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* |In 2014, 50% of the global population
resided in urban areas.




Acta Psychiatr Scand 2010: 121: 84-93

All rights reserved

DOI: 10.1111/5.1600-0447.2009.01438.x

LETTER

doi:10.1038/nature10190

City living and urban upbringing affect neural social
stress processing in humans

Florian Lederbogen'*, Peter Kirsch'*, Leila Haddad'*, Fabian Streit’, Heike Tost, Philipp Schuch’, Stefan Wiist',
Jens C. Pruessner”, Marcella Rietschel', Michael Deuschle’ & Andreas Meyer-Lindenberg'

More than half of the world’s population now lives in citics, making
the creation of a healthy urban environment a major policy priority'.
Cities have both health risks and benefits', but mental health is
negatively affected: mood and anxiety disorders are more prevalent
in city dwellers® and the incidence of schizophrenia is strongly
increased in people bornand raised in cities” ‘. Although these find-
ings have been widely attributed to the urban social environ-
ment**”*, the neural processes that could mediate such associations
are unknown. Here we show, using functional magnetic resonance
imaging in three independent experiments, that urban upbringing
and city living have dissociable impacts on social evaluative stress
processing in humans. Current city living was associated with
increased amygdala activity, whereas urban upbringing affected
the perigenual anterior cingulate cortex, a key region for regulation
of amygdala activity, negative affect’ and stress'’. These findings
were regionally and behaviourally specific, as no other brain struc-
tures were affected and no urbanicity effect was seen during control
experiments invoking cognitive processing without stress. Our
results identify distinct neural mechanisms for an established
environmental risk factor, link the urban environment for the first
time to social stress processing, suggest that brain regions differ in
vulnerability to this risk factor across the lifespan, and indicate that
experimental interrogation of epidemiological associations is a
promising strategy in social neuroscience.

Urbanization, a process that started in North America and Westem
Europe but is now mainly occurring in developing nations, is a major
socio-ecological change confronting mankind. By 2050,69% ofhumans
willlive in urban areas’. Althoughcity dwellers, on average, are wealthier
and receive improved sanitation, nutrition, contraception and health

[ ©ConuviudiviL.

including social defeat and chronic social stress, might constitute such
a factor®. Consequently, many authors have proposed that social stress
processing in the urban environment underlies the greater risk for
mental illness**”, and contributes to the manifestation of these dis-
orders inadults. To test experimentally the hypothesis that urban living
and upbringing modulate neural processing of acute social evaluative
stress, we studied the neural responses of healthy German volunteers
undergoing such stress during functional magnetic resonance imaging
(fMRI). We confirmed our findings in a second study using a different
social stress paradigm and then tested for cognitive specificity by ascer-
taining the effect of urbanicity on brain activation during cognitive
processing without stress. Importantly, our subjects did not have a
mental disorder nor were they at high risk for one; the link to these
illnesses from the environmental risk factor that we studied is estab-
lished by the epidemiological evidence discussed earlier.

In our first (discovery) study, we used the Montreal Imaging Stress
Task (MIST)", a social stress paradigm where participants salve
arithmetic tasks under time pressure. Difficulty was varied adaptively
to keep success rates—visually presented on a ‘performance scale’—at
between 25-40%. Study investigators provided further negative feed-
back after each test segment through headphones. Subjective stress
levels were measured before andafter the session usinga visual analogue
scale, and effects of the MIST on salivary cortisol, heart rate and blood
pressure were recorded repeatedly. Urbanicity was quantified as fol-
lows*: city with more than 100,000 inhabitants(3); town with more than
10,000 inhabitants (2); and rural area (1). For urban upbringing, these
numbers were multiplied by the number of years living in thearea up to
age fifteen and added. Thirty-two participants with rural as well as
urban upbringing and habitation entered the final analysis (Sup-
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* What specific factors within the urban environment
affect mental health?

 What are the underlying mechanisms through which
these factors affect mental health?

 How do these factors interact with the sociodemographic
background and lifestyle of the individual?



Using smartphone
technologies: The
Urban Mind app

 Addresses the issues of
previous environmental
research

e 2.1 billion smartphone users
in 2016

* Flexible and accessible
research tool




Download from the Apple App Store or Google Play
How to use the

app

Provide informed consent

Complete the baseline questionnaire

Complete 3 assessments per day over a 14-day period



Ecological Momentary
Assessment (EMA)

* Sensory

* Nature

 Safety

* Social inclusivity

* Planninginclusivity
* Deprivation

* Mental wellbeing




Ecological Momentary
< Assessment (EMA)

Right now | feel connected with

* Sensory
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ground




Location Data

* Background
location tracking

* Foreground
location tracking
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il TalkTalk =

How your mental wellbeing differed for
indoors / outdoors.
confident
relaxed
happy

connected with other people

energetic

all TalkTalk =

How your mental wellbeing differed for
noisy / not noisy.

confident

relaoxed

happy

connected with other people

energetic

No Service =
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How your mental wellbeing differed for
contact with nature / not in contact with
nature.

confident

relaxed

connected with other people

energetic
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Mental wellbeing scores
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Effects of
“hatural
‘features on
mental
wellbeing

Mean differenbe énd 95% confidehée intervals

Are you indoors
or outdoors?

Can you see Can you hear Can you see Can you see

trees?

birds singing? or hear water? | the sky?

Percentage of completed assessments

Do you feel
in contact
with nature?




* Were still evident 7.5 hours after a single
exposure

Effects of

natu ral * Were more pronounced in people with
high trait impulsivity — a psychological

featu Fres on characteristic associated with higher

vulnerability to a range of mental health

mental disorders

wellbeing

* Interacted with the social environment
(e.g. feeling safe / unsafe)
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Urban Mind: Using Smartphone
Technologies to Investigate the
Impact of Nature on Mental
Well-Being in Real Time

IOANNIS BAKOLIS, RYAN HAMMOUD, MICHAEL SMYTHE, JOHANNA GIBBONS, NEIL DAVIDSON,

STEFANIA TOGNIN, AND ANDREA MECHELLI

Existing evidence on the beneficial effects of nature on mental health comes from studies using cross-sectional designs. We developed a
smartphone-based tool (Urban Mind; www.urbanmind.info) to examine how exposure to natural features within the built environment affects

mental well-being in real time. The tool was used to monitor 108 individuals who completed 3013 assessments over a 1-week period. Significant
immediate and lagged associations with mental well-being were found for several natural features. These associations were stronger in people
with higher trait impulsivity, a psychological measure of one’s tendency to behave with little forethought or consideration of the consequences,

which is mdicative of a higher risk q!df\'['hl‘mng mental-health issues. Our investigation suggests that the buh:m,x of nature on mental well-being
are time-lasting and interact with an individuals vulnerability to mental illness. These findings have potential implications from the perspectives

of global mental health as well as urban planning and design.

Keywords: nature, mental well-being, mental health, smartphones, ecological momentary assessment
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0ver three-and-a-half billion people, more than half
the world’s population, live in urban areas. This num
ber is rising fast in both developed and developing countries,
and it is expected that 66% of the global population will live
in cities by 2050 (UNESA 2014). This ongoing urbanization
has major implications for global mental health, because
people who live in urban environments are at higher risk of
a range of mental-health issues, including depression, gener-
alized anxiety disorders, psychosis, and addictive disorders
(Peen et al. 2010, Galea 2011, Lederbogen et al. 2011).
Crucially, the observation of a dose-dependent effect pro
vides support for a causal relationship, rather than a mere
association, between urban living and risk for mental illness
(Pedersen and Mortensen 2001, Haddad et al. 2015). Further

living and even promote mental health. For example, living
in urban areas with natural features such as trees, gardens,
parks, birds, and water is associated with higher levels of
mental well-being and reduced incidence of chronic men
tal illness (van den Berg et al. 2010, van Dillen et al. 2012,
Astell-Burt et al. 2013, Nutsford et al. 2013, Richardson et al.
2013, White et al. 2013, Astell-Burt et al. 2014, Alcock et al.
2015, Mantler and Logan 2015, Taylor et al. 2015, Triguero
Mas et al. 2015, Cox et al. 2017). A number of biologically
plausible theories have been proposed to explain this effect,
including attention-restoration theory (Kaplan § 1995),
stress-reduction theory (Ulrich et al. 1991), and biophilia
theory (Wilson 1993).

The existing literature on the beneficial impact of nature
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Using analytics to integrate the
“micro” and the “macro”

Individual Environment

Particulate Air Pollution in London
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How could the results be used?

* From the perspective of mental health care, the results could
inform the development and roll-out of scalable interventions
aimed at promoting mental health amongst urban and rural

populations.

* From the perspective of urban planning and design, the
results will provide a much-needed evidence-base to inform
future policies aimed at improving mental wellbeing in urban
and rural populations.
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Help us grow healthier

* Please take part in our project. Search for Urban Mind
in the Google Play Store or Apple App Store.

* For more information, visit https://urbanmind.info

»»»»»

* Please send feedback / suggestions to:
a.mechelli@kcl.ac.uk
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