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Abstract Cardiovascular (CV) health is influenced not only by biological factors but also by the environments in which people 
live. The environment comprises interconnected built, living, and social domains that shape health behaviours, psy
chosocial well-being, environmental exposures, and access to resources. Within this framework, the built environ
ment, the human-made settings that structure daily life, plays a key role in influencing physical activity, dietary 
behaviours, social interactions, safety, and overall well-being. Neighbourhoods are embedded within historical, legal, 
political, cultural, and economic contexts that shape the social determinants of health and contribute to CV health. 
Growing evidence indicates that characteristics of the living environment substantially influence cardiovascular dis
ease (CVD) and related disorders through multiple pathways. These include access to healthcare, air and noise pol
lution, availability of healthy foods and green spaces, physical activity, social cohesion, and chronic psychosocial 
stress. Potential mechanisms include inflammation, oxidative stress, neuroendocrine dysregulation, unhealthy life
style behaviours, and persistent stress responses that promote cardiometabolic dysfunction and vascular disease. 
This expert opinion examines challenges and opportunities related to nutrition, physical activity, environmental qual
ity, community engagement, and occupational as well as social dimensions of the living environment from a public 
health perspective. This document highlights the importance of designing healthier communities that support CV 
health and reduce disease burden. Furthermore, neighbourhoods may serve as measurable units for monitoring 
CVD and broader health outcomes by integrating environmental characteristics with CV metrics, electronic health 
records, geospatial data, and neighbourhood-level social risk indicators. Addressing environmental determinants 
across multiple scales supports targeted public health strategies in Europe and globally.

* Corresponding author. Tel: +44 1603 592534, V.Vassiliou@uea.ac.uk
© The Author(s) 2026. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

D
ow

nloaded from
 academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ag387/8747687 by East Anglia U
niversity user on 13 N

ovem
ber 2026

https://orcid.org/0000-0002-6340-3996
https://orcid.org/0000-0002-9878-256X
https://orcid.org/0000-0001-6103-8510
https://orcid.org/0000-0002-2016-5852
https://orcid.org/0000-0002-7091-7880
https://orcid.org/0000-0001-5976-6519
https://orcid.org/0000-0003-0346-5412
https://orcid.org/0000-0001-5510-1253
https://orcid.org/0000-0002-4005-7752
mailto:V.Vassiliou@uea.ac.uk
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurjpc/zwag387


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Graphical Abstract

Environmental determinants

Digital/data tools Policy/urban design

Causal mechanisms Key cardiovascular outcomes

• Built walkability, green space
• Physico-chemical: air pollution,

light pollution, noise
• Food: supermarkets vs fast food
• Climate: heat, floods, storms
• Social: area-level deprivation

• Behavioral: diet, inactivity,
smoking/vaping

• Physiological: inflammation,
oxidative stress

• Endothelial dysfunction
• Sympathetic/HPA axis
• Metabolic abnormalities

The paradigm shift

• GIS/spatial modelling
• Al for risk assessment
• mHealth/loT sensors

• Low emission zones
• Superblocks/smart streets
• Green infrastructure

• Arrhythmias
• CVD-related mortality
• Hypertension
• Myocardial infarction
• Renal failure
• Stroke

Keywords Cardiovascular disease • Living environment • Lifestyle • e-Health • Food environment

What is already known
• The built environment, defined as the human-made sur

roundings that structure daily life, plays a critical role in 
shaping physical activity, dietary behaviours, social inter
actions, safety, and overall well-being.

• Characteristics of the built environment significantly af
fect cardiovascular disease and related metabolic disor
ders.

What this study adds 
• City-level ‘smart street’ and ‘smart city’ initiatives inte

grate technology with the built environment, for example 
by embedding digital signage, urban sensors, and gamifi
cation strategies to promote active transport and health
ier food choices

• Artificial intelligence can assess aggregated community 
data to identify high-risk neighbourhoods and environ
mental stressors, supporting urban planning and public 
health strategies

• Redesigning cities with green spaces, safe mobility, and 
social connectivity addresses key social and environmen
tal determinants of health, supporting healthier lifestyles 
and reducing cardiovascular risk across populations 

Cardiovascular prevention; from the 
‘stone age’ to the current era; the role 
of built and living environments
Recently, the European Society of Cardiology (ESC) Atlas re
ported 68 million disability-adjusted life years attributable to car
diovascular disease (CVD) in association with more than 3 million 
deaths per year, identifying CVD as the leading cause of death 
across ESC member countries.1 Cardiovascular (CV) health is 
shaped not only by biological factors but also by the environ
ments in which we live. The built environment, encompassing 
the human-made surroundings in which people live, work, and en
gage in daily activities, plays a critical role in shaping physical ac
tivity, dietary choices, social interactions, and perceptions of 
safety.1–4 Neighbourhood environments are embedded within 
historical, legal, political, cultural, and economic contexts that in
fluence social determinants of health and structure interpersonal 
and community relationships.5 A modern perspective conceptua
lizes neighbourhoods as multidimensional environments compris
ing interconnected physical, social, environmental, and 
socioeconomic characteristics that influence CV health. 
Neighbourhood features, including walkability, access to amen
ities, safety, social cohesion, greenness, and environmental qual
ity, affect physical activity, obesity, cardiometabolic risk factors, 
health behaviours, and psychosocial stress, ultimately shaping 
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CVD risk, mortality, and population health outcomes.6 Viewed 
through the exposome framework, neighbourhood’s characteris
tics represent a complex array of external exposures, including 
built, social, chemical, and psychosocial environments that accu
mulate and interact over the life course. Together, these factors 
contribute to health trajectories by influencing both behavioural 
pathways and underlying biological mechanisms. Accumulating 
evidence suggests that factors related to the built environment 
significantly impact CV health and related metabolic disorders 
through various pathways. This influences the living environment 
by limiting access to healthcare, exposing to environmental ha
zards, shaping unhealthy lifestyle behaviours, and increasing 
stress levels. Understanding these complex pathways can inform 
public health policies and interventions aimed at reducing the bur
den of CVD in Europe and globally. By examining and designing 
built and living environments that systematically collect health 
and environmental data, healthcare systems can gain valuable in
sights that support more targeted and effective prevention strat
egies. Integrating neighbourhood-level characteristics into CV 
prevention efforts may further support early risk identification, 
address social and environmental determinants of health, and en
hance population-level health outcomes.4

This opinion review from experts in CV prevention examines the 
challenges and opportunities related to lifestyle, community affairs, 
occupation, and their social dimensions in preventing CVD within 
the built environment from a public health perspective. A key as
pect of this approach is to include evidence-based proposals on 
how to create residential environments that promote a healthy life
style and reduce CV risk. The new challenge for modern CVD pre
vention comes from identifying macro-to-micro environment 
determinants to establish tailored public health strategies.

Major environmental factors in 
relation to cardiovascular disease risk
Climate change
Current European CV statistics and literature reviews suggest 
that several environmental factors interplay with environmental 
characteristics, substantially increasing CVD risk.1,4 The inter
play between built environment and climate change has been 
recognized since the 1990s as a major contributor to CV mor
bidity and mortality, yet health-system adaptation remains lim
ited. Increased exposure to extreme temperatures and severe 
weather events contributes to CVD through haemodynamic, in
flammatory, and thrombotic pathways.7–10 The built environ
ment contributes to climate change through energy use, 
transport, and land-use patterns, while also shaping exposure 
and resilience to climate hazards. Together, natural and built en
vironments influence health via environmental exposures and 
vulnerability. Moreover, climate change amplifies the CV burden 
of air pollution. Rising ambient temperatures accelerate the 
photochemical reactions that generate ground-level ozone, 
while prolonged heatwaves, droughts, and altered atmospheric 
circulation patterns favour the accumulation of air pollutants 
and reduce their dispersion. Climate change also contributes 
to the increasing frequency, duration, and intensity of wildfires, 
which have become major sources of fine particulate matter 
(PM2.5) and other toxic pollutants. Consequently, climate-driven 

changes in air quality may substantially increase population ex
posure to both PM2.5 and ozone, thereby amplifying the burden 
of CVD.9,10 These pathophysiological processes increase CV 
risk, particularly among older adults and socioeconomically dis
advantaged populations.10

Lifestyle behaviours
Regular physical activity, a key determinant to reduce CV risk 
and mortality,11–14 is strongly influenced by the built environ
ment. Neighbourhood walkability, access to green spaces, and 
safety are associated with higher activity levels, while deprived 
environments contribute to sedentary behaviour and higher CV 
risk. Despite these well-established health effects, sedentary 
lifestyles remain common.15 The WHO More Active People for 
a Healthier World initiative aims to reduce global inactivity by 
15% by 2030, highlighting the importance of policies, infrastruc
ture, and incentives to promote regular physical activities, green, 
walkable neighbourhoods with accessible parks can significantly 
boost resident physical activity levels.16

Dietary habits and eating behaviours, cornerstones of CV 
health, are also influenced by living built environment. 
Accumulating evidence suggests that in the urban built environ
ment, widespread access to both nutrient-dense foods and high
ly processed, energy-dense options (i.e. fast-food) has shifted 
diets towards unhealthier patterns and related to an increased 
incidence of CVD.17–20 Health and nutrition literacy are crucial 
components for shaping healthy dietary behaviours, which are 
also influenced by the built environment.21 Time constraints, so
cial isolation, and vulnerability within the living environment 
have been associated with lower health and nutrition literacy, 
hindering the adoption of healthy dietary patterns.22–24

Smoking, active or passive (i.e. second hand), is also influenced 
by the built environment through neighbourhood socioeconomic 
conditions, tobacco retail density, advertising exposure, smoke- 
free space availability, and social norms affecting smoking behav
iour.25–30 As awareness of the adverse health effects of tobacco 
smoking has increased, electronic cigarettes (e-cigarettes) have 
gained substantial popularity over the past few years. Often pro
moted as less harmful alternatives to combustible tobacco pro
ducts and as tools for smoking reduction or cessation, 
e-cigarettes are widely perceived as safer options. Nevertheless, 
growing scientific evidence suggests that e-cigarette use may 
also have important adverse health consequences, which interact 
with living environment.31 Expanding smoking bans to outdoor 
areas and regulating e-cigarettes and vaping can help strengthen 
CV prevention within living environments.32

Stress
Environmental exposures can also act as stress amplifiers or buf
fers, influencing CVD risk.33,34 Air pollution, noise, heat, traffic 
density, and sedentary travel are consistently associated with 
higher CVD risk, partly through sympathetic activation, hypo
thalamic–pituitary–adrenal axis stimulation, oxidative stress, in
flammation, and vascular dysfunction.9,35–38 In contrast, access 
to green spaces, walkable neighbourhoods, and low-noise envir
onments are linked to less stress activation, improved well- 
being, and lower risk of CVD.39–43 Urban planning that reduces 
harmful exposures while promoting restorative environments is 
therefore important for CV prevention.
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Knowledge gaps
Despite strong evidence linking environmental exposures to 
lifestyle behaviour and CVD, research gaps persist in establish
ing causality through longitudinal designs, defining age and sex- 
specific sensitivities, modelling complex non-linear behavioural 
responses, and addressing how socioeconomic contexts influ
ence the impact of urban infrastructure on CV health. 
Moreover, research often isolates single exposures, lacks longi
tudinal and intervention studies, and rarely integrates acute and 
chronic stress pathways.

Modifiable characteristics of built and 
living environments
Health-friendly characteristics at macro 
area-level
Traditionally, a geographical macro area refers to a large terri
tory defined by shared characteristics, such as physical environ
ment, economic and social development, or geopolitical borders 
(e.g. the EU or North Africa). In this paper, we define macro area- 
level as a borough, a district, eventually an entire city or an 
administrative region. A major methodological challenge in 
evaluating health-friendly macro environmental characteristics 
is the accurate measurement of area-level exposures and their 
spatial distribution across populations. In assessing health- 
friendly area-level characteristics, data are often aggregated at 
pre-existing administrative spatial scales, such as for neighbour
hoods, postal code areas, and census blocks.44 Consequently, all 
residents within the same area are assigned identical exposure 
data, overlooking variations in exposure within the area. 
Moreover, such areas are often delineated by arbitrary boundar
ies that may not accurately reflect continuous spatial features.45

Geographic information systems (GIS) are designed to capture, 
store, manipulate, analyse, combine, and present all types of 
spatial data.46 Instead of relying solely on administrative areas, 
data from multiple sources can be combined within Euclidean 
or street-network buffers around residential addresses or other 
locations, providing standardized exposure areas and more ac
curate representations of the environments to which people 
are exposed.45,46 Geographically referenced information can 
be derived, for instance, from geodata registers, street-view 
images, measurements from monitoring stations, and outputs 
from spatial models. GIS enable the assessment of single envir
onmental factors, such as accessibility of green space or 
fast-food outlet density, as well as the identification of spatial 
hotspots or clusters where multiple exposures, such as air pollu
tion, traffic noise, and lack of recreational infrastructure, con
verge. These systems are powerful tools for assessing 
health-friendly area-level characteristics.45

Shaping health-friendly built environment at 
micro-level
Micro-level areas vary from a small number of buildings to bor
oughs. At the micro-level, health-friendly built environments 
can be promoted through neighbourhood designs that encour
age walking, cycling, social interaction, and access to green 
spaces, healthy food outlets, and essential services. Such 

interventions can improve physical activity, reduce psychosocial 
stress and environmental exposures, and ultimately contribute 
to better CV and overall health. Various reviews have indicated 
that safe, walkable, and aesthetically pleasing neighbourhoods, 
with access to general and specific destinations and services, 
may positively influence physical activity in (older) adults.46–49

For instance, access to more green space and a higher level of 
land-use mix (i.e. the availability of diverse destinations) within 
neighbourhoods is associated with a lower risk of obesity, 
hypertension, type 2 diabetes mellitus, CVD events, including 
mortality.50,51 Particularly, neighbourhood walkability has re
cently gained interest as a potential upstream determinant of 
CV health.3,50–54 This parameter reflects the extent to which 
an area is conducive to walking and is often measured by an in
dex combining multiple built environmental factors, such as 
population density, land-use mix, and street connectivity.50

Creating a health-friendly physicochemical 
environment
The physicochemical environment refers to the totality of 
external physical and chemical exposures from natural and an
thropogenic sources, including air pollution, noise, ambient tem
perature, and light pollution. Air pollution increases CVD risk via 
systemic inflammation, oxidative stress, and endothelial dys
function. Noise and extreme temperatures can trigger hyperten
sion, vasoconstriction, and tachycardia, while light pollution may 
disrupt circadian rhythms and sleep, leading to metabolic dysre
gulation and elevated blood pressure.35 Substantial evidence 
links air pollution to CVD morbidity and mortality. A recent um
brella review and meta-meta-analysis confirmed the association 
between several air pollutants and CVD events, with strong evi
dence that higher PM2.5 levels are related to a higher CVD mor
tality, ischaemic heart disease mortality, and stroke risk.35

Similarly, greater noise exposure has been consistently linked 
to adverse CV outcomes, including higher risks of ischaemic 
heart disease and CVD mortality.9,35,55,56 Extreme ambient tem
peratures have also been associated with elevated CVD risk.35

Moreover, artificial light at night is linked to increased risk of 
coronary heart disease (CHD), including higher CHD mortality 
and hospitalization rates.54 At the micro-level, a health-friendly 
physicochemical environment can be achieved by reducing ex
posure to air and noise pollution, improving indoor and outdoor 
air quality, enhancing thermal comfort, and increasing access to 
green spaces. These measures help mitigate inflammation, oxi
dative stress, and chronic stress responses, thereby supporting 
health and well-being.

Shaping a health-friendly food environment
The geographical access to food in communities or neighbour
hoods is known as the food environment.56,57 Evidence, mostly 
from residential settings, suggests that greater availability of 
fast-food and convenience stores are associated with lower 
diet quality, including higher intake of (ultra)processed foods, 
snacks, and sugar-sweetened beverages. Conversely, greater 
availability of supermarkets and healthy food outlets is linked 
to healthier diets.57,58 A recent systematic review found that a 
higher density of fast-food restaurants was most consistently 
associated with a higher CVD prevalence, incidence, and mortal
ity.57 Nonetheless, associations with myocardial infarction or 
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stroke were less consistent. Evidence for other aspects of the 
food environment, such as density of food service restaurants 
and unhealthy food outlets, remains limited.57,58 Importantly, 
prospective studies are scarce. A recent nationwide prospective 
cohort study in the Netherlands showed that changes in expos
ure to a healthier food environment over 14 years were asso
ciated with reduced CVD hospitalizations and mortality, 
particularly in urbanized areas, among younger adults, and in 
those with higher incomes.58

Social environment
The social environment refers to the relationships and contexts 
in which people live and interact, encompassing several dimen
sions at micro-level, including: (i) economic and social disadvan
tage, (ii) social relationships and norms, (iii) social cohesion and 
social capital, (iv) crime and safety, (v) civic participation and en
gagement, and (vi) disorder and incivilities.59–61 These dimen
sions operate at different levels, from personal networks to 
neighbourhood contexts, and may influence CV health through 
coping abilities, lifestyle behaviours, and psychological mechan
isms.49,60 A recent systematic review and meta-analysis re
vealed that adverse social environments are associated with 
unfavourable cardiometabolic risk profiles.59 Most evidence fo
cused on dimension ‘economic and social disadvantage’, such as 
area-level deprivation, which was associated with higher CVD 
risk scores, impaired glucose metabolism, and other CV risk fac
tors. Another comprehensive work, summarizing 281 studies 
and 1108 associations, evaluated the evidence on the associ
ation between the social environment and cardiometabolic 
health outcomes.60 Specifically, the ‘economic and social disad
vantage’ dimension was associated with higher risks of hyper
tensive diseases, type 2 diabetes, and heart failure, while 
poorer ‘social relationships and norms’ were related to a higher 
risk of ischaemic heart disease.60–62

Integrating neighbourhood and healthcare 
system strategies for effective cardiovascular 
disease prevention
Effective CVD prevention requires moving beyond a sole focus 
on individual-level risk factors and addressing environmental 
determinants operating at both macro- and micro-levels, while 
integrating these upstream influences into healthcare sys
tems.49,61 Incorporating comprehensive environmental expos
ure assessments into healthcare systems can enable earlier 
identification of at-risk individuals, support more precise risk 
stratification, and guide interventions tailored to environmental 
contexts. This requires appropriate environmental health educa
tion and the development of tools, data infrastructures, and clin
ical workflows that enable healthcare professionals, such as 
general practitioners, physiotherapists, and dieticians, to sys
tematically consider environmental exposures alongside trad
itional risk factors in lifestyle advice and treatment.49 For 
instance, tools mapping neighbourhood walkability can inform 
both patients and (para-)clinicians about areas supportive of 
walking, enabling shared decision-making for personalized life
style interventions that take the patient’s local living environ
ment into account.

Currently, clinical guidelines include limited recommenda
tions related to the exposome (i.e. the totality of environmental 

exposures across a person’s life, including external factors, e.g. 
pollution, diet, climate, and the built and social environment, 
and internal biological responses, e.g. inflammation and metab
olism). Advice may exist for air pollution exposure, but other en
vironmental factors are not well addressed and appreciated.62,63

While integrating comprehensive environmental exposure as
sessments into healthcare systems may support improved risk 
stratification and earlier identification of vulnerable CVD indivi
duals (Table 1), such approaches must be considered in the con
text of already strained and resource-limited health systems. 
Given these constraints and the broader drivers of population 
health, greater public health impact may be achieved by prioritiz
ing upstream interventions that reduce environmental pollution 
and hazardous exposures at the source. Accordingly, strengthen
ing environmental regulation and urban planning may offer a 
more efficient and scalable strategy for CVD prevention than ex
panding healthcare-based exposure monitoring alone.64

Knowledge gaps
To enable the shift from neighbourhoods to healthcare systems 
and develop wide-reaching CVD prevention strategies, the evi
dence base on environmental determinants of CVD must be 
strengthened and knowledge gaps addressed. First, most existing 
studies rely on cross-sectional data, highlighting the need for lon
gitudinal studies to evaluate the impact of environmental changes 
on lifestyle behaviours and CVD outcomes over time.63 Second, 
research has mainly focused on residential exposures, often over
looking influences at other places (e.g. workplaces and recreation
al settings). Incorporating time-activity-weighted exposures could 
provide a more accurate assessment of total environmental risk.62

Third, studies frequently use a single-exposure approach, where
as individuals are exposed to multiple factors simultaneously. 
Using a composite exposure approach, such as indices combining 
multiple factors, can better capture co-occurring exposures, 
providing a holistic assessment of the environment that shapes 
lifestyle behaviours and subsequent disease risk.54,57 Fourth, en
vironmental factors may affect CVD risk differently across popu
lation subgroups (e.g. by sex, age, ethnicity, and socioeconomic 
position). Examining multiple environmental attributes alongside 
multiple behaviours and risk factors across subgroups can provide 
insights into these differential effects.53 Fifth, underlying me
chanisms remain insufficiently understood, particularly regarding 
mediation through lifestyle behaviours and direct physiological 
pathways.53 While evidence is substantial for some factors (e.g. 
air pollution), many exposures remain understudied (e.g. plastics, 
food delivery services, and various social environment dimen
sions) and require further investigation to assess their impact on 
CVD risk.

Modern technology within the 
context of built and living 
environments
The role of smart technology in promoting 
healthy behaviour
Smart technology offers novel opportunities to foster healthier 
lifestyle behaviours at scale by embedding prevention into daily 
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routines.65 Smartphone applications for diet tracking and exer
cise promotion have demonstrated potential for improving diet
ary quality and physical activity through real-time feedback and 
behavioural nudges.66–68 City-level ‘smart street’ and ‘smart 
city’ initiatives integrate technology with the built environment, 
for example by embedding digital signage, urban sensors, and 
gamification strategies to promote active transport and health
ier food choices.67,68 Pilot projects such as Barcelona’s 
Superblocks (Cerdà urban plan of Barcelona was designed in 
1860) and Singapore’s Smart Nation Healthier SG illustrate how 
combining digital tools with urban design can reduce sedentary 
behaviour and encourage active commuting.69,70 Importantly, 
merging personalized apps with citywide digital infrastructures 
may allow synergistic improvements in lifestyle modification, 
thereby advancing CVD prevention.66

Mobile health and digital literacy
Mobile health (mHealth) technologies have transformed access 
to preventive cardiology by providing scalable, low-cost plat
forms for lifestyle monitoring, medication adherence, and re
mote coaching.65,66 Randomized trials such as TEXT ME and 
mActive demonstrated improvements in risk factor control and 
physical activity using SMS and app-based interventions.71–73

However, the potential of mHealth is contingent on adequate 
digital literacy. Gaps in health and digital literacy, particularly 
among older adults, lower socioeconomic groups, and migrants, 
pose significant barriers to equitable adoption. Initiatives like 
the WHO’s Be He@lthy, Be Mobile programme show how tar
geted training and culturally adapted content can bridge this div
ide.74 Integrating digital literacy into health promotion 
strategies is critical to ensure mHealth tools reduce, rather 
than exacerbate, CV health inequalities. Strengthening regula
tory oversight, data security, and interoperability with electronic 
health records will further enhance the role of mHealth in CVD 
prevention.66,71,72,74–76

Internet of things
The internet of things (IoT) refers to a network of intercon
nected sensors and devices that continuously collect, transmit, 
and analyse data.77 IoT offers two complementary and practical 
ways to monitor CV health in both homes and communities. 
First, it can modify environmental conditions such as tempera
ture, light, humidity, and odour based on individual inputs or 
measured biological outputs. Second, IoT devices can capture 
physiological signals, such as heart rate, activity levels, or sleep 
patterns, through direct or indirect sensors. In home settings, 
ventilation or lighting can be optimized via IoT data to reduce 
CV strain. At the community level, aggregated IoT data can 
help identify environmental risk factors such as air pollution, ex
cessive noise, heat exposure, or lack of green space, all of which 
are known to influence the risk for CVD. Beyond immediate 
feedback, IoT systems support early detection of CVD and allow 
optimizing environmental exposures by linking biological re
sponses to specific conditions. Moreover, IoT technologies com
bined with machine-learning approaches can accurately detect 
and monitor CVD.77 By integrating biological measurements 
with environmental data, IoT can transform both homes and 
public spaces into adaptive systems that actively support CV 
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health, moving beyond passive monitoring to a pro-active model 
of disease prevention.

Artificial intelligence and data analytics
Artificial intelligence (AI) is increasingly used in CV research for 
pattern recognition in complex datasets. In prevention, AI applied 
to clinical and physiological data, such as electrocardiograms 
(ECGs), imaging, and wearable signals, may improve early detec
tion of subclinical disease and risk prediction in selected settings, 
although its impact on real-world outcomes remains uncer
tain.78,79 AI has also been used to examine links between environ
mental exposures and CV physiology, with studies combining 
wearable and pollution data showing short-term associations 
with heart rate variability, blood pressure, and arrhythmias. In 
addition, machine-learning approaches applied to health records 
and geospatial data can identify neighbourhood-level clusters 
of CV risk related to socioeconomic and environmental disadvan
tage.80 At a population level, emerging work using AI-driven geo
spatial and ‘digital twin’ approaches is being explored to simulate 
environmental and health interactions, including climate-related 
risks.81,82 While integration of IoT devices, environmental sen
sors, and health data offers opportunities for more granular ex
posure assessment, these applications remain largely in the 
research domain and have yet to demonstrate consistent effect
iveness in reducing CVD burden in routine practice.83

Knowledge gaps
The long-term engagement with apps needs more assessment. 
The impact on health behaviours of cities designed using AI re
mains to be established. Finally, challenges, such as digital liter
acy, app usability, and data privacy, and security concerns 
should not be underestimated. Furthermore, apps are devel
oped by companies which are driven by financial gains; that 
should also be considered.

Policies and interventions at 
improving health status across 
European countries
Action plans for CVD prevention in Europe
Recent European policy developments have increasingly recog
nized the role of the built environment in shaping CV health 
outcomes, including the 2024 EU Council Conclusions on 
Cardiovascular Health and the Healthier Together initiative.84 There 
is evidence of a commitment to address non-communicable dis
eases through environmental, social, and health-system levers. 
These frameworks encourage Member States to operationalize 
CVD prevention by integrating structural determinants into nation
al action plans. Furthermore, programmes like EU4Health provide 
funding pathways that support local governments and health sys
tems in adapting these overarching strategies to their urban con
texts. Translational initiatives such as JACARDI and the WHO 
HEARTS technical package offer additional and more concrete 
tools for embedding CV prevention into community and neighbour
hood systems. Notably, cities across Europe are experimenting with 
integrating these protocols within walk-in clinics, school health sys
tems, and digital infrastructures embedded in the urban fabric.85,86

Integrating measures at neighbourhood level 
into health-system actions
A growing emphasis on data and equity has prompted the devel
opment of tools like the City Heartbeat Index, which quantifies 
city-level CV risk readiness based on key domains, including so
cial determinants, physical environment, health risks, health ser
vices, and governance.87 In doing so, this index offers a 
comprehensive and policy-relevant framework, which can serve 
as a benchmarking tool for cross-city comparisons and for asses
sing the drivers and barriers to CV health at the city-level.87 The 
evaluation of the likelihood of success of city-based interven
tions. City-based approaches are complex interventions, and it 
would be useful to use/refer to the non-adoption, abandon
ment, scale-up, spread, and sustainability framework to discuss 
factors that limit/facilitate adoption, scalability, and spread.88

Data tools are dependent on data availability and quality, which 
could vary across cities and comparability can be challenging be
cause of differing data collection methods and definitions. Also, 
urban environments change rapidly, but updates may lag real- 
time conditions. These advances recognize the need for multi- 
sectoral policy alignment: housing, zoning, transportation, and 
public safety all shape the daily exposures that modulate CV 
risk, as has also been recognized by the World Heart 
Federation.84 Thus, effective CVD prevention requires policies 
that actively promote heart-healthy environments. The synergy 
between urban planning and CV policy represents a cornerstone 
of future health-system resilience across Europe (Figure 1).

Policies related to the built environment
Built environment policies targeting upstream determinants of 
CV health are mechanistically sound but remain understudied 
regarding their direct effects on CVD outcomes. Nonetheless, 
emerging examples from European cities suggest that these pol
icies may improve CV health. Low Emission Zones, implemented 
in cities such as Berlin (Germany) and London (UK), have been 
associated with improved air quality and reductions in CVD out
comes.89 In Barcelona (Spain), the Superblocks initiative reclaims 
urban space from traffic by reducing car use, increasing green
ery, and improving walkability, thereby lowering exposure to 
air pollution, noise, and urban heat, while promoting active mo
bility.90 The project involves restricting vehicle traffic within a 
defined area (typically nine city blocks), lowering speed limits, 
and using the reclaimed space for social areas, green infrastruc
ture, and active mobility. This transformation reduces air and 
noise pollution, encourages active transportation, and fosters 
social interaction within communities. The goal is to reduce air 
and noise pollution, increase green spaces, improve public 
health, and create a more people-centred city. Although reduc
tions in pre-mature mortality have been observed, specific evi
dence on CVD outcomes is lacking. Similarly, the 15-Minute 
City in Paris (France) fosters compact, mixed-use neighbour
hoods that encourage active transportation and access to green 
spaces. Cities like Copenhagen and Amsterdam, which prioritize 
cycling, walking, and clean air, fostering daily physical activity, 
and Vienna, which integrates affordable housing with parks 
and efficient public transit, demonstrate how health-oriented 
built environments can effectively reduce CV and chronic dis
ease risks. While no evaluations of its effects on CVD risk 
have yet been conducted, benefits are expected from higher 
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levels of physical activity.91 Previous studies in creating built en
vironments that promote physical activity, reduce pollution, and 
lower stress have been associated with reduced burden of CVD. 
From a CV health perspective, Superblocks support higher levels 
of physical activity, lower exposure to pollutants, and reduced 
stress all contributing to improve metabolic and CV outcomes. 
Redesigning cities with green spaces, safe mobility, limiting 
food-deserts, and social connectivity addresses key social and 
environmental determinants of health, supporting healthier life
styles and reducing CV risk across populations.42,92–94

Knowledge gaps
Despite growing recognition of the role of environmental deter
minants in CV health, important knowledge gaps remain. 
Evidence on the long-term effectiveness, scalability, and equity 
impacts of multilevel interventions across European countries is 
limited, while harmonized indicators for cross-country evaluation 
are lacking. Furthermore, environmental exposures are rarely in
tegrated into healthcare systems and routine CV risk assessment, 
and the potential of geospatial, digital health, and electronic 
health record data for precision prevention remains underex
plored. Additional research is needed to evaluate context-specific 

policies, climate-related health interventions, and intersectoral 
strategies that can effectively reduce CVD burden and health in
equalities across Europe.

Conclusions; barriers, gaps, and 
opportunities
CVD prevention has evolved from focusing primarily on individ
ual risk factors to recognizing the influence of environmental, 
social, and technological contexts on health behaviours 
(Graphical abstract). This review highlights the critical role of 
the environment, including built and living, physicochemical, 
food, and social domains, in shaping physical activity, diet, stress 
exposure, and access to preventive resources, with important 
implications for population CV health.

Important barriers to translating this evidence into effective 
prevention strategies include socioeconomic inequalities, lim
ited integration of environmental determinants into health
care, gaps in digital and health literacy, and insufficient policy 
co-ordination. Research is further constrained by methodo
logical limitations and an incomplete understanding of causal 
mechanisms. However, advances in geospatial technologies, 

Figure 1 Conceptual framework illustrating the integration of environmental determinants of health to reduce cardiovascular disease 
risk. The framework highlights the roles of the food environment, built environment, social environment, and smart technologies in as
sessing areas of high cardiovascular disease risk and supporting healthier urban environments.
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mHealth, and AI, alongside integrated urban planning 
and public health policies, offer promising opportunities to 
support personalized prevention and create heart-healthy 
environments.

Recently, ESC has proposed that the exposome framework 
can act as a conceptual tool to understand the cumulative life
time impact of environmental hazards on CV health; while spe
cial attention should be given to vulnerable populations, 
including children, the elderly, socioeconomically disadvantaged 
groups, and patients with pre-existing CVD.4 Although environ
mental risk factors generally have smaller effect sizes than trad
itional CV risk factors, their widespread population exposure 
confers substantial public health impact. Consequently, effect
ive CVD prevention requires addressing upstream 

environmental determinants alongside individual risk factors. 
This can be supported through a One Health approach, greater 
public awareness, environmental health education, and nature- 
based solutions such as urban greening and blue spaces, which 
improve air quality, reduce noise and heat exposure, promote 
physical activity, and alleviate stress. Co-ordinated efforts 
across research, healthcare, technology, and policy are essential 
to reduce CV burden and promote equitable and sustainable CV 
health (Figure 2).

Acknowledgements
This manuscript was illustrated with the assistance of AI tools, such 
as ChatGPT 5 (OpenAI, San Francisco, CA, USA), Gemini (Google, 

Figure 2 Systems-based conceptual models of factors influencing cardiovascular disease risk in urban settings. The diagram illustrates 
the interconnected contributions of the built environment, climate, social determinants, food environment, and digital health technolo
gies for the prevention and management of cardiovascular disease.

Building healthy living environment                                                                                                                                                               9
D

ow
nloaded from

 academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ag387/8747687 by East Anglia U

niversity user on 13 N
ovem

ber 2026



Palo Alto, CA, USA), and Napkin AI (Napkin AI, Palo Alto, CA, USA), 
in keeping with established best practices (G.B.-Z. ChatGPT for 
Medical Research; Torino: Minerva Medica; 2024). The final content 
has been thoroughly revised, edited, and approved by the authors. 
The authors take full responsibility for the integrity and accuracy 
of the work and retain full credit for all intellectual contributions. 
Compliance with ethical standards and guidelines for the use of AI 
in research has been ensured.

Author contributions
Christina Chrysohoou (Conceptualization, Investigation, Methodology 
[lead], Writing—original draft [equal]), Erik Timmermans 
(Conceptualization, Investigation, Methodology, Writing—review & 
editing [supporting]), Buket Akinci (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Giuseppe Biondi-Zoccai 
(Conceptualization, Investigation, Methodology, Writing—review & 
editing [supporting]), Martin Bahls (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Ioana Cristina Daha 
(Conceptualization, Methodology, Writing—review & editing [sup
porting]), Mayank Dalakoti (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Louisa Gnatiuc 
Friedrichs (Conceptualization, Methodology, Writing—review & edit
ing [supporting]), Maryam Kavousi (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Sanne Peters 
(Conceptualization, Methodology, Writing—review & editing [sup
porting]), Pedro Marques-Vidal (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Gary Tse 
(Conceptualization, Methodology, Writing—review & editing [sup
porting]), Maja-Lisa Lochen (Conceptualization, Methodology, 
Writing—review & editing [supporting]), Demosthenes 
Panagiotakos (Conceptualization, Methodology, Writing—review 
& editing [supporting]), and Vassilios S. Vassiliou 
(Conceptualization, Investigation, Methodology [equal], Writing— 
review & editing [lead])

Funding
No funding required for this work.

Conflict of interest: C.C. has been served as advisory board member 
for Roche Diagnostics, Boehringer, Medtronic. G.B.-Z. has con
sulted, lectured and/or served as advisory board member and/or ex
pert witness for Abiomed, Advanced Nanotherapies, Amarin, 
AstraZeneca, Balmed, Cardionovum, Cepton, Crannmedical, 
Endocore Lab, Eukon, Guidotti, Innova HTS, Innovheart, Menarini, 
Microport, Opsens Medical, Otsuka Medical Devices Europe, 
Recor, Servier, Synthesa, Terumo, and Translumina, outside the pre
sent work. E.T. is financially supported by the Dutch Heart 
Foundation, 03-004-2025-0176.

Data availability
No new data were generated or analysed in support of this research.

References
1. Timmis A, Petersen SE, Van Belle E, Townsend N, Conrad N, Kaplon-Cieslicka 

A, et al. European society of cardiology: cardiovascular disease statistics 2025. 
Eur Heart J 2026;47:3499–3543.

2. Perry AS, Zhang K, Murthy VL, Choi B, Zhao S, Gajjar P, et al. Proteomics, hu
man environmental exposure, and cardiometabolic risk. Circ Res 2024;135: 
138–154.

3. Chandrabose M, Rachele JN, Gunn L, Kavanagh A, Owen N, Turrell G, et al. 
Built environment and cardio-metabolic health: systematic review and 
meta-analysis of longitudinal studies. Obes Rev 2019;20:41–54.

4. Piepoli M, Weidinger F, Aboyans V, Abreu A, Andersen ZJ, Baneras J, et al. 
Environmental risk factors and cardiovascular health. Eur Heart J 2026;47: 
3474–3498.

5. Vachuska K. Do neighborhoods have boundaries? A novel empirical test for a 
historic question. PLoS One 2024;19:e0313282.

6. Maliniak ML, Moubadder L, Nash R, Lash TL, Kramer MR, McCullough LE. 
Census tracts are not neighborhoods: addressing spatial misalignment in stud
ies examining the impact of historical redlining on present-day health out
comes. Epidemiology 2023;34:817–826.

7. Kazi DS, Katznelson E, Liu CL, Al-Roub NM, Chaudhary RS, Young DE, et al. 
Climate change and cardiovascular health: a systematic review. JAMA Cardiol 
2024;9:748–757.

8. Liu J, Varghese BM, Hansen A, Zhang Y, Driscoll T, Morgan G, et al. Heat ex
posure and cardiovascular health outcomes: a systematic review and 
meta-analysis. Lancet Planet Health 2022;6:e484–e495.

9. Münzel T, Sørensen M, Lelieveld J, Landrigan PJ, Kuntic M, Nieuwenhuijsen M, 
et al. A comprehensive review/expert statement on environmental risk factors 
of cardiovascular disease. Cardiovasc Res 2025;121:1653–1678.

10. Hadley MB, Vedanthan R, Ebi KL, Fuster V. Climate cardiology. BMJ Glob 
Health 2022;7:e008860.

11. Wen CP, Wai JP, Tsai MK, Yang YC, Cheng TYD, Lee M-C, et al. Minimum 
amount of physical activity for reduced mortality and extended life expect
ancy: a prospective cohort study. Lancet 2011;378:1244–1253.

12. Elliott AD, Linz D, Mishima R, Kadhim K, Gallagher C, Middeldorp ME, et al. 
Association between physical activity and risk of incident arrhythmias in 
402 406 individuals: evidence from the UK Biobank cohort. Eur Heart J 
2020;41:1479–1486.

13. Löllgen H, Böckenhoff A, Knapp G. Physical activity and all-cause mortality: an 
updated meta-analysis with different intensity categories. Int J Sports Med 
2009;30:213–224.

14. Rijal A, Nielsen EE, Adhikari TB, Dhakal S, Maagaard M, Piri R, et al. Effects of 
adding exercise to usual care in patients with either hypertension, type 2 dia
betes or cardiovascular disease: a systematic review with meta-analysis and 
trial sequential analysis. Br J Sports Med 2023;57:930–939.

15. Hämäläinen RM, Breda J, Gomes FS, Gongal G, Khan W, Mendes R, et al. New 
global physical activity guidelines for a more active and healthier world: the 
WHO Regional Offices perspective. Br J Sports Med 2020;54:1449–1450.

16. Chandrabose M, Hadgraft N, Owen N, Mavoa S, Sugiyama T. Joint associations 
of neighbourhood walkability and greenery with walking among middle-aged 
and older adults: findings from diverse urban settings in Australia. Health 
Place 2024;89:103334.

17. Shan Z, Li Y, Baden MY, Bhupathiraju SN, Wang DD, Sun Q, et al. Association 
between healthy eating patterns and risk of cardiovascular disease. JAMA 
Intern Med 2020;180:1090–1100.

18. Nestel PJ, Mori TA. Dietary patterns, dietary nutrients and cardiovascular dis
ease. Rev Cardiovasc Med 2022;23:17.

19. Poelman M, Strak M, Schmitz O, Hoek G, Karssenberg D, Helbich M, et al. 
Relations between the residential fast-food environment and the individual 
risk of cardiovascular diseases in The Netherlands: a nationwide follow-up 
study. Eur J Prev Cardiol 2018;25:1397–1405.

20. World Health Organization. Nutrition for a Healthy Life – WHO 
Recommendations. Geneva: WHO; 2025.

21. Shen J, Wilmot KA, Ghasemzadeh N, Molloy DL, Burkman G, Mekonnen G, 
et al. Mediterranean dietary patterns and cardiovascular health. Annu Rev 
Nutr 2015;35:425–449.

22. Diab A, Dastmalchi LN, Gulati M, Michos ED. A heart-healthy diet for cardio
vascular disease prevention: where are we now? Vasc Health Risk Manag 2023; 
19:237–253.

23. Michou M, Panagiotakos DB, Costarelli V. Low health literacy and excess body 
weight: a systematic review. Cent Eur J Public Health 2018;26:234–241.

24. Ahmad AMR, Ajmal M, Malik ZI, Shah SHBU. Prevalence of nutritional literacy 
and associated factors among adult residents of marginalized community. 
Front Public Health 2025;13:1698201.

25. World Health Organization. WHO Report on the Global Tobacco Epidemic, 
2025: Warning About the Dangers of Tobacco. Geneva: WHO; 2025.

26. Rahman M, Alatiqi M, Al Jarallah M, Hussain MY, Monayem A, Panduranga P, 
et al. Cardiovascular effects of smoking and smoking cessation: a 2024 update. 
Glob Heart 2025;20:15.

27. Münzel T, Crea F, Rajagopalan S, Lüscher T. Nicotine and the cardiovascular 
system: unmasking a global public health threat. Eur Heart J 2025;47: 
1764–1781.

10                                                                                                                                                                                    C. Chrysohoou et al.
D

ow
nloaded from

 academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ag387/8747687 by East Anglia U

niversity user on 13 N
ovem

ber 2026



28. Zhang D, Liu Y, Cheng C, Wang Y, Xue Y, Li W, et al. Dose-related effect of 
secondhand smoke on cardiovascular disease in nonsmokers: systematic re
view and meta-analysis. Int J Hyg Environ Health 2020;228:113546.

29. Puvanesarajah S, Tsai J, Alexander DS, Tynan MA, Gentzke AS. Youth indoor 
and outdoor exposure to secondhand smoke and secondhand aerosol. Am J 
Prev Med 2022;63:532–541.

30. Repace JL. Secondhand smoke infiltration in multiunit housing: health effects 
and nicotine levels. Indoor Environ 2024;1:100013.

31. Kavousi M, Pisinger C, Barthelemy JC, De Smedt D, Koskinas K, Marques-Vidal 
P, et al. Electronic cigarettes and health with special focus on cardiovascular 
effects: position paper of the European Association of Preventive 
Cardiology (EAPC). Eur J Prev Cardiol 2021;28:1552–1566.

32. El Bouz M, Neto C, Mansuy T, Becher R, Valen H, Mariussen E, et al. Health 
hazards of E-cigarettes and heated tobacco products: a comprehensive ana
lysis of hazardous substances and regulatory gaps. Nicotine Tob Res 2026; 
28:710–719.

33. Münzel T, Sørensen M, Gori T, Schmidt FP, Rao X, Brook FR, et al. 
Environmental stressors and cardio-metabolic disease: part II-mechanistic in
sights. Eur Heart J 2017;38:557–564.

34. Liu M, Meijer P, Lam TM, Timmermans EJ, Grobbee DE, Beulens JWJ, et al. The 
built environment and cardiovascular disease: an umbrella review and 
meta-meta-analysis. Eur J Prev Cardiol 2023;30:1801–1827.

35. Münzel T, Gori T, Babisch W, Basner M. Cardiovascular effects of environmen
tal noise exposure. Eur Heart J 2014;35:829–836.

36. Tanwar V, Katapadi A, Adelstein JM, Grimmer JA, Wold LE. Cardiac patho
physiology in response to environmental stress: a current review. Curr Opin 
Physiol 2018;1:198–205.

37. Daiber A, Kröller-Schön S, Frenis K, Oelze M, Kalinovic S, Vujacic-Mirski K, 
et al. Environmental noise induces the release of stress hormones and inflam
matory signaling molecules leading to oxidative stress and vascular 
dysfunction-signatures of the internal exposome. Biofactors 2019;45: 
495–506.

38. Zijlema W, Cerin E, Cirach M, Bartoll X, Borrell C, Dadvand P, et al. Cities and 
mental health: the role of the built environment, and environmental and life
style factors in Barcelona. Environ Pollut 2024;346:123559.

39. Rückerl R, Greven S, Ljungman P, Aalto P, Antoniades C, Bellander T, et al. Air 
pollution and inflammation (interleukin-6, C-reactive protein, fibrinogen) in 
myocardial infarction survivors. Environ Health Perspect 2007;115: 
1072–1080.

40. Kondo MC, Jacoby SF, South EC. Does spending time outdoors reduce stress? 
A review of real-time stress response to outdoor environments. Health Place 
2018;51:136–150.

41. van den Bosch M, Ode Sang Å. Urban natural environments as nature-based 
solutions for improved public health—A systematic review of reviews. 
Environ Res 2017;158:373–384.

42. Malambo P, Kengne AP, De Villiers A, Lambert EV, Puoane T. Built environ
ment, selected risk factors and Major cardiovascular disease outcomes: a sys
tematic review. PLoS One 2016;11:e0166846.

43. Keith RJ, Hart JL, Bhatnagar A. Greenspaces and cardiovascular health. Circ 
Res 2024;134:1179–1196.

44. Flowerdew R, Manley DJ, Sabel CE. Neighbourhood effects on health: does it 
matter where you draw the boundaries? Soc Sci Med 2008;66:1241–1255.

45. Leslie E, Coffee N, Frank L, Owen N, Bauman A, Hugo G. Walkability of local 
communities: using geographic information systems to objectively assess rele
vant environmental attributes. Health Place 2007;13:111–122.

46. Barnett DW, Barnett A, Nathan A, Van Cauwenberg J, Cerin E. Council on 
Environment and Physical Activity (CEPA)— older adults working group. Built 
environmental correlates of older adults’ total physical activity and walking: a 
systematic review and meta-analysis. Int J Behav Nutr Phys Act 2017;14:103.

47. Elshahat S, O’Rorke M, Adlakha D. Built environment correlates of physical ac
tivity in low- and middle-income countries: a systematic review. PLoS One 
2020;15:e0230454.

48. Prince SA, Lancione S, Lang JJ, Amankwah N, de Groh M, Jaramillo Garcia A, 
et al. Examining the state, quality and strength of the evidence in the research 
on built environments and physical activity among adults: an overview of re
views from high income countries. Health Place 2022;77:102874.

49. Chandrabose M, Den Braver RN, Owen N, Sugiyama T, Hadgraft N. Built en
vironments and cardiovascular health: review and implications. J Cardiopulm 
Rehabil Prev 2022;42:416–422.

50. Lai KY, Webster C, Gallacher JE, Sarkar C. Associations of urban built environ
ment with cardiovascular risks and mortality: a systematic review. J Urban 
Health 2023;100:745–787.

51. Althoff T, Ivanovic B, King AC, Hicks JL, Delp SL, Leskovec J. Countrywide nat
ural experiment links built environment to physical activity. Nature 2025;645: 
407–413.

52. Lang JJ, Pinault L, Colley RC, Prince SA, Christidis T, Tjepkema M, et al. 
Neighbourhood walkability and mortality: findings from a 15-year follow-up 
of a nationally representative cohort of Canadian adults in urban areas. 
Environ Int 2022;161:107141.

53. Meijer P, Liu M, Lam TM, Koop Y, Pinho MGM, Vaartjes I, et al. Changes in 
neighbourhood walkability and incident CVD: a population-based cohort 
study of three million adults covering 24 years. Environ Res 2025;274:121367.

54. Kurasz A, Abohashem S, El-Bouri WK, Ortega-Martorell S, Olier I, Wijata A, 
et al. Air, noise, and light pollution and thromboembolic cardiovascular compli
cations: a TH scientific statement. Thromb Haemost. 
2026:10.1055/a-2820-4197.

55. Münzel T, Daiber A, Engelmann N, Röösli M, Kuntic M, Banks JL. Noise causes 
cardiovascular disease: it’s time to act. J Expo Sci Environ Epidemiol 2025;35: 
24–33.

56. Meijer P, Numans H, Lakerveld J. Associations between the neighbourhood 
food environment and cardiovascular disease: a systematic review. Eur J 
Prev Cardiol 2023;30:1840–1850.

57. Pitt E, Gallegos D, Comans T, Cameron C, Thornton L. Exploring the influence 
of local food environments on food behaviours: a systematic review of quali
tative literature. Public Health Nutr 2017;20:2395–2405.

58. Pinho MGM, Koop Y, Mackenbach JD, Lakerveld J, Simões M, Vermeulen R, 
et al. Time-varying exposure to food retailers and cardiovascular disease hos
pitalization and mortality in The Netherlands: a nationwide prospective cohort 
study. BMC Med 2024;22:427.

59. Abreu TC, Beulens JWJ, Heuvelman F, Schoonmade LJ, Mackenbach JD. 
Associations between dimensions of the social environment and cardiometa
bolic health outcomes: a systematic review and meta-analysis. BMJ Open 
2024;14:e079987.

60. Abreu TC, Mackenbach JD, Heuvelman F, Schoonmade LJ, Beulens JWJ. 
Associations between dimensions of the social environment and cardiometa
bolic risk factors: systematic review and meta-analysis. SSM Popul Health 
2023;25:101559.

61. Shanmugam H, Portincasa P, Di Ciaula A. What are we missing to gain the bat
tle against cardiovascular diseases? Eur Heart J 2024;45:5109–5111.

62. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al. 
2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. 
Eur Heart J 2021;42:3227–3337.

63. Koohsari MJ, McCormack GR, Nakaya T, Oka K. Neighbourhood built environ
ment and cardiovascular disease: knowledge and future directions. Nat Rev 
Cardiol 2020;17:261–263.

64. Høyer-Kruse J, Schmidt EB, Hansen AF, Pedersen MRL. The interplay between 
social environment and opportunities for physical activity within the built en
vironment: a scoping review. BMC Public Health 2024;24:2361.

65. Direito A, Carraça E, Rawstorn J, Whittaker R, Maddison R. mHealth technolo
gies to influence physical activity and sedentary behaviors: a systematic re
view and meta-analysis of randomized controlled trials. Ann Behav Med 
2017;51:226–239.

66. Neubeck L, Lowres N, Benjamin EJ, Freedman SB, Coorey G, Redfern J. The 
mobile revolution—using smartphone apps to prevent cardiovascular disease. 
Nat Rev Cardiol 2015;12:350–360.

67. Giles-Corti B, Vernez-Moudon A, Reis R, Turrell G, Dannenberg AL, Badland H, 
et al. City planning and population health: a global challenge. Lancet 2016;388: 
2912–2924.

68. Mueller N, Rojas-Rueda D, Khreis H, Cirach M, Andrés D, Ballester J, et al. 
Changing the urban design of cities for health: the superblock model. 
Environ Int 2020;134:105132.

69. Velásquez AR, Guevara M, Armengol JM, Rodríguez-Rey D, Mueller N, Cirach 
M, et al. Health impact assessment of urban and transport developments in 
Barcelona: a case study. Health Place 2025;91:103406.

70. Low STH, Sakhardande PG, Lai YF, Long ADS, Kaur-Gill S. Attitudes and per
ceptions toward healthcare technology adoption among older adults in 
Singapore: a qualitative study. Front Public Health 2021;9:588590.

71. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of 
lifestyle-focused text messaging on risk factor modification in patients with 
coronary heart disease: a randomized clinical trial. JAMA 2015;314: 
1255–1263.

72. Calderon Martinez E, Zachariah Saji S, Salazar Ore JV, Kumar A, Alonso 
Ramírez AC, Mohanty S, et al. Text messages as a tool to improve 

Building healthy living environment                                                                                                                                                            11
D

ow
nloaded from

 academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ag387/8747687 by East Anglia U

niversity user on 13 N
ovem

ber 2026



cardiovascular disease risk factors control: a systematic review and 
meta-analysis of randomized clinical trials. BMC Public Health 2025;25:1284.

73. Martin SS, Feldman DI, Blumenthal RS, Jones SR, Post WS, McKibben RA, et al. 
mActive: A randomized clinical trial of an automated mHealth intervention for 
physical activity promotion. J Am Heart Assoc 2015;4:e002239.

74. World Health Organization. Be He@lthy, Be Mobile. https://www.who.int/ 
initiatives/behealthy (31 May 2026).

75. König LM, Attig C, Franke T. Barriers to and facilitators for using nutrition 
apps: a mixed-methods approach. JMIR Mhealth Uhealth 2021;9:e27874.

76. Shao Y, Hou X, Peng Q, Hu M, Li C. A meta-synthesis of qualitative studies on 
cardiovascular disease patients’ experiences using digital health tools. Front 
Public Health 2025;13:1709562.

77. Cuevas-Chávez A, Hernández Y, Ortiz-Hernandez J, Sánchez-Jiménez E, 
Ochoa-Ruiz G, Pérez J, et al. A systematic review of machine learning and 
IoT applied to the prediction and monitoring of cardiovascular diseases. 
Healthcare (Basel) 2023;11:2240.

78. Lopez-Jimenez F, Attia Z, Arruda-Olson AM, Carter R, Chareonthaitawee P, 
Jouni H, et al. Artificial intelligence in cardiology: present and future. Mayo 
Clin Proc 2020;95:1015–1039.

79. Lüscher TF, Wenzl FA, D’Ascenzo F, Friedman PA, Antoniades C. Artificial in
telligence in cardiovascular medicine: clinical applications. Eur Heart J 2024;45: 
4291–4304.

80. VoPham T, Hart JE, Laden F, Chiang YY. Emerging trends in geospatial artificial 
intelligence (geoAI): potential applications for environmental epidemiology. 
Environ Health 2018;17:40.

81. Reichstein M, Benson V, Blunk J, Camps-Valls G, Creutzig F, Fearnley CJ, et al. 
Early warning of complex climate risk with integrated artificial intelligence. Nat 
Commun 2025;16:2564.

82. Marengo A, Pagano A, Santamato V. An efficient cardiovascular disease pre
diction model through AI-driven IoT technology. Comput Biol Med 2024;183: 
109330.

83. Oakley-Girvan I, Yunis R, Longmire M, Ouillon JS. What works best to engage 
participants in Mobile app interventions and e-health: a scoping review. 
Telemed J E Health 2022;28:768–780.

84. European Union takes action for the cardiovascular health of its 440 
million People. https://world-heart-federation.org/news/european-union- 

takes-action-for-the-cardiovascular-health-of-its-440-million-people/ (31 
May 2026).

85. European Commission. New Joint Action to reduce the burden of cardiovas
cular disease and diabetes. https://ec.europa.eu/newsroom/sante/news 
letter-archives/49312 (31 May 2026).

86. World Health Organization. Global Hearts Initiative. https://www.who.int/ 
initiatives/global-hearts-initiative (31 May 2026).

87. City Heartbeat Index. https://world-heart-federation.org/wp-content/ 
uploads/City-Heartbeat-Index__Findings-Report__August-2024.pdf (31 May 
2026).

88. Greenhalgh T, Wherton J, Papoutsi C, Lynch J, Hughes G, A’Court C, et al. 
Beyond adoption: a new framework for theorizing and evaluating nonadop
tion, abandonment, and challenges to the scale-up, spread, and sustainability 
of health and care technologies. J Med Internet Res 2017;19:e367.

89. Chamberlain RC, Fecht D, Davies B, Laverty AA. Health effects of low emission 
and congestion charging zones: a systematic review. Lancet Public Health 
2023;8:e559–e574.

90. Nieuwenhuijsen MJ. New urban models for sustainable, liveable and health
ier cities post covid19; reducing air pollution, noise, and heat island effects 
and increasing green space and physical activity. Environ Int 2021;157: 
106850.

91. Müller C, Paulsen L, Bucksch J, Wallmann-Sperlich B. Built and natural envir
onment correlates of physical activity of adults living in rural areas: a system
atic review. Int J Behav Nutr Phys Act 2024;21:52.

92. Sigala EG, Chrysohoou C, Barkas F, Liberopoulos E, Sfikakis PP, Faka A, et al. 
The interplay between sex, lifestyle factors and built environment on 
20-year cardiovascular disease incidence; the ATTICA study (2002-2022). 
Front Cardiovasc Med 2025;11:1467564.

93. Alahmad B, Khraishah H, Royé D, Vicedo-Cabrera AM, Guo Y, Papatheodorou 
SI, et al. Associations between extreme temperatures and cardiovascular 
cause-specific mortality: results from 27 countries. Circulation 2023;147: 
35–46.

94. Oh JI, Lee KJ, Hipp A. Food deserts exposure, density of fast-food restaurants, 
and park access: exploring the association of food and recreation environ
ments with obesity and diabetes using global and local regression models. 
PLoS One 2024;19:e0301121.

12                                                                                                                                                                                    C. Chrysohoou et al.
D

ow
nloaded from

 academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ag387/8747687 by East Anglia U

niversity user on 13 N
ovem

ber 2026

https://www.who.int/initiatives/behealthy
https://www.who.int/initiatives/behealthy
https://world-heart-federation.org/news/european-union-takes-action-for-the-cardiovascular-health-of-its-440-million-people/
https://world-heart-federation.org/news/european-union-takes-action-for-the-cardiovascular-health-of-its-440-million-people/
https://ec.europa.eu/newsroom/sante/newsletter-archives/49312
https://ec.europa.eu/newsroom/sante/newsletter-archives/49312
https://www.who.int/initiatives/global-hearts-initiative
https://www.who.int/initiatives/global-hearts-initiative
https://world-heart-federation.org/wp-content/uploads/City-Heartbeat-Index__Findings-Report__August-2024.pdf
https://world-heart-federation.org/wp-content/uploads/City-Heartbeat-Index__Findings-Report__August-2024.pdf

	Preventing cardiovascular disease within the built and living environments: an expert opinion
	Cardiovascular prevention; from the ‘stone age’ to the current era; the role of built and living environments
	Major environmental factors in relation to cardiovascular disease risk
	Climate change
	Lifestyle behaviours
	Stress
	Knowledge gaps

	Modifiable characteristics of built and living environments
	Health-friendly characteristics at macro area-level
	Shaping health-friendly built environment at micro-level
	Creating a health-friendly physicochemical environment
	Shaping a health-friendly food environment
	Social environment
	Integrating neighbourhood and healthcare system strategies for effective cardiovascular disease prevention
	Knowledge gaps

	Modern technology within the context of built and living environments
	The role of smart technology in promoting healthy behaviour
	Mobile health and digital literacy
	Internet of things
	Artificial intelligence and data analytics
	Knowledge gaps

	Policies and interventions at improving health status across European countries
	Action plans for CVD prevention in Europe
	Integrating measures at neighbourhood level into health-system actions
	Policies related to the built environment
	Knowledge gaps

	Conclusions; barriers, gaps, and opportunities
	Acknowledgements
	Author contributions
	Conflict of interest
	Data availability
	References


