@ ESC oo s ot oo 42,2022 2438 STATE OF THE ART REVIEW

European Society doi:10.1093/eurheartj/ehab235 Epidemiology and Prevention
of Cardiology

Heart healthy cities: genetics loads the gun but
the environment pulls the trigger

Thomas Miinzel 1’2*, Mette Sgrensen 3’4, Jos Lelieveld 5, Omar Hahad 1’2,
Sadeer Al-Kindié, Mark Nieuwenhuijsen7’8’9, Billie Giles-Corti ® '°,
Andreas Daiber @ "1, and Sanjay Rajagopalan ® °1

"Department of Cardiology, University Medical Center Mainz, Johannes Gutenberg University, Langenbeckstrasse 1, Mainz 55131, Germany; 2German Center for Cardiovascular
Research (DZHK), Partner Site Rhine-Main, Langenbeckstr. 1, 55131 Mainz, Germany ; 3Diet, Genes and Environment, Danish Cancer Society Research Center,
Strandboulevarden 49, DK-2100 Copenhagen, Denmark; *Department of Natural Science and Environment, Roskilde University, Universitetsvej 1, P.O. Box 260, DK-4000
Roskilde, Denmark; 5Atmospheric Chemistry Department, Max Planck Institute for Chemistry, Hahn-Meitner-Weg 1, 55128 Mainz, Germany; 6Harring‘l:on Heart and Vascular
Institute, University Hospitals Cleveland Medical Center and School of Medicine, 11100 Euclid Avenue, Cleveland, OH 44106, USA; “Institute for Global Health (ISGlobal),
Barcelona Biomedical Research Park (PRBB), Doctor Aiguader 88, 08003 Barcelona, Spain; BDepar‘tment of Experimental and Health Sciences, Universitat Pompeu Fabra (UPF),
PRBB building (Mar Campus) Doctor Aiguader 88, 08003 Barcelona, Spain; *CIBER Epidemiologia y Salud Publica (CIBERESP), Instituto de Salud Carlos Il C/ Monforte de Lemos
3-5. Pabellén 11. Planta 0 28029 Madrid, Spain; and %Center for Urban Research, RMIT University, 124 La Trobe Street, Melbourne VIC 3000, Australia

Received 19 January 2021; revised 9 March 2021; editorial decision 7 April 2021; accepted 7 April 2021; online publish-ahead-of-print 18 May 2021

The world’s population is estimated to reach 10 billion by 2050 and 75% of this population will live in cities. Two-third of the European
population already live in urban areas and this proportion continues to grow. Between 60% and 80% of the global energy use is consumed
by urban areas, with 70% of the greenhouse gas emissions produced within urban areas. The World Health Organization states that city
planning is now recognized as a critical part of a comprehensive solution to tackle adverse health outcomes. In the present review, we ad-
dress non-communicable diseases with a focus on cardiovascular disease and the urbanization process in relation to environmental risk
exposures including noise, air pollution, temperature, and outdoor light. The present review reports why heat islands develop in urban
areas, and how greening of cities can improve public health, and address climate concerns, sustainability, and liveability. In addition, we dis-
cuss urban planning, transport interventions, and novel technologies to assess external environmental exposures, e.g. using digital technol-
ogies, to promote heart healthy cities in the future. Lastly, we highlight new paradigms of integrative thinking such as the exposome and
planetary health, challenging the one-exposure-one-health-outcome association and expand our understanding of the totality of human en-
vironmental exposures.
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Introduction (WHO), ‘die too young—that is, between the ages of 30 and 70.”

Non-communicable diseases (NCDs) kill >38 million people each
year, accounting for nearly 70% of deaths globally mostly attributable
to cardiovascular disease (CVD), cancer, chronic respiratory disease,
diabetes, and other system disorders. Among the victims are >14 mil-
lion adults who in the words of the World Health Organization

Among NCDs, CVD accounts for the preponderant majority of
deaths. In the Global Burden of Disease (GBD) 2019 study, the num-
ber of CVD deaths steadily increased from 12.1 million (95% confi-
dence interval (Cl): 1.4-12.6 million) in 1990, reaching 18.6 million
(Cl: 17.1-19.7 million) in 2019.2 As depicted in Figure 1 in a mere
three decades of global mortality accounting, there has been a
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A Global burden of disease: shift from maternal/infectious
disease to NCD such as ischemic heart disease/stroke/diabetes

1990 2010

B Leading causes of death
by NCD categories

Others

2030 (projected) 2016

Figure | Global burden of disease and non-communicable disease. (A) The proportional distribution of global deaths attributable to communic-
able diseases, non-communicable diseases, and injuries for 1990, 2010, and projected for 2030. Graphs generated from previous data.** (B) Global
World Health Organization status report on non-communicable diseases 2016 estimating the leading causes of death by different categories of non-
communicable diseases. The category ‘Others’ comprises neurodegenerative and other neurological disease, musculoskeletal diseases, congenital
anomalies, digestive disorders, endocrine/blood/immune disorders, genitourinary diseases, and other categories of orphan disease. CD, communic-
able disease; NCD, non-communicable disease; CVD, cardiovascular disease; RD, respiratory disease. Graphs generated from previous data’

seismic shift from maternal, infectious diseases to NCDs, where
CVD and diabetes predominate. Of note, the projection for 2030
does not consider the impact of COVID-19 pandemic. Despite the
acute awareness paid to the growing health and economic conse-
quences of NCDs, the substantial contribution of NCDs is generally
not sufficiently acknowledged. This is surprising since in GBD publica-
tions, ambient air pollution consistently ranks within the top five
causes of global mortality (rank number 4 in GBD 2019); a ranking
that has not changed much over the years.2 Environmental research,
prevention, and treatment as it pertains to the development of
NCDs are currently substantially underfunded.® This is especially
glaring, as the environment is a key facilitator of NCDs in general.
Although ‘creating active environments’ is a priority for the WHO as
articulated in its Global Action Plan on Physical Activity,” the WHO
Urban Health agenda,® WHO NCD Global Action Plan" and the re-
port ‘Tackling NCDs” fail to adequately acknowledge the contribu-
tion of the environment to NCDs. Furthermore, the United Nations
sustainable development goals (SDGs) have not been sufficiently
incorporated the importance of appropriate and healthy urban devel-
opment in cities."® However, it should be noted that the SDGs track
death from CVD, cancer, diabetes, and chronic respiratory diseases
only in individuals aged 30-70years and does not take into account
the impact in children and adolescents and/or the contribution of
chronic disease triggered by air pollution and other environmental
factors."!

While cities have been an engine of innovation and wealth, they
are also a source of pollution and disease. Between 60% and 80% of
the global energy use is consumed by urban areas, with 70% of the
greenhouse gas (GHG) emissions produced within urban areas.?
Two-third of the European population currently live in urban areas,
and this share is expected to grow. Large parts of Asia are rapidly
transforming to mega-cities. This unprecedented increase in urban
populations has dramatically escalated the scale and scope of

complex urban exposures (Figure 2). Recently, Giles-Corti et al'®
defined environmental, social, and behavioural risk exposures related
to urban and transport planning and design decisions, which have the
potential to affect the risk of NCDs significantly. These exposures in-
clude traffic exposure, noise, air pollution, safety from crime, social
isolation, physical inactivity, prolonged sitting, and unhealthy diet.
Given that urban environments are a key aggregator of a number of
environmental exposures such as air pollution, chemical toxins, noise
pollution, psychosocial, and economic stressors, there is a substantial
need to focus health efforts in reducing urban exposures.

With the present review we wish to focus on urbanization, its im-
pact on cardiovascular NCDs, and the role that environmental risk
exposures including noise, air pollution, temperature, and ambient
light play in relation to the urban environment. We will address solu-
tions to mitigate exposures pertinent to the urban environment such
as urban planning, landscape reform, transport interventions, and fi-
nally novel technologies to address environmental exposures, which
together will promote heart healthy behaviours and mitigate risk.
Lastly, we will discuss new paradigms of thinking including the expo-
some, helping us to move away from simplistic paradigms of the ‘one-
exposure-one-health-outcome’  association towards totality of
human environmental exposures and human health.

Urbanization and air pollution

Air pollution constituents

Air pollution is the leading environmental risk factor for global
health and the fourth largest risk factor for global mortality.” A
large proportion of these deaths (>50%) are attributable to cardio-
vascular causes.'® Consistent associations between both short-
term exposure in >652 cities across the world and cardiovascular
mortality have been noted."” Air pollution is a complex mixture of
nano- to micro-sized particles and gaseous pollutants. Particulate
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Figure 2 Sources of air pollution in cities and contribution of sources to PM, s air pollution. PM, particulate matter (e.g. PM, s and PMqo with a
diameter of <2.5 or 10 pm); UFP, ultrafine particles (diameter usually <0.1 pm); BC, black carbon; SO, sulphur dioxide; NO,, nitrogen oxides (e.g. ni-
tric oxide, nitrogen dioxide). Adapted from previous report with permission.14

matter of various size ranges (PMqo, PMys, PMqo.25 [coarse and
fine particles <10 or 2.5 um], and PMg 4 [ultrafine particles, UFP])
and gaseous pollutants (NO,, SO,, CO, and Os) are some of the
important pollutants in the urban environment.”® A limitation of
the present work is that we exclusively discuss ambient (outdoor)
air pollution, although people spend an appreciable part of their
daily life indoors in their private homes and the work place.
Accordingly, indoor air pollution represents an equally important
risk factor, as highlighted by the GBD study with household air

pollution (mainly from heating and cooking) ranking among the top
10 risk factors for global mortality and morbidity."” Likewise, in-
door source emissions from unexpected sources such as laser
printers may contribute to respiratory and cardiovascular NCDs
at the work place or recently in home office.”°

Air pollution sources
Air pollution in mega-cities is attributable to a wide variety of mostly
anthropogenic sources. These include: (i) mobile sources such as
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cars, commercial vehicles, motorcycles and three-wheelers in devel-
oping countries, and non-vehicular traffic including shipping in coastal
cities, airplanes, construction and agricultural equipment; (i) station-
ary power sources such as factories, refineries, and power plants; and
(iii) area sources such as industrial and commercial businesses, waste-
water treatment and solid waste disposal plants, landfills, residential
heating/cooling and fuel use, construction activities, mining opera-
tions, and agricultural activities. Natural (biogenic) sources include
windblown soils, ocean salt spray, volcanoes, forest, and grassland.”’
Transport emissions are by far the largest contributor to air pollution
in cities around the world. In a global source apportionment review
that examined 419 records from cities of 51 countries, 25% of urban
ambient air pollution from PM, s was contributed by traffic, 15% by
industrial activities, 20% by domestic fuel burning, 22% from unspeci-
fied sources of human origin, and 18% from natural dust and salt
(Figure 2)."* Domestic fuel burning continues to be a significant
source in some regions like Africa and Central and Eastern Europe.
Biomass burning could be a large source of primary organic aerosols
(POA) and could be a dominant source of black carbon. Biomass
sources such as burning of crop residue (e.g. in cities in India such as
New Delhi), residential wood burning for cooking and heating (e.g. in
many cities in Africa), and biofuel for brick production may dominate
air pollution levels in many cities in the world. Other sources that are
important contributors to emissions include fireworks to celebrate
New Year’s Day, Diwali in India, and Spring Festival in China, as well
as national holidays such as 4th of July in the USA and Bastille Day in
France. Among natural sources, desert dust, pollen, and salt emission
from agricultural use, especially PM, s from wildfires and volcano
eruptions, may significantly contribute to PM levels and have been a
concern with global warming.

Impact of sources on air pollution

composition and particle ‘loading’

The sources of PM, 5 have a substantial impact on its compos-
ition and health effects of PM 5. In this regard, urban PM, 5 dif-
fers substantially from rural or sub-urban PM,s in its
composition. A substantial fraction of urban PM is comprised of
organic aerosol (OA), which is composed of POA (organic
compounds emitted directly in the particle phase) and second-
ary OA (SOA, formed from chemical reactions of precursor or-
ganic gases). In a recent study, at least in Europe, while
secondary inorganic components, crustal material and SOA
dominated the PM; s mass, the oxidative potential was associ-
ated mostly with anthropogenic sources, in particular with fine-
mode SOA, from residential biomass burning and coarse-mode
metals from vehicular non-exhaust emissions.?? Thus, mitiga-
tion strategies aimed at reducing PM; s mass alone may not suf-
fice to reduce health complications with additional attention
paid to specific urban sources. In addition to PM, s, urban envi-
ronments demonstrate huge gradients in UFP (particles with
diameter <0.1 um) produced predominantly from vehicular ex-
haust. These particles have both longer lifetimes, a higher prob-
ability of systemic effects and are increasingly acknowledged as
a major health concern.?® Recent evidence suggests that nano-
particles and transition metals, which are also associated with
fossil fuel combustion, may play an important role in CVD.

Despite substantial reductions in ambient PM, 5 concentrations
in North America and Europe, levels remain high throughout
most of the world. Global annual average population weighted
PM,s levels increased slightly from 40.8 ug/m?® in 1990 to
42.6 ug/m?® in 2019, with this increase almost entirely attribut-
able to urbanization and increasing exposures in Asia, parts of
the Middle East, and Africa. In the European Union (EU), air pol-
lution-induced premature mortality is about 659 000 [95% ClI
537 000775 00] per year or even higher (790 000),"® of which
approximately two-third are due to cardiovascular events,
mainly ischaemic heart disease, stroke, diabetes, and arterial
hypertension.

Projection model for air pollution by
urbanization, population/economic
growth

To assess the impact of different scenarios of exposure to air pollu-
tion in the urban population, a Shared Socioeconomic Pathway (SSP)
model has been developed.** The contribution of emerging urbaniza-
tion to exposure and premature mortality was estimated in this
model assuming constant air pollution emissions representative of
the year 2010 and population projections, combined with the health
impact data from Lelieveld et al'® Global calculations were per-
formed at 1km spatial resolution and then aggregated to country
level. Four scenarios were compared: one that aimed at sustainability
with environmentally friendly urban arrangements (SSP1), a ‘middle-
of-the-road’ pathway with moderate urbanization (SSP2), a poor
urban planning scenario (SSP3), and finally one with fast urbanization
under rapid economic growth (SSP5). Figure 3A%* presents the global
population projections in urban areas under these four scenarios,
and the fraction of the population exposed to PM,s, in excess of the
WHO guideline concentration of 10 pug/m® annually. The projected
population fractions exposed to degraded air quality in this model
was 82-85%, representing about 7-8.5 billion people by 2050.

Figure 3B shows the consequences of urbanization on premature
mortality from the exposure to PM, s, again assuming unchanged air
pollution sources vs. the assumed hypothetical SSPs. Under all scen-
arios, premature mortality increases significantly following popula-
tion development, while the projected urban fraction also grew but
varied between 56% and 80% depending on SSP. Although such
estimates will require considerable refinement based on emission
projections, baseline mortality, population age structure, socioeco-
nomic determinants of health, access to health services, etc., it none-
theless provides a framework to develop refined and evolving
metrics to model scenarios. Baseline mortality for instance typically
changes with societal development. Improved economic indices and
access to healthcare is expected to shift mortality from communic-
able diseases to NCDs especially due to environmental risk fac-
tors.”® In the coming decades, urbanization in low- and middle-
income countries, especially in Africa and South Asia, is going to
drive urbanization trends globally (Figure 3C). While this will un-
doubtedly create an unprecedented stress in urban environments, it
will hopefully provide a fertile environment to model next gener-
ation zero carbon foot print cities replete with renewable energy
sources, improved infrastructure, transportation, and urban land-
scape reform. These changes are not expected to happen overnight,
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Figure 3 Projections for population growth, urbanization, and their health impact. (A) Global population in the year 2010 and projections for 2050
according to four shared socioeconomic pathway (SSP) models, and percentages exposed to unhealthy levels of PM, s (exceeding the World Health
Organization guideline of 10 pig/m?), assuming that air pollution remains at the levels of 2010. (B) Global, annual premature mortality from the expos-
ure to PM, s, assuming 2010 emissions and population developments according to four SPPs. The error bars indicate 95% confidence intervals. (C)
Fractional change in urban population per country between 2010 and 2050 according to the ‘middle-of-the-road’ scenario SSP2. Graphs generated

from data and using methods previously published.'®*

thus compelling a focus on personalized measures in the near-term,
including use of N95 face masks, indoor air filtration devices, and
common-sense pragmatic measures such as avoiding travel to heav-
ily polluted environments, adoption of heart healthy behaviours
such as exercise and adherence to healthy diets.2®

Urbanization and transportation
noise

Urbanization and traffic growth have resulted in an increase in people
exposed to high levels of transportation noise. The dominant source

of noise is road traffic, although trains, trams, and aircrafts also con-
tribute to urban noise pollution. A recent mapping of the EU esti-
mated that at least 20% of the population lives in areas where
transportation noise is harmful to health (>55 decibel Lgen); the ma-
jority of these are within urban areas (Figure 4).2” As the EU mapping
does not comprehensively cover urban areas, this proportion is most
likely underestimated.?’”

Exposure to transportation noise may affect the risk for cardiome-
tabolic disease through an indirect pathway, with cognitive and emo-
tional perception of noise, followed by activation of the sympathetic-
adrenal-medullary,  hypothalamic-pituitary-adrenal  axes, and

1202 AInF 0 uo Jesn WHISNI Ad £80€.29/2Zv2/Se/y/o10Me/lueayins/wod dno-dlwapese//:sdpy woly papeojumoq



2428

T. Minzel et al.

Number of people exposed to various L, noise bands based on areas covered by strategic noise maps in 2017

Inside urban areas Qutside urban areas
Road Rail Air Industry Road Rail Air
= 30m-
=
S
E
(aa]
=]
] é
g 20m- | Reported
_# M Estimated
g
2
g
=}
=
g 10m
(-5
@
53
=
=
2
E
2
2 - -
‘?‘?@s‘&@g«‘m@ ‘;4«9@9@9&«5_“@ «ﬁ@"‘@’g’«@hwﬁ @«9&@@@@ @@é&@@‘ﬁ«ﬁ,ﬁ "?’qy‘;'g@ el §®§&#@@\‘1¢
L, (dB)

Figure 4 Noise exposure of the population. Number of people exposed to various Lge, noise bands based on areas covered by strategic noise
maps in 2017, EEA-33 [Lgen: Noise level based on energy equivalent noise level (Leq) over a whole day with a penalty of 10 dB(A) for night time noise

(23.00-7.00) and an additional penalty of 5 dB(A) for evening noise (i.e. 19.00-23.00)]. Graph generated from previous data with permission.

disturbance of sleep, resulting in an increased level of stress hor-
mones, heart rate, and blood pr‘essure.zg_30 Repeated and sustained
activation of this pathway may increase risk for cardiometabolic dis-
ease. Exposure to noise during sleep is hypothesized to be particular-
ly harmful,®" supported by translational studies, which have found
nighttime exposure to transportation noise to be associated with car-
diovascular risk factors, including vascular oxidative stress, endothe-
lial dysfunction, and inflammatory markers.>>3* In 2018, a WHO
expert group concluded that road traffic noise increases the risk for
with subsequent epidemiological studies
suggesting that transportation noise may also increase risk for stroke,
obesity, and diabetes. >

The European Environment Agency recently estimated that long-
term exposure to transportation noise results in 6.5 million people
suffering from chronic high sleep disturbance, 12 000 premature
deaths, and 48 000 new cases of ischaemic heart disease per year in

ischaemic heart disease®

the EU.%” Importantly, if future studies confirm the observed associ-
ation between transportation noise and stroke and diabetes, the esti-
mated disease burden from transportation noise will increase
significantly.

Only few studies have investigated associations between transpor-
tation noise and CVD risk in urban vs. sub-urban and rural areas. A
nationwide study from Switzerland investigating the effects of road

27

traffic noise on myocardial infarction mortality found risk estimates in
sub-urban areas to be higher than risk estimates in urban areas.*?
Interestingly, this pattern was more pronounced for noise at the least
exposed fagade (where people would normally place their bedroom)
compared to noise at the most exposed fagade. A potential explan-
ation is masking of the association between transportation noise and
myocardial infarction mortality by other surrounding noise sources,
such as noise from neighbours, bars, and restaurants, which are ubi-
quitous in urban areas. Therefore, future studies aiming at estimating
and disentangling both community and transportation noise are
important.

Noise mitigation measures for urban settings include promotion
of noise barriers, brake blocks for trains, continuous descendent ap-
proach (landing aircrafts descend later from 7000 to 3000 ft when
approaching an airport, thereby decreasing noise exposure levels to
housings around the airport) for airplanes, traffic curfews, low-noise
tires, speed reductions, night bans for heavy traffic, trains and air-
planes, quiet road surfaces, and thoughtful building design, e.g. by in-
stallation of soundproof double-glassed windows.”’
road traffic intensity will only reduce noise levels slightly: as the deci-
bel scale is logarithmic, a 50% reduction in traffic will only result in a
3-dB noise reduction. Moreover, introduction of electric cars will
not contribute significantly to reduce noise, as the interaction

Reductions in
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between the tires and the tarmac is the dominant source of noise at
medium and high speeds (>30-40 km/h).** In addition to these up-
stream interventions, noise health effects can also be mitigated at
the individual level by using ear plugs or noise-cancelling
headphones.

Urbanization and outdoor light
pollution

Light pollution is a ubiquitous environmental risk factor, defined by the
changes in natural nighttime sky brightness induced by anthropogenic

sources of light,****

which is most evident in big cities and large
metropolitan areas. However, urban light pollution can also affect
distant areas such as national parks, hundreds of kilometres from its
source. Falchi et al** reported that 83% of the world’s population
and >99% of the US and European populations live under light-pol-
luted skies (>14 pcd/m? artificial nighttime sky illumination). In his re-
view article, ‘Missing the Dark: Health Effects of Light Pollution’ in
2009, Chepesiuk* provides a compelling overview of electrified illu-
mination at night supplemented by worrisome satellite images of
evolution of light pollution in the USA starting in the 1950s, and end-
ing with a projection for the year 2025, where he details a potential
large impact of light pollution on NCDs.

Despite these alarming data, light pollution has only gained limited
attention from environmental scientists until recently. Light pollution
alters circadian rhythm of insects, animals, and birds causing prema-
ture mortality and loss of biodiversity. Misalignment in circadian
rhythm is thought to be an important contributor to NCD.*—*
Mutations/altered expression of key circadian genes can cause obes-
ity, hyperglycaemia, and defective beta-cell function leading to dis-
ease.”®>? Circadian preference and indeed sleep components and
habits also referred to chronotype have been shown to have genetic
components and indeed have been linked with metabolic complica-
tions such as obesity.53’58 A moderate increase in systolic and dia-
stolic blood pressure by 4.3 and 3.0 mmHg, respectively, has been
noted for a 5-Ix increase (1 Ix =1 lumen/m? 1 lumen is equivalent to
~0.1 W (bulb) or 0.01 W (LED)) in outdoor nighttime light pollution
in elderly Japanese subjects.>® A large body of evidence also supports
a link between circadian rhythm disruption and insulin resistance and
type 2 diabetes mellitus.®**

An association between outdoor nocturnal light pollution and
risk of coronary heart disease (CHD) and mortality has been noted
in the elderly.%® Sun et al. demonstrated that nocturnal light pollu-
tion (change of 60.0 nW/cm?/s; units of radiance = watt per ster-
adian per square metre. Outdoor illumination at night was obtained
from satellite data with a precision of 1 km?) was associated with
increased risk of CHD hospitalizations (hazard ratio of 1.11; 95% ClI
1.03-1.18) and CHD deaths (hazard ratio 1.10; 95% CI 1.00-1.22),
even after multivariable adjustment. Moreover, sensitivity analyses
indicated that these associations were stable. Importantly, high
PM, s exposure levels showed an additive interaction with CHD
mortality in the highest light pollution quintiles (hazard ratio 1.32
and 1.39, respectively) (Figure 5).°° In a recent comparative mechan-
istic study, both light exposure and chronic PM, 5 exposure were ef-
fective in inducing hyperinsulinaemia, brown adipose tissue
dysfunction, and metabolic abnormalities such as reduced oxygen

consumption and energy expenditure. These phenotypic changes
were associated with reprogramming of multiple pathways involved
in lipid oxidation and gluconeogenesis, all without changes in body
weight or visceral adipose deposition.”® Both light and air pollution
exposure, however, induced distinct epigenetic changes accompa-
nied by their own unique pattern of circadian gene disruption.”

The simplest mitigation measure to reduce light pollution is to turn
off lights, especially in times when it may not be needed.** Other
mitigation strategies are based on the technical advances to reduce
light pollution‘“"71
rather to the ground than to the horizon or outside the area to be

and comprise improved light shielding (sending light

lit), energy-efficient lights (use of low-pressure sodium lights emitting
yellow light at the wavelength with the highest sensitivity of the
human eye), and smart city techniques (e.g. sensor-controlled light
shut-off when the area is not in use or adaption to meteorological
conditions). Limiting the exposure to ‘blue’ light [light-emitting diodes
have peak emission in the blue light range of 400490 nm with more
pronounced health effects (e.g. on circadian rhythm)] is of importance
as it is more impactful in disrupting circadian rhythm.”" In the future,
autonomous cars may make street illumination at night less import-
ant. Also, the safety aspects of nocturnal illumination of public metro-
politan areas (e.g. preventing crimes) is not well supported by
scientific studies, and it has been speculated that investing the money
divined by turning of lights for actively solving socioeconomic prob-
lems may be much more effective in making metropolitan areas pseu-
dosafe.* Finally, resetting the circadian clock by chronotherapeutic
strategies (e.g. melatonin) may represent an approach to combat
sleep disorders’ not only for light pollution but also for traffic noise

at night®" and even air pollution.”>”*

Urbanization, temperature, heat
islands, and green space

While cities facilitate economic prosperity and innovation as noted
earlier, they also generate 70% of GHG emissions contributing to an-
thropogenic climate change.”> Atmospheric concentrations of GHG
emissions are rising, with carbon dioxide (the major GHG) reaching
411 ppm, the highest it has been in the past 800 000years.”® The
2018 Intergovernmental Panel on Climate Change has projected glo-
bal temperatures rising by 1.5°C between 2030 and 2052 causing
cataclysmic weather events.”® These events will have both direct and
indirect effects on human health with storms, drought, flood, and
heatwaves affecting water quality, air pollution, land use changes, and
pervasive damage to the eco-system.”””’? Climate events are rele-
vant to rapidly urbanizing cities, as cities are at the epicentre for cli-
mate-induced disruptions while also contributing to increased GHG
emissions. This is already apparent with cities experiencing trillions of
dollars in costs related to destruction of infrastructure, health-related

emergencies and increased mortality related to climatic events.”””®

Dense compact urban development in new or established areas®
to accommodate rapidly growing urban populations is typically
accompanied by increasing amounts of impervious surfaces and sig-
nificant loss of green space and tree canopy,?®" leading to significant
heat island effects. For example, in Hong Kong, intense heat island
effects up to 4°C have been observed with adverse human health

and biodiversity effects.®*
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Figure 5 Co-localization of environmental pollutants. (A) Light pollution in the USA in the year 1997. Calculated according to Cinzano in ‘Light
Pollution: The Global View’ (edited by H.E. Schwarz) and reused with permission by P. Cinzano, F. Falchi, C.D. Elvidge. VC 2001 ISTIL-Light Pollution
Science and Technology Institute, Italy. Distribution of air pollution (B) and noise exposure levels (C) show a co-localization with light pollution in the
USA. Air pollution map reused from previous data.®® © 2019 Khan et al. under the Creative Commons Attribution License. Noise pollution map was
qualitatively approximated from United States Department of Transportation, Bureau of Transportation Statistics (https://maps.dot.gov/BTS/
NationalTransportationNoiseMap/ (Date accessed 19 April 2021)). Red colour = areas with higher noise exposure. Orange colour = noise exposure
hot spots. (D) Hazard ratio for light pollution-mediated cardiovascular mortality. High particulate matter caused additive risk effects for coronary
heart disease death. Graph was generated from previous tabular data.®® (E) Hazard ratio for long-term air pollution-mediated cardiovascular mortal-
ity. Graph was generated from previous tabular data: upper three values,” values 46 from top,°® and bottom value.®” (F) Hazard ratio for long-term
noise pollution-mediated ischaemic heart disease. Graph was generated from previous tabular data.>® All tabular data used with permission. REF, ref-
erence value; CVD, cardiovascular disease; CEV, cerebrovascular; IHD, ischemic heart disease; HT, hypertension; HF, heart failure.

However, rising temperatures and heat island effects are also rele-
vant to Europe. Following a spike in heat-related deaths in older
adults during a 2003 heatwave in France, a case—control study found
that urban design features that serve as risk factors for mortality in-
clude higher surface temperature within a 200-m radius of the home,
while vegetation within 200m was protective.®®> Apartment design
features found to be important included lack of thermal insulation in
dwelling units, living on the top floor of apartment buildings, the

number of windows per 50m? prolonged sunlight exposure into
bedrooms, and keeping windows open throughout the afternoon.
Conversely, the use of cooling devices such as air conditioners was
found to be protective. The findings of this study suggested that heat-
related deaths could be avoided if urban vegetative cover was
increased around buildings, buildings insulation improved, and more
reflective (and less absorbent) roofing materials used. Another
European study of spatial variation in heat island effects found that
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traditionally cooler northern cities were more at risk than southern
cities, which had adapted to living in warmer climates.®*

Protecting and growing tree canopy, increasing access to green
space, and carefully planned urban greening along wind corridors are
critical to increasing urban cooling and enhancing the microclimates
of high-density cities.2*®> However, urban greening not only provides
important eco-system services in the face of a changing climate but
access to green spaces may also enhance physical, mental, and com-
munity health.5 Exposure to green space is associated with increased
physical activity and enhances mental health and social capital. A re-
cent systematic review and meta-analysis of longitudinal studies found
a significantly decreased risk in all-cause mortality for those exposed
to areas with more green space, objectively measured using a nor-
malized difference vegetation index.®® The authors concluded that
increasing access to green space was a strategic public health inter-
vention providing co-benefits for health and the environment. A re-
cent study in Philadelphia showed that increasing tree canopy cover
from 20% to 30% in the city could prevent >400 premature deaths
annually with poorer neighbourhoods benefitting most.®”

Urban and transport planning and
design interventions to create
compact cities that enhance
health and wellbeing

In addition to urbanization and rapid population growth, cities in
the 21st century are confronting unparalleled challenges, including
traffic congestion, air and noise pollution, climate change, lack of
green space, heat islands, growing social inequity, and rising
chronic disease. Hence, their future success will be shaped by
decisions about how to accommodate the needs of growing
urban populations. Transitioning to cities that promote local living
and active and sustainable mobility is increasingly recognized as
providing co-benefits for health and the environment by creating
more sustainable and liveable cities.®®%”

There is now a vast body of evidence showing that city planning
decisions affect multiple NCD pathways, not least of which is via
increased physical activity through active transportation.””® A growing
body of longitudinal evidence shows that urban sprawl and low walk-
ability negatively affects cardiometabolic risk factors,”" while expos-
ure to green space has been shown to lower all-cause mortality.2®

Urban planning and transport planning academics have long
sought to understand how city and transport planning can be used
to reduce motor vehicle kilometres travelled and encouraging public
transport and active transportation such as walking and cycling.
They identify five key built-form characteristics referred to as the
5Ds” including density, design, diversity of land use, distance to
transit, design, and destination accessibility. Recently, these were
expanded to the 8Ds to include demand management (e.g. the cost
and availability of parking and road usage and congestion charging),
the distribution of employment across a city affecting time spent
commuting, and desirability (personal and traffic safety and attract-
iveness); and desirability (personal and traffic safety; the attractive-
ness of streetscapes and level of comfort to use public transport)
with additional consideration of both local and regional planning.'

These city and transport planning interventions affect how people
use and move around the city and impact whether using an active
mode is possible and/or desirable.

Transport mode choices ultimately determine environmental risk
exposures generated in a city (i.e. the amount of traffic, noise, air
pollution) and people’s levels of physical activity and stress. This in
turn appears to determine morbidity and premature mortality. For
example, building cities for cars and planning low density urban
sprawl housing developments increases car use, traffic, traffic con-
gestion, air pollution, and noise, which in turn increases stress, road
trauma, physical inactivity, and prolonged sitting, leading to increased
morbidity and premature mortality.”> Conversely, building more
compact cities with high-quality public transport, bike-sharing sys-
tems, safe separated cycling infrastructure, and creating safe, conviv-
ial walkable neighbourhoods will provide access to local destinations
and pedestrian infrastructure. This will not only increase bicycle use
and walking, physical activity, as well as social contacts but also re-
duce air pollution, noise, stress, and road trauma, leading to
decreased morbidity and premature mortali'cy.g‘h95 The introduction
of hybrid mobility solutions such as e-bike is clearly a trend, allowing
one to easily cycle twice as far compared to a classic bike and to ar-
rive without sweating. The speed pedelec (a fast electric bike that
can reach up to 45 km/h) can enable a smooth connection between
the countryside and the city.”® However, as the popularity of e-bikes
and e-scooters grows, providing safe and accessible infrastructure
with rules about who, where and under what conditions people can
ride, is vital to preventable road trauma.”*%”

Notably, ~20% of mortality could be prevented annually if inter-
national recommendations for physical activity, reduction in expos-
ure to air pollution, noise and heat, and improved access to green
space were followed.”®

New urban models

A number of new urban concepts are being introduced in various cit-
ies that address the above described problems to some degree, e.g.
the Compact city, Superblocks, 15-min city, Car-free city, or a mix-
ture of these. What these models have in common is that they aim to
reduce private car use and increase public and active transportation
(walking and cycling) and thereby reduce air pollution, noise, and
heat island effects and increase physical activity and thereby promote
the health of the heart.”> Cars take up a lot of public space [(road)
network and parking] that can be used in a better way, for example
by creating green space. In a city like Barcelona, 60% of public space is
used for cars while cars account for only 25% of transport mode.®’
Also, the shorter distance between homes and destinations in the
Compact or 15-min city will encourage walking, cycling, and physical

activity while reducing CO, emissions.®’

The Compact city

Compact cities (Figure 6A) are cities with higher density, shorter
travel distances, higher foliage, and biodiversity. Compared with low
density sprawling cities, their CO, emissions are lower and they are
healthier because of increased greenery, increased land use mix, and
active transportation opportunities. Making cities 30% more compact
and thereby increasing density and land use, reducing travel distances,

1202 AInr 0 uo Jesn WHISNI Aq £80€.229/2212/S2/Z /o101 e/[uesyna/wod dno-olwapede//:sdjy Wwolj papeojumoq



2432

T. Minzel et al.

COMPACTNESS

Baseline situation

Superblocks model

Figure 6 Modern city construction. (A) lllustration of the terms density, distance, and diversity as applied in the compact cities model. Redrawn
from previous report with permission.”® (B) Traffic flows before and after the Superblock implementation in Barcelona. Reused from previous report

with permission.®’

increasing public and active transportation could avoid around 400
800 disability-adjusted life years per 100 000 people with respect to
diabetes, CVD, and respiratory disease annually depending on the
type of city.”* Sprawled cities like Boston and Melbourne, where the
transport mode share of cars is 80.1% and 85.1%, respectively, can
hope to improve health by changes in land use and transport mode,
developing walking and cycling infrastructure enhancing vegetation
through policies to reduce sprawl and promote higher densities. This
will be a long process but necessary for a sustainable and health
future.

The Superblocks

Over 500 superblocks (Figure 6B) are planned in Barcelona, which re-
duce motorized traffic in some streets of a block and provide space
for people, active travel, and green environs. This will reduce air pol-
lution, noise heat island effects and increase green space and physical
activity, thereby theoretically preventing nearly 700 premature
deaths each year in Barcelona.”® The largest number of deaths pre-
vented come from a reduction in air pollution, followed by noise,
heat island effects, and then green space. Similar principles are being
applied in low traffic neighbourhoods.'® The Superblock model can
be implemented fairly easily in urban areas with a grid system and suf-
ficient population and facility densities. Particularly in warmer cli-
mates, the greening of the area can considerably reduce
temperatures, thereby limiting premature mortality. Initially, imple-
mentation of a Superblock in the Poblenou neighbourhood of
Barcelona was met with considerable resistance from the local popu-
lation, but later developments like the neighbourhoods of Sant
Antoni and Horta are better received after improved consultation
with the local population. A further expansion plan is currently under

evaluation.”’

The 15-min city
Paris is introducing the 15-min city, the brain child of Carlos Moreno,
where work, school, entertainment, and other activities are

reachable within a 15-min walk of the home."®'® The 15-min city
involves the creation of a city of villages and a return to more trad-
itional city design. The envisaged new trees and cycleways, commu-
nity facilities and social housing, homes, and workplaces all reflect a
potentially transformative vision for urban planning and is a concept
being discussed by governments globally including in Australia (i.e.
the 20-min neighbourhood). It will require a fairly radical rethink of
our contemporary cities and a mixing of different population groups
rather than the distribution of housing by socioeconomic status. The
15-min city will encourage more physical activity through more active
transport and is likely to reduce urban inequalities and health inequi-
ties."®* Critically, it will also reduce the need for long distance travel
and thereby reduce CO, emissions, air pollution, and noise levels.
The 15-minute city calls for a return to a more local and somewhat
slower way of life, where commuting time is instead invested in richer
local relationships. The COVID-19 pandemic has only accelerated
this development in many cities in Europe.

The car-free city

Hamburg plans to be car free by 2034, partly to address the climate
crisis. Car-free cities reduce unnecessary private motorized traffic,
provide easy access to active and public transportation, reduce air
pollution and noise, increase physical activity, and access to green
space.w5 A successful example is Vauban in Freiburg, Germany,
which is a neighbourhood without cars and with sustainable housing.
Other cities like Oslo, Helsinki, and Madrid have recently announced
their plans to become (partly) car free. Many cities have introduced
different policies that aim to reduce motorized traffic including imple-
menting car-free days. Some of the main challenges will be how to
change existing infrastructure that was mainly designed for cars to
infrastructure for active and public transport, and how to change
people’s perceptions, attitudes, and behaviours.'® The transition to
car-free cities may substantially improve the liveability of neighbour-
hoods—especially in those neighbourhoods that bear disproportion-
al burdens of pollution, social disadvantage, crashes, and public
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Figure 7 Exposure to environmental risk factors (= external exponse) leads to changes in central biochemical pathways with associated health im-
pact. The central biochemical pathways comprise changes in circadian clock genes leading to impaired rhythmicty and phase-shifts, stress hormone
release (cortisol and catecholamies) production of reactive oxygen species by mitochondria and NADPH oxidase in activated immune cells, inflam-
mation with tissue infiltration of activated immune cells, and oxidative damage in different organs. Since classical health risk factors share similar path-
omechanisms, people with existing classical health risk factors or disease (e.g. diabetes or hypertension) may experience additive adverse health
effects upon exposure to environmental risk factors. HPA, hypothalamic-pitutary-adrenal axis; SNS, sympathetic nervous system; NOX2, phagocytic

NADPH oxidase (isoform 2); ROS, reactive oxygen species. Merged and redrawn from previous reports with permission.

transport disinvestment. A transition from car-dominated urban
landscapes and transport policies towards car-free cities that are con-
sidering the mobility needs of all people to access key destinations,
regardless of their access to private cars would, therefore, constitute
an important step towards a more inclusive and just urban environ-

ment that is also more sustainable and healthier.'%

The new paradigms and tools

The exposome and exposure outcomes
The exposome concept refers to the totality of exposures from
a variety of external and internal sources, including chemical
agents, biological agents, or radiation, over a complete lifetime
(Figure 7). This rethink of simplistic models to complex net-
work effects will allow one to decipher a plethora of influences
on human health and understanding of the genesis of complex
NCD.

Despite the general acknowledgement by the scientific community
that ‘Genetics loads the gun but the environment pulls the trigger’,
when it comes to the causation of major NCDs, there is persistent

72,114

uncertainty as to the global burden of disease attributable to environ-
mental factors including lifestyle and the climate.'®” Deciphering the
human exposome is a novel exciting way to improve health and to
reduce the overall burden of disease.

So far, environmental epidemiology has mainly focused on hard
outcomes, such as mortality, disease exacerbation, and hospitaliza-
tions. However, there are many other relevant outcomes related
to environmental exposures that can be facilitated by an improved
understanding of biomarkers of exposure and response to the
exposome through the application of integrated omics technolo-
gies. Biomarkers and omics technologies may also allow better
causal attribution, for example using instrumental variables in
triangulation.'%®

The work around the exposome in the urban context has
shown us the large number of exposures we experience every
day, how they are interconnected, and the relationship of other
exposures such as socioeconomic measures.'”” Using geographic
information systems, remote sensing and spatio-temporal model-
ling, environmental indicators such as meteorological factors, air
pollutants, traffic noise, traffic indicators, natural space, the built
environment, public transport, facilities, and walkability can be
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assessed. Furthermore, these exposures can now also be
assessed using wearables that can be worn by people for a long
time and provide important information on their urban environ-
ment,"'® but also health parameters like blood pressure and

heart rate variability.'"”

Planetary health

What is good for the planet is also good for human health. The re-
cent Declaration of Helsinki emphasizes the urgency to act, as scien-
tific evidence shows that human activities are causing climate change,
biodiversity loss, land degradation, overuse of natural resources, and
pollution."’? They threaten the health and safety of humankind. A
shift from fragmented approaches to policy and practice towards sys-
tematic actions will promote human and planetary health. Systems
thinking will need to feed into conserving nature and biodiversity and
into halting climate change. The Planetary Health paradigm, the health
of human civilization, and the state of natural systems on which it
depends must become the driver for all policies.

Sustainable Development Goals

Cities are an important driving force to implement the SDGs
and the New Urban Agenda.'® The SDGs provide an operational
framework to consider urbanization globally, while providing local
mechanisms for action and careful attention to closing the gaps
in the distribution of health gains. While health and wellbeing are
explicitly addressed in SDG 3, health is also present as a precon-
dition of SDG 11 that aims at inclusive, safe, resilient, and sus-
tainable cities. Health in All Policies (HiAP) is an approach to
public policy across sectors that systematically takes into account
the health implications of decisions, seeks synergies, and avoids
harmful health impacts to improve population health and health
equity. HiAP is key in the context of urban policies to promote
public health interventions aimed at achieving SDG targets. HiAP
relies heavily on the use of scientific evidence and evaluation
tools, such as health impact assessments.'® Health impact assess-
ments may include city-level quantitative burden of disease,
health economic assessments, and citizen and other stakeholders’
involvement to inform the integration of health recommendations
in urban policies. Citizen participation is essential to obtain desir-
able and acceptable outcomes.

Gaps in current knowledge, future
research, and training needs

Considering the pervasive and often cumulative impact of environ-
mental exposures in big cities and large urbanized areas, the health
problems and disease burden attributable to the sum totality of
exposures may exceed all previous estimations.”>" " There is a large
spatial overlap of environmental stressors such as traffic noise, air
pollution, nocturnal artificial light pollution, heavy metals and/or pes-
ticides in soil and water, and exposure to psychosocial risk factors
such as social isolation, work strain, and racial inequities. This reinfor-
ces the need for exposure assessment to include simultaneous as-
sessment of stressors rather than as fragmented individual stressors
to provide an accurate portrait on their health effects. Such an inte-
grated assessment is further supported by epidemiological evidence

for the additive effects of different environmental stressors, such as
air pollution, noise, and nocturnal light pollution on cardiovascular
risk (Figure 7). Therefore, multi-exposure studies are urgently
required to study these additive/synergistic effects of multiple envir-
onmental exposures, their interaction with other risk factors and fi-
nally their impact in facilitating and/or exaggerating pre-existing
chronic NCD. We additionally need a dramatic shift in the city envi-
ronments that are currently detrimental to health, because of
increased air pollution, noise, heat, and light exposure through insti-
tution of a number of measures, including reducing space allocated to
private motorized transport, increasing space to active and public
transportation and finally increase in green space (trees, etc.). What
we urgently need is studies to assess the health effects of these cur-
rent interventions that are taking place in cities."’> These interven-
tions must be evaluated to assess the ‘dose’ of the interventions
delivered and any policy-implementation gaps; and the health effects
of being exposed to more supportive environments.'® Vice versa,
there is an obvious research need addressing why growing urbanisa-
tion has gone hand in hand with longevity. Did we miss some positive
aspects of urbanisation that promote health, such as access to better
health care that may be key to understand this obvious contradiction.

The COVID-19 pandemic may be an opportunity though to build
better and more sustainable societies and cities.?” It has provided
opportunities for cities to capitalize on a desire for local living with
more people working from home, more often, and increased active
transportation enabling people to physically distance. However, it has
presented challenges for those living in small apartments, particularly
parents’ home-schooling children; and a shift away from public trans-
port for fear of transmission of infection. Recently, the WHO pub-
lished a manifesto for a healthy recovery from COVID-19, including
building healthy and liveable cities. These ideas, however, need sup-
port and investment. The European Green Deal is a comprehensive
road map striving to make the EU more resource-efficient and sus-
tainable, and a great opportunity to make cities carbon neutral, more
liveable, and healthier through better urban and transport
planning.""’

This transformation required to create healthy liveable and sus-
tainable cities undoubtedly will need to be facilitated by well
informed, well-trained health professionals and health researchers
who are able to work collaboratively with disciplines and sectors out-
side of health. This highlights a critical role for universities to train the
next generation of researchers and policy and practice public health
workers, to enable them to co-design research as equal partners
with sectors outside of health.

What are the societal and political
consequences?

Cities concentrate people and resources in one place, which creates
both hazards and very real opportunities for improving health. In
densely populated and highly urbanized areas, environmental expo-
sures are prominent features of everyday living that may systemically
interfere with human and planetary health. Although we have revolu-
tionized the way we treat patients and health conditions on an indi-
vidual basis over the last decades, serious and sustainable efforts to
combat hazardous environmental exposures at the population level
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are needed. This will serve as well to fight not only global pandemics
such as COVID-19 but also successfully stem the tsunami of NCDs
and help protect planetary health.

Currently, ~96% of public health funding goes towards treatment
and only 4% towards prevention. In addition, the monies allocated
for prevention is predominantly directed at the individual with very
little effort or dollars devoted to the collective social and physical en-
vironment to help mitigate environmental exposures. In this sense, in-
vestment to facilitate broad intersectoral action to improve our cities
is a dire need, as it is indeed these cross disciplinary actions taken by
urban, transport, and health planners that will have the largest impact
on health. And in this sense, there is potential for them to be some of
the best public health professionals, in the same way they were in the
rapidly industrializing 19th century, tackling infectious and environ-
mental diseases. Unfortunately these professionals often may not
realize the impact of their work on human health and how they can
improve health. Like the 19th century city reformers, it is critical that
the health researchers gather evidence to inform policy and practice
about how to create healthy liveable cities and that the health sector
work closely with sectors outside their domain of expertise to en-
courage and ensure successful implementation.’®

Successful implementation of these efforts to reduce NCD risk
and create a healthy and sustainable future will require a radical re-
think about how we organize the way we live in the future in order
to protect human and planetary health. This is only achievable by
engaging the individual and the community and through large-scale
long-term macro interventions that include economic investment in
smart cities, transformation of power generation, and elimination of
fossil fuels.
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