychosocial aspects (see Online
Appendix S6). Clearly, the modification effects most fre-
quently examined were related to individual sociodemo-
graphic characteristics, i.e. to gender, ethnicity and
individual socioeconomic characteristics (in 45 studies).

Although few consistent findings emerged, it was fre-
quently reported that associations were stronger among
women and low-socioeconomic-status individuals. For
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example, studies reported stronger associations between
income inequalities (53), recreational values of the environ-
ment (54), sidewalk condition (55) and CMRFs among
low-socioeconomic-status individuals.

Besides individual-level modifiers, only six studies on
obesity (e.g. (21,56)) and one on blood pressure (9) exam-
ined whether effects of environmental variables were modi-
fied by other environmental factors. For example, a study
evaluated whether neighbourhood crime modified relation-
ships between distance to the nearest playground or fast-
food restaurant and overweight, but found no significant
interactions (56).

Mediating mechanisms between environmental factors
and cardiometabolic risk factors
To identify the mechanisms involved in the relationships,
18% of the studies investigated the mediating role of indi-
vidual or contextual characteristics (Online Appendix S6),
generally reporting changes in environmental effects on
CMRFs before and after inclusion of the suspected
mediators.

As shown in Online Appendix S6, the mediating mecha-
nisms most investigated were related to individual health
behaviour such as physical activity and dietary behaviour,
corresponding to 13 and 2 studies on obesity and diabetes,
respectively. Four studies reported that physical activity
(modelled alone or with other mediators) had a mediating
role in associations between physical environmental factors
and obesity. In one study, adding physical activity to the
model (with no other mediator simultaneously) decreased
the strength of the association between land use mix and
BMI by only 5% (57). Dietary behaviour was the second
most commonly investigated mediator (in six and two
studies of obesity and diabetes, respectively), but always
with physical activity and other mediators introduced
simultaneously into the model.

Other studies considered health variables as mediators.
For example, two studies found that area-level socioeco-
nomic effects on diabetes were reduced when controlling
for BMI (and for physical activity and diet) (30,58),
whereas another study did not find any change in material
deprivation effects on diabetes after adjustment for BMI
and other physiological factors (59).

Only four studies examined whether relationships
between environmental characteristics and CMRFs (always
obesity) were mediated by another contextual variable. For
instance, one study reported that area social capital did not
mediate the association between county sprawl index or
mean household income and obesity (60).

Discussion

Our systematic review summarizes the methods and find-
ings of studies on the associations between geographic life

environment and CMRFs published between 1985 and
2009. Based on this review and on an assessment of the
strengths and weaknesses of the literature, we propose a
research agenda for future research (see Table 3).

Strengths and limitations of the review

Contrary to previous reviews that only considered obesity,
a particular strength of our work is that we assessed a
broad range of CMRFs. So far, the evidence for environ-
mental effects on hypertension, diabetes and the metabolic
syndrome has not been summarized. A second strength of
our study is the systematic review methodology and the
very large number of abstracts (n = 5357) and selected
articles (n = 131) that were screened.

Regarding limitations, we may have missed relevant
studies when screening references and citations of the
selected articles if their investigation of environmental
determinants of CMRFs was not detectable from the title.
Second, we were not able to evaluate how publication
biases towards positive findings affected our evaluation.
Finally, the small number of studies examining a specific
environmental exposure and outcome prevented a quanti-
tative meta-analysis.

Overview of the associations estimated

The most consistent associations reported were between
socioeconomic characteristics of residential neighbour-
hoods and weight status and blood pressure, with more
unfavourable CMRF profiles in socially deprived neigh-
bourhoods after adjustment for individual socioeconomic
characteristics.

Regarding aspects of the physical environment, another
remarkably consistent association was higher obesity
levels in less urbanized settings, a pattern of association in
the opposite direction from developing countries where
increased urbanization is related to higher body weight
(52). Coherently, a number of studies reported that residing
in a neighbourhood with a high density of street intersec-
tions, residential units and services was associated with a
lower risk of obesity (e.g. (33,57)). Other reasonably
consistent physical environmental predictors of CMRFs
include physical deterioration of the neighbourhood (e.g.
(35,42)) and the absence of parks (e.g. (26,35)) for obesity,
and noise pollution for blood pressure (e.g. (43)).

Regarding the food environment, reasonably consistent
associations were reported between accessibility to a super-
market and lower body weight (e.g. (45,49)), and between
convenience store (e.g. (42,61)) and fast-food restaurant
(6,62) accessibility and higher body weight.

Regarding social interactions, certain studies reported
that insecurity/criminality was associated with an increased
body weight (e.g. (48,52)) and blood pressure (e.g. (8,50)),
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but other studies reported negative findings. Studies inves-
tigating social cohesion were perhaps more consistent in
finding that geographic life environments with supportive
social interactions are associated with lower odds of
obesity (e.g. (31,42)) or high blood pressure (8,50).

Methodological limitations and recommendations

Study design
Most of the studies relied on a cross-sectional design, not
permitting inference on the direction of the underlying
causal effects. Selective migration and the selective location
of resources represent two major sources of confounding
(3). First, relationships between the availability of resources
(e.g. fast foods, sport facilities) and CMRFs are probably
biased by the selective location of resources by public or
private agents near populations willing to use them. A
second source of bias is related to selective migration,
by which people with specific characteristics tend to
move towards particular areas. Three reviewed studies
(16,18,44) investigated health-related selective migration
to specific areas. Given the small number of longitudinal
studies (14 out of 131), a key recommendation is to under-
take more cohort studies involving repeated measurements
of CMRFs, to account for selective migration and model
growth curves in these outcomes.

However, even longitudinal designs may be unable to
remove all selective migration biases, as migrations bring

specific individuals into specific neighbourhoods before the
follow-up. Investigators should therefore collect specific
information on participants’ a priori reasons for selecting
their particular neighbourhood (3,63), to better adjust their
models.

Cardiometabolic risk factors and their measurement
First, in 52% of the studies, outcomes were self-reported.
As it is difficult to predict in which direction associations
are distorted when relying on self-report, investigators
should restrict their efforts to measured outcomes. Second,
it is critical to focus on the environmental correlates of
hypertension, diabetes, dyslipidemias and the metabolic
syndrome, which have received much less attention than
obesity. Third, only 3% of the studies examined specific
measures of body fat and no studies considered measures of
visceral fat, which future environmental research should
therefore address.

Finally, to facilitate comparison across studies, investiga-
tors could report findings on environmental influences
using different approaches to the outcome (e.g. both a
continuous and a binary variable when appropriate, or the
different definitions of a condition).

Measurement of environmental exposures
A considerable number of studies defined contextual vari-
ables within administrative areas. It is now widely recog-
nized that these measures may not reflect the environmental

Table 3 Research agenda for the future investigations of the environmental determinants of CMRFs

Outcomes
• Avoid studies relying on self-reported CMRF outcomes.
• Take into account, in addition to body mass index, parameters of abdominal adiposity and visceral fat.
• Develop studies on diabetes, dyslipidemias and the metabolic syndrome.
• Prioritize studies with a longitudinal assessment of the outcome.

Environmental exposures
• Define ego-centred geographic areas that approximate the actual space of activity of individuals in their local environment.
• Take into account non-residential geographic environments (e.g. the geographic work, school or shopping environments) in addition to the

residential environment.
• Assess the spatial scale on which environmental factors affect the outcomes.
• Distinguish between acute and chronic environmental exposures.
• Perform studies with a longitudinal assessment of environmental exposures.
• Develop and apply efficient protocols to characterize the food environment and social interactions that take place in the neighbourhood.
• Take into account the accessibility to healthcare services, a particularly neglected dimension in the reviewed studies.

Analytic design
• Apply multilevel or spatial regression techniques to assess the magnitude and scale of geographic variations in CMRFs.
• Rely on directed acyclic graphs to present research hypotheses in an explicit way and identify individual or neighbourhood variables that should

be considered as confounders, modifiers, mediators or sources of selection bias.
• Take into account area-level confounding by adjusting the environment–CMRF associations for area socioeconomic characteristics and other area

characteristics (pay attention, however, to the risk of collider bias).
• Measure selective migration processes and take them into account during the analyses.
• Investigate and disentangle the individual-level mechanisms mediating associations between environmental variables and CMRFs.
• Develop questionnaires to measure the experiences individuals have in their environment, as possible contributors to the environment–CMRF

associations of interest.

CMRF, cardiometabolic risk factor.
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conditions to which individuals are exposed (3). Whenever
possible, investigators should rely on ego-centred defini-
tions of areas that approximate individuals’ local activity
spaces (23), i.e. areas centred on individuals’ residences.
Also, researchers should define these ego-centred geo-
graphic areas on different scales (by considering different
area radii in sensitivity analyses), and should not exclu-
sively focus on residential environments but account for
other geographic life environments (21).

Whereas early studies exclusively investigated neighbour-
hood sociodemographic characteristics, recently released
databases and geographic information systems allow
researchers to ascertain various characteristics of the physi-
cal and service environment. Regarding the latter, more
studies are needed to assess whether the availability of
recreational and sport facilities has any detectable effect on
body weight. A particular challenge relates to the assess-
ment of the food environment, for which measures of the
type of food stores and restaurants need to be completed
by in-store and in-restaurant assessments. Also, future
research should investigate effects of the accessibility to
healthcare services on CMRFs, which have been almost
entirely ignored (except in (64)).

Interestingly, we found that investigators have devoted
more attention to the physical and service environments
than to the social interactions in the environment.
However, there is evidence supporting the hypothesis that
neighbourhood social interactions may influence CMRF
incidence, either through their effect on health behaviour or
through direct stress effects (3). Importantly, our recom-
mendation of a greater focus on area social interactions
implies particular efforts to measure these characteristics,
which are inadequately documented in administrative
sources. As systematic observation (involving trained raters
with checklists assessing aspects of the environment) is
known to be less accurate for the assessment of social
interactions than for aspects of the physical environment
(65), a promising avenue is to develop ecometric
approaches aggregating individual responses to survey
questions on the environment to construct indicators at the
neighbourhood level (3).

Analytic approaches
Before estimating associations with environmental charac-
teristics, investigators should investigate the geographic
distribution of CMRFs, using multilevel and spatial regres-
sion techniques to assess the magnitude and spatial scale of
geographic variations of these outcomes (66,67).

We recommend relying on directed acyclic graphs to
present hypotheses explicitly and to identify individual
or neighbourhood variables intervening as confounders,
modifiers, mediators or sources of selection bias for the
associations of interest (34). Importantly, in addition to
individual socioeconomic variables, neighbourhood socio-

economic status may intervene as an important source of
bias in a number of studies of the associations between
environmental exposures and CMRFs. For example,
Morland (49) did not investigate whether the association
between the availability of supermarkets and overweight
persisted after adjustment for neighbourhood socioeco-
nomic position. We thus recommend that investigators
report their findings on environment–health associations
also adjusted for neighbourhood socioeconomic variables
at least in sensitivity analyses, even if such adjustment may
induce other biases in specific situations (34).

In future research, it is important to assess whether
associations between particular environmental factors and
CMRFs are stronger in specific population subgroups, e.g.
among women and low-socioeconomic-status groups as
often documented. However, beyond basic individual
sociodemographic or health characteristics, future research
should examine whether psychological characteristics,
social support and experiences in or perceptions of the
neighbourhood modify environment–CMRF associations.

Assessing mediating pathways explaining associations
between environmental characteristics and CMRFs may
lead to proposing more efficient interventions targeting
mechanisms. Ideally, the aim would be to rank the different
mechanisms according to their importance in mediating
the environment–CMRF associations of interest. However,
such information is lost when all potential mediators
are included, all together at a time, into the model (3),
as commonly done in the reviewed studies. Related
approaches to investigate mediating mechanisms include
path analysis (68) or a recent framework to estimate direct
and indirect effects under various assumptions (69). Based
on these techniques, a challenge for future research is to
examine whether the affective, cognitive and relational
experiences that individuals have in their environments
influence health behaviours (including healthcare utiliza-
tion, a particularly neglected mediator), which in turn con-
tribute to cardiometabolic risk.

Conclusion

Our systematic review of 131 studies published over 24
years allowed us to identify methodological limitations and
underinvestigated areas of research, leading to a number
of recommendations related to the study design and out-
comes, assessment of environmental exposures and analytic
approaches (Table 3). We hope that this research agenda
will allow us to strengthen evidence regarding environmen-
tal influences on CMRFs, and develop more efficient
multilevel public health interventions targeting both the
environmental exposures, the individual circumstances that
modify their influence, and their mechanistic pathway to
cardiometabolic risk.
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