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Abstract

Twenty-first century urbanization poses increasing challenges for mental health.
Epidemiological studies have shown that mental health problems often accumulate in
urban areas, compared to rural areas, and suggested possible underlying causes associated
with the social and physical urban environments. Emerging work indicates complex urban
effects that depend on many individual and contextual factors at the neighbourhood and
country level and novel experimental work is starting to dissect potential underlying mechan-
isms. This review summarizes findings from epidemiology and population-based studies,
neuroscience, experimental and experience-based research and illustrates how a combined
approach can move the field towards an increased understanding of the urbanicity-mental
health nexus.

Introduction

Urbanization is a relatively recent cultural phenomenon, starting about 10 000 years ago with
the change from a human hunter-gatherer existence to intense agriculture. Cities have been on
the rise and today 55% of the world’s population lives in urban areas. Further urbanization is
expected (UN, 2018). Living in a city may offer benefits, such as access to cultural offers and
healthcare, but epidemiological studies have frequently shown that mental health problems
accumulate in urban areas [e.g. Vassos, Agerbo, Mors, & Pedersen (2016); Vassos,
Pedersen, Murray, Collier, & Lewis (2012)]. This suggests adverse influences of urban envir-
onments, to which humans may not be equipped given their short exposure in the evolution-
ary history [Evolutionary Mismatch Hypothesis, see Li, van Vugt, & Colarelli (2017) for an
overview]. According to the biophilia hypothesis, human beings have an innate love for the
natural world and a universal tendency to seek connections with other forms of life, which
results at least in part from our genetic makeup and evolutionary history (Kellert & Wilson,
1993). Based on the evolutionary perspective, two theoretical frameworks have been proposed
to explain the effects of natural v. urban encounters on the human psyche. According to
Attention Restoration Theory [ART; (Kaplan & Kaplan, 1989)], urban life taxes cognitive
resources, particularly directed attention, to a much greater extent than the environment
our ancestors were used to in our past. Being present in nature helps to replenish this volun-
tary cognitive resource, because the sensory qualities of natural environments trigger
non-effortful processes, particularly involuntary attention. The other framework, which may
be complementary rather than exclusive, is Stress Reduction Theory [SRT, (Ulrich et al.,
1991)], which emphasizes unconscious effects on the autonomic nervous system to explain
how nature may reduce stress, especially the natural landscapes which were in our collective
past beneficial for survival.

Investigating how the environment is associated with mental health and wellbeing requires
a definition of the different components that constitute a natural or an urban environment and
that may impact the human psyche. A plausible set of urban influences may lie in social char-
acteristics, such as high population density, low social cohesion, repeated transgressions of
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personal space and high socioeconomic deprivation [for reviews
see Galea & Vlahov (2005); Heinz, Deserno, & Reininghaus
(2013)]. Further risk may be conveyed by the physical character-
istics of cities, such as lack of green-space or environmental pol-
lution (Attademo & Bernardini, 2017; Rautio, Filatova,
Lehtiniemi, & Miettunen, 2018) and elements globally referred
to as ‘urban stress’. Understanding these influences requires stud-
ies that document spatial variation and investigate to what extent
social and material situations are aetiologically relevant (March
et al., 2008); to enable urban designs that mitigate the risk and
enhance protections (Adli et al., 2017). This selective review
aims to illustrate how interdisciplinary research from epidemi-
ology, experimental psychology, neuroscience and social sciences
is instrumental in achieving this goal and to suggest directions for
future research.

The urban environment and mental health

Living in or growing up in an urban environment has been asso-
ciated with the elevated prevalence of mental disorders (Peen,
Schoevers, Beekman, & Dekker, 2010). Most research in this
realm has focussed on disorders in the schizophrenia spectrum.
However, particularly in the last decade, investigations of other
mental health conditions have emerged. Compelling evidence
supports the urbanicity and non-affective psychosis link [OR
1.72 (Krabbendam & Van Os, 2005); meta-analytic IRRs of 1.68
(Vassos et al., 2016) and 2.25 (Castillejos, Martín-Pérez, &
Moreno-Küstner, 2018)]. Findings are most robust for urban resi-
dence at birth and during childhood, suggesting an important
impact of urban factors on the developing organism (March
et al., 2008; Paksarian et al., 2018; Toulopoulou, Picchioni,
Mortensen, & Petersen, 2017). Urban birth and provincial city
upbringing have also been associated with bipolar disorder [IRR
1.18 (Marcelis, Navarro-Mateu, Murray, Selten, & Van Os,
1998), 1.21 and 1.23 (Pedersen & Mortensen, 2006)]; and urban
birth and current urbanicity have been associated with the preva-
lence and incidence of unipolar mood disorders [e.g. IRR 1.16
(Vassos et al., 2016); pooled OR of 21 studies 1.39 (Peen et al.,
2010), for a review with mixed results see Rautio et al. (2018)].
Associations with current urbanicity have also been found for
anxiety disorders [pooled OR of 12 studies 1.13 (Peen et al.,
2010)]. Urban residence at birth and during childhood has been
associated with autism spectrum disorders [IRRs birth: 2.28;
childhood: 2.85 (Lauritsen et al., 2014), birth: 1.41 (Vassos
et al., 2016)]. The evidence for substance use is mixed, depending
on geographic region and substance [IRRs 1.76–2.47 (Peen et al.,
2010; Vassos et al., 2016), pooled OR of 13 studies 1.31 (Peen
et al., 2010)]. Links between urbanicity and eating disorders
were mostly, but not always inconclusive [e.g. (Mitchison &
Hay, 2014), Mulders-Jones, Mitchison, Girosi, and Hay (2017),
Penkalla and Kohler (2014), Vassos et al. (2016)].

Some epidemiological studies suggest that the risk of urbani-
city is increased in those with a genetic liability for mental health
conditions, as in the case of psychosis (Krabbendam & Van Os,
2005; van Os, Kenis, & Rutten, 2010).

At the same time, those at higher risk might be drawn towards
living in urban or deprived areas [i.e. selective migration
(Colodro-Conde et al., 2018; Sariaslan et al., 2016)], but such
mechanisms can only explain a small part of the urbanicity effect
(Paksarian et al., 2018). Given that hereditary risk for mental
health disorders involves multiple common genetic variants of
small effects, future studies could investigate how urbanicity

interacts with polygenic risk scores. Using this approach for
other environmental exposures, recent results from the EU-GEI
study suggested that both early-life adversity and cannabis use
interacted with molecular genetic risk state in the development
of psychosis (Guloksuz et al., 2019).

Importantly, emerging evidence shows the geographic vari-
ation in the relation between urbanicity and psychosis. For
instance, EU-GEI showed no significant overall association
between current urbanicity and psychosis, with opposite effects
in the UK and the Netherlands (IRRs = 1.17 and 1.89) and
France, Spain and Italy (1.01, 1.01, 0.72) (Jongsma et al., 2018).
A study of low- and middle-income countries showed higher
psychosis rates with urbanicity in Estonia, but opposite patterns
in Mali, Senegal and the Philippines (DeVylder et al., 2018).
For affective psychosis, some reported a lower incidence with
urbanicity (Kelly et al., 2010; Kirkbride et al., 2017) and living
in urban environments or higher unit density neighbourhoods
has been associated with a lower incidence of depression and anx-
iety in Peru and the USA (Loret de Mola et al., 2012; Miles,
Coutts, & Mohamadi, 2012). This variation in risk for different
disorders, time of exposure (e.g. developmental v. current) and
geographic region stresses the need for systematic research that
assesses periods of risk in conjunction with multiple individual
(e.g. polygenic risk) and contextual factors (e.g. specific risk attri-
butes of urban environments). The key epidemiological findings
are summarized in Box 1.

Risk attributes of the urban environment

Urban risk does not only lie in population density, but arises from
an accumulation of social and environmental stressors (Galea,
2011; Rapp et al., 2015; see Box 2).

Social and economic factors, such as deprivation/poverty and
social fragmentation, lack of social capital, cohesion and trust
may explain urban risk [(Castillejos et al., 2018; Drukker,
Krabbendam, Driessen, & van Os, 2006; Galea et al., 2007;
O’donoghue et al., 2016; Zammit et al., 2010), for reviews see De
Silva, McKenzie, Harpham, & Huttly (2005); Ehsan & De Silva
(2015); McKenzie (2008)]. Yet, some contradictory evidence
shows higher social cohesion and incidence of distress and common
mental health disorders in rural areas (Loret de Mola et al., 2012).
Overall, similar rates of poverty and social exclusion have been
reported in urban and rural European areas, yet there were regional
variations with higher social exclusion and inequality particularly in
western European cities (Eurostat, 2016). This is interesting, as per-
ceived social inequality has been suggested to increase the risk for

Box 1. Epidemiological findings

• Urbanicity has frequently been associated with an increased risk
for mental health disorders, with most compelling evidence for
non-affective psychosis, followed by affective-, autism spectrum-
and anxiety disorders. Less and more equivocal evidence exists
for substance use-, eating- and other disorders

• Negative effects appear most pronounced for childhood
urbanicity

• New evidence shows that urbanicity effects are context specific
(e.g. as indicated by absent or reversed effects for psychosis in
southern European countries)
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mental distress, especially when the situation is unchangeable
[Social Defeat Hypothesis (Selten, van der Ven, Rutten, &
Cantor-Graae, 2013)]. Social defeat could explain elevated risk in
low socio-economic status (SES)/higher inequality neighbour-
hoods, which might be more typical, yet not specific to cities
(Blumenthal & Kagen, 2002). Further, densely populated urban
areas are characterized by a high frequency of social encounters.
These may contribute to negative urban effects for individuals
with a liability formental health conditions through increased stress
sensitivity (Myin-Germeys, Delespaul, & Van Os, 2005) and/or, as
in case of psychosis and depression, deficits in social cognition
(Green, Horan, & Lee, 2015; Weightman, Air, & Baune, 2014).

A factor that has frequently been investigated in the context of
urban risk is migration, which is thought to increase the risk

through social instability (Bhugra, 2004; Cantor-Graae &
Pedersen, 2013; McKenzie, 2008; Price, Dalman, Zammit, &
Kirkbride, 2018). However, migrant status is not a risk per se
and its effects vary between countries and ethnic groups
(Jongsma et al., 2018; Kirkbride et al., 2017; Schofield et al.,
2017). Social support structures, shared social history, positive
identification with one’s own ethnic group (Anglin, Lui,
Espinosa, Tikhonov, & Ellman, 2018; Veling, Hoek, Wiersma, &
Mackenbach, 2010) and low discrimination appear to render indi-
viduals more resilient (Schofield et al., 2017; Veling et al., 2008)
showing that effects of individual characteristics (e.g. migrant sta-
tus) depend on context. Finally, it is important to consider that
the perception of the social stress associated with the urban envir-
onment is also influenced by the mental health and wellbeing of
the individual (Corcoran et al., 2017). For example, a large popu-
lation study in adolescents showed that those who perceived
higher levels of threat in their neighbourhood were more likely
to have psychotic experiences (Newbury et al., 2018). This effect
remained after accounting for levels of crime, individual disorder,
neighbourhood- and family-level SES, suggesting that the subject-
ive perception of the urban environment is an important target
for research and possibly intervention.

An important physical factor through which cities could
impact mental health may be lack of green space (Bratman,
Hamilton, & Daily, 2012; Fong, Hart, & James, 2018; Gascon
et al., 2015; Lee & Maheswaran, 2010; van den Berg et al.,
2015). Low compared to high green space presence was associated
with a 1.52-fold increased schizophrenia risk in a Danish case
registry study (Engemann et al., 2018), with most profound effects
for low green space presence during early childhood. Moreover,
individuals with psychosis have been found to reside in less
green areas than the general population (Boers, Hagoort,
Scheepers, & Helbich, 2018). Lack of green space has also been
associated with the prevalence of anxiety and autism spectrum
disorders (de Vries et al., 2016; Wu & Jackson, 2017), but findings
are mixed for mood and substance use disorders (Banay Rachel
et al., 2019; de Vries et al., 2016).

As a flipside to reduced green space, the features of urban
environments (e.g. noise, light, social encounters) may lead to
cognitive overload for attention, memory or cognitive control
(Bratman et al., 2012) and salience processing in general
(Winton-Brown, Fusar-Poli, Ungless, & Howes, 2014). Some evi-
dence linked urbanicity to reduced cognitive development in chil-
dren (Gouin et al., 2015). Schizophrenia risk has been associated
with lower cognitive functioning and urbanicity, possibly indicat-
ing reduced coping ability with the eventfulness of cities (Weiser
et al., 2007). Noise pollution or noise-induced stress has also been
associated with measures of annoyance, displaced aggression,
reduced wellbeing and cognitive functioning (Dzhambov &
Dimitrova, 2014; Goines & Hagler, 2007; Ohrstrom, 2004;
Wright, Peters, Ettinger, Kuipers, & Kumari, 2014). In line with
the biophilia hypothesis (Kellert & Wilson, 1993), these findings
may pinpoint impaired relaxation (e.g. SRT) or cognitive restor-
ation (e.g. ART), which are associated with nature sights and
sounds or reduced cognitive load (Berto, 2014; Bratman et al.,
2012). Often exposure to noise occurs simultaneous to exposure
pollutants from road or air traffic, which might be an independent
mechanism that transduces urban risk [e.g. exposure to ultrafine
particles, heavy metals as lead and cadmium, or nitrogen oxide
(Buoli et al., 2018; Newbury et al., 2019), which affect particularly
individuals with lower SES in urban areas (Cesaroni et al., 2010;
Laurent, Bard, Filleul, & Segala, 2007)]. Though, a recent review

Box 2. Hypotheses on urban risk attributes

• Environmental pollution: proposes that pollutants, such as heavy
metals impact negatively on (mental) health (e.g. through their
effects on the nervous system)
✓ Supporting correlational evidence on the link between

pollution and risk for mental health conditions exists;
however, effects are small at least in the case of psychosis

✓ Traffic pollution has been associated with altered neural
connectivity in humans

✓ Animal studies support toxic effects of pollution and link it to
depressive-like behaviours

• Lack of nature space: proposes that being in nature (e.g. green
space) has salutogenic effects, for instance through cognitive
restoration or stress reduction, which re-calibrate psychological
and physiological systems
✓ Urban upbringing has been associated with less efficient

neural processing on a cognitive task for working memory
✓ Proximity to green space has been linked to grey and white

matter volume changes in young and old individuals
✓ Visiting green spaces or nature experiences in cities positively

affect mental health-related factors, such as mood and
cognition

✓ Brief nature experiences change physiological health markers
and rumination-related brain activation

• Selective migration: posits that the increased rates of mental
health problems observed in cities are due to selective influx of
people who are predisposed to develop a disorder
✓ Research in psychosis shows some effects of polygenic risk on

city living and neighbourhood poverty; however, the genetic
associations may only account for a small part (∼2%) in
schizophrenia risk

• Social stress: proposes that urban environments are defined by a
high occurrence of social stressors (e.g. transgression of personal
space, low SES and inequality, social exclusion, instability and
defeat) that render vulnerable individuals at risk
✓ In situ studies show that threat perception is associated with

neighbourhood affluence, the mental health status of the
perceiver and that individuals with psychosis experience
unchosen social interactions in cities as stressful

✓ City living has been associated with higher activation of
stress-related brain areas during stress-tasks

✓ Social stress (although not necessarily urbanicity related), has
been linked with structural and functional brain alterations
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suggested that pollution only accounts for a small part of the risk
for mental health problems, at least in psychosis (Attademo,
Bernardini, Garinella, & Compton, 2017).

Other, possibly related, salutogenic effects of natural environ-
ments could include better immune function, lower blood pres-
sure and/or health behaviours, such as physical and social
activity, which directly affect the individuals and unborn offspring
(Ebisu, Holford, & Bell, 2016; Fong et al., 2018; James, Banay,
Hart, & Laden, 2015; Kuo, 2015; Maas, van Dillen, Verheij, &
Groenewegen, 2009; Rook, 2013; Rook, Lowry, & Raison, 2013;
Twohig-Bennett & Jones, 2018). Interestingly, visiting green
spaces appears to affect the mental health of city dwellers posi-
tively (Alcock, White, Wheeler, Fleming, & Depledge, 2014;
Bratman, Hamilton, Hahn, Daily, & Gross, 2015). Lack of green
space during upbringing and adult life could be due to various
SES-related factors, but low use of green space could lie in reduced
motivation and withdrawal from activity that accompanies mental
health conditions (Van den Berg et al., 2016), highlighting the
potential importance of activating interventions.

In sum, studies on urban upbringing and current urban living
show that a variety of individual and context-related factors of the
urban environment increase the risk for mental ill-health. A com-
mon denominator of urbanicity risk appears to lie in the presence
of stressors and the lack of opportunity for stress relief associated
with specific social and physical characteristics of the urban envir-
onment (Gong, Palmer, Gallacher, Marsden, & Fone, 2016).
Importantly, the urban environmental risk factors may cluster
and have additive, if not synergistic effects (Kuepper, van Os,
Lieb, Wittchen, & Henquet, 2011; Morgan et al., 2014), which
require further systematic investigation of the interplay of social,
environmental and person characteristics.

The urban environment and the brain

Neuroscientific studies may contribute to our understanding of
the neurobiological processes mediating the effect of urban living
on mental health (Meyer-Lindenberg & Tost, 2012). For instance,
neuroimaging can investigate hypothesized emotional and cogni-
tive brain mechanisms or brain areas and connections that are
susceptible to urban effects. The social stress hypothesis is sup-
ported by an initial functional neuroimaging (fMRI) study that
probed the blood-oxygen-level-dependent (BOLD) brain to stress
as a function of urban upbringing and current city living. In
healthy individuals, current city living was associated with higher
activation of the amygdala during social stress. Urban upbringing
moreover was associated with an increased activity of the perigen-
ual anterior cingulate cortex (pACC), which connects to frontal
and limbic brain areas and has been implicated in emotional pro-
cessing, contingency learning and cognitive control (Stevens,
Hurley, & Taber, 2011; Palomero-Gallagher et al., 2018). In
another study, current city living was associated with higher acti-
vation of the amygdala, medial orbital cortex and pACC during a
task measuring reward activation and modulation (Krämer,
Diekhof, & Gruber, 2017). The results indicate a fronto-limbic
hypersensitivity during stress and reward processing. The finding
is in line with the hypotheses derived from experimental and epi-
demiological studies, which suggest that exposure to urban
(social) stress leads to neural sensitization and sensitization of
physiological stress systems as the hypothalamus–pituitary–
adrenal axis (Selten & Cantor-Graae, 2005; Selten et al., 2013;
Steinheuser, Ackermann, Schonfeld, & Schwabe, 2014). In add-
ition, urban upbringing has been associated with less efficient

prefrontal processing during a working memory task, suggesting
the involvement of cognitive control processes (Reed et al.,
2018). Although the evidence is still limited, structural neuroima-
ging associated urban upbringing with reduced dorso-lateral pre-
frontal cortex (dlPFC) and (in men only) pACC volumes
(Akdeniz et al., 2017; Haddad et al., 2014), reduced cortical thick-
ness in frontal and temporal–parietal cortices and increased vol-
ume of the precuneus (Besteher, Gaser, Spalthoff, & Nenadić,
2017; Lammeyer, Dietsche, Dannlowski, Kircher, & Krug, 2019),
as well as white matter changes in the left superior longitudinal
fasciculus (Lammeyer et al., 2019). Few studies have linked
urban living to brain phenotypes in disorder. In males with a
psychotic disorder, urban upbringing was associated with reduced
grey matter volume (Frissen, van Os, Peeters, Gronenschild, &
Marcelis, 2018), but not with cortical thickness (Frissen et al.,
2017), or functional connectivity (Peeters et al., 2015).
Importantly, it is largely unclear what accounts for these neural
alterations. Initial studies, which are discussed in the following
paragraph, have focussed on social stressors and green/blue
space as potential explanatory factors of structural and functional
brain changes.

An important new direction is the study of gene–urbanicity
interactions for brain phenotypes. In a subgroup of the sample
studied in Lederbogen et al. (2011), a functional variant of the
neuropeptide S receptor 1 interacted with urban upbringing on
the amygdala stress response during the social stress task (Streit
et al., 2014). Urban upbringing also interacted with dopamine
genes in altering prefrontal function during a working memory
task, a finding that was replicated in two independent samples
(Reed et al., 2018). Future studies of gene–urbanicity interaction
could capitalize on the identification of polygenic risk scores for
the disorder as an index of molecular genetic risk, rather than
focusing on single nucleotide polymorphisms.

In sum, initial evidence links urbanicity to changes in neural
activation and structure. While tentatively supporting existing
theories, the findings need to be interpreted with great caution
given their correlational nature. It will be important for future
research to draw upon insights from the animal literature and
to directly investigate the impact of different urban attributes
on the brain in experimental and experience-based studies.
Initial studies that attempted to directly unravel the effects of
the city will be discussed in the following paragraph.

Risk attributes of the urban environment and the brain

Many studies have investigated neural correlates of social phe-
nomena that are relevant to the hypothesized mechanisms of
urbanicity, although not explicitly framed in this context. For
example, low childhood SES has been associated with a range of
brain structural and functional changes (Farah, 2017;
McDermott et al., 2019), with the strongest effects in the most dis-
advantaged children (Noble et al., 2015). A quantitative
meta-analysis of social environmental stressors based on 54 stud-
ies and 3044 participants concluded that the experience of social
environmental stress was associated with an altered BOLD
response across several brain regions. Increased BOLD of the
right amygdala was a robust finding across multiple studies
(Mothersill & Donohoe, 2016). This effect was similar for the
(n = 34) studies including adults and those including children/
adolescents (n = 21). The meta-analysis included different types
of social stressors, some of which are not relevant to urban social
risk (e.g. childhood trauma), but are nevertheless informative on
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the key role for the amygdala in the neural effects of the social
environment. Finally, recent evidence linked psychosocial stres-
sors (childhood adversity, migration and urban living) in healthy
volunteers to reduced volume of the amygdala (Weissman et al.,
2019) and increased connectivity between striatal and cortical
regions, involved in salience and reward processing
(McCutcheon, Bloomfield, Dahoun, Mehta, & Howes, 2019). In
addition, evidence from the animal literature shows that repeated
social defeat is associated with sensitized neurons and microglia
over several weeks (Weber et al., 2019). Such changes at cell
level might drive higher-level changes in brain structure, and
could contribute to various mental health conditions that have
been associated with stress sensitization and reward processing
deficits (Gerin, Hanson, Viding, & McCrory, 2019; Weissman
et al., 2019; Whitton, Treadway, & Pizzagalli, 2015).

Future studies could apply more detailed methods to assess the
experience of social stress in urban and rural neighbourhoods, as
is already done in epidemiological studies [e.g. Binbay et al.
(2012)], allowing for a comparison of groups that differ on well-
defined social dimensions of residential environments. Social cog-
nitive neuroscience has developed validated paradigms that could
be used in conjunction with this approach to study how indivi-
duals with different urban social experiences respond to social
stressors. For example, the experience of social exclusion, social
inferiority or transgression of personal space can be experimen-
tally induced and studies using these paradigms have reliably
associated negative social experiences with activation in brain
areas that are involved in the processing of negative emotions
and cognitive control (Kennedy, Gläscher, Tyszka, & Adolphs,
2009; Kishida, Yang, Quartz, Quartz, & Montague, 2012; Zink
et al., 2008).

Recent studies have started to investigate the associations
between urban physical factors and the brain. Kühn et al.
(2017) used data on green and blue space from the European
Urban Atlas in conjunction with structural brain imaging, and
reported that older adults who lived close to forests had increased
amygdala integrity, based on three different neuroimaging
sequences of grey and white matter density (voxel-based morph-
ometry, mean diffusivity from diffusion tensor imaging and
magnetization-transfer ratio). The study also investigated associa-
tions with urban green, water and wasteland and additional
regions of interest, the pACC and dlPFC, for which volume reduc-
tions have previously been linked to urban upbringing (Akdeniz
et al., 2017; Haddad et al., 2014). However, none of the other asso-
ciations was significant, suggesting that neuro-regenerative effects
of nature are specific to (non-urban) green space and primarily
working on brain regions that are implicated in emotional (threat)
processing, rather than those related to cognitive control. It is pos-
sible that non-urban green space is a proxy for personal space (i.e.
low social exposure), which is likely to act positively on the brains’
threat system. Although, others showed that lifelong access to resi-
dential greenness (using satellite-based normalized difference
vegetation index) was positively associated with grey and white
matter volume in prefrontal and premotor areas and the cerebel-
lum in school-aged children (Dadvand et al., 2018), possibly relat-
ing to neural plasticity and regeneration. Interestingly, the regions
that were associated with greenness were also positively associated
with working memory and inversely associated with inattentive-
ness, suggesting that impaired structural integrity could underlie
the previously discussed cognitive effects of urban environments
[e.g. (Reed et al., 2018)]. Others found that in children between
8 and 12 air pollution exposure was mainly associated with

reduced functional connectivity in the default mode network
activity and stimulus-driven mental operations (Pujol et al.,
2016) rather than structure or membrane metabolites, which
might point toward stress-related mechanisms. Neurotoxicity-
related structural changes, as supported by animal studies
(Fonken et al., 2011; Levesque, Surace, McDonald, & Block,
2011), could appear further down the line of development.

The initial neuroimaging studies suggest stress sensitization
through environmental stressors, neurotoxicity and neuro re-
and degeneration as possible neurobiological pathways that
mediate urbanicity effects on cognitive functioning and mental
health. Future studies need to systematically investigate multiple
mechanisms that could underlie the urban effect on the brain
(e.g. exposure to toxic or noise pollution, social stressors).
Longitudinal research will be necessary to unravel developmen-
tal effects. To improve our insight into which specific urban
features are involved, experimental and experience-based stud-
ies that investigate immediate responses to specific physical
and social characteristics of urban environments will be
indispensable.

Experimental and experience-based studies: testing causality
of urban factors

Experimental studies use randomized designs to investigate the
psychological or psychophysiological effects of nature/urban-
related experimental stimuli or short-term experience of nature
or urban environments. Drawing on ART and SRT, these stud-
ies have included cognitive outcomes as well as outcomes
related to mental health and psychophysiology. Studies differ
in type (e.g. images v. actual presence) and duration (e.g. min-
utes to hours) of the nature v. urban experience, but overall
systematic reviews confirmed the positive effects of nature on
mental wellbeing and cognition, although some studies yielded
inconclusive findings (Bowler, Buyung-Ali, Knight, & Pullin,
2010; Bratman et al., 2012; Ohly et al., 2016). The effects on
psychophysiological indicators, such as blood pressure and
heart rate variability, are less well-studied (Bowler et al.,
2010). However, there are individual studies that suggest that
a brief experience of nature changes physiological health
markers (Li et al., 2011; Park, Tsunetsugu, Kasetani, Kagawa,
& Miyazaki, 2010), an effect that may extend to simulated
environments (i.e. viewing nature v. urban scenes) (Brown,
Barton, & Gladwell, 2013). Moreover, positive effects on mood
and cognition of a short walk in nature v. urban environments
have been observed in individuals with major depression
(Berman et al., 2012). The experimental approach has also
been applied to study the effects of specific urban environments.
For example, passing through a deprived urban environment
increased anxiety and reduced trust in patients with persecutory
delusions (Ellett, Freeman, & Garety, 2008), as well as in
healthy individuals (Nettle, Pepper, Jobling, & Schroeder,
2014). In patients with persecutory delusions, going out in a
busy shopping area had similar effects (Freeman et al., 2014).

Recently, studies also started to investigate the direct neural
effects of short-term urban v. nature experience. Healthy partici-
pants underwent resting-state fMRI before and after a 90 min
walk in a nature as opposed to an urban environment (Bratman
et al., 2015). The walk in nature reduced self-reported rumination
and activation in the sub-genual prefrontal cortex (sgPFC),
whereas the urban walk did not. The sgPFC is linked to self-
focused behavioural withdrawal and rumination, supporting a
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restorative effect of nature, possibly by distracting participants
from negative feelings. It is important to note that the exposure
conditions should be carefully matched for characteristics that
are not directly related to nature or urban environments, such
as pleasantness or level of threat. That is, unpleasant nature scenes
may well have marked negative effects (Pretty, Peacock, Sellens, &
Griffin, 2005), just as beautiful urban scenes may have positive
effects (Seresinhe, Preis, MacKerron, & Moat, 2019). A solution
to this problem would be simulated exposures that are matched
for such characteristics. Virtual reality has successfully been
applied to study the effect of social environmental stress in psych-
osis, and may combine experimental control with good ecological
validity (Veling et al., 2008), for a systematic review see
Valmaggia, Day, and Rus-Calafell (2016).

In sum, there is convincing evidence for positive effects of the
short-term experience of nature on wellbeing and cognition,
which may occur through largely unconscious processes affecting
attention and autonomous nervous system activity. The experi-
mental approach may be instrumental in identifying specific asso-
ciations between elements of natural or urban environments and
outcomes that are relevant to mental health. At the same time, not
all relevant elements of natural or urban environments lend itself
to experimental designs with human participants (e.g. pollution)
and it is unclear how short-term effects relate to the effects of
years of exposure. Within these constraints, future research
could set out to systematically delineate the optimal duration
and type of the nature experience (e.g. Barton & Pretty, 2010;
Bratman et al., 2012). Furthermore, it would be relevant for
experimental studies to systematically incorporate individual
differences in sensitivity to the natural or urban environment,
for example, related to baseline mental health, as epidemiological
research points to person–environment interactions. It has
also been postulated that explicit cognitions (e.g. connectedness
to nature) may mediate the beneficial effects of nature
experiences on attention and mental health (Mayer, Frantz,
Bruehlman-Senecal, & Dolliver, 2008). Zooming in on the con-
scious experience of the natural or urban environment to under-
stand the impact of the environment on the psyche is at the focus
of the experience-based approach that is discussed next.

Experience-based studies start from the notion that the lived
experience and sense-making of subjects are crucial for analys-
ing the effects of urban or natural milieus on mental health.
Therefore, the role of natural and urban environments in men-
tal health needs to be understood as the result of people’s
actions and experience in context (Cresswell, 2014). Such in
situ experiences can be captured by studies in which indivi-
duals provide quantitative and/or qualitative information,
while they walk through specific neighbourhoods or natural
landscapes. This may provide a much more fine-grained
insight into how the effects of urban stressors identified in epi-
demiological studies depend on specific contexts (Söderström
et al., 2016).

Corcoran et al. (2018) collected data on walkers’ in situ judge-
ments of threat and trust in two urban neighbourhoods, which
differed in terms of deprivation. Perceptions of trust and threat
were influenced by the perception of neighbourhood affluence,
but also by the mental health and wellbeing of the walkers.
Experience-based studies may further elucidate specific features
of the urban environment that elicit stress in individuals with psy-
chopathology. For example, a recent study used video recordings
of patients’ urban walks in conjunction with video-elicitation in
patients with first-episode psychosis and showed that situations

of stress are related to demographic density, sensory environ-
ments (in places like shopping malls), obstacles to fluid pedestrian
mobility and unchosen social interactions, whereas creating sen-
sory ‘bubbles’, programming mobility and creating places of com-
fort were tactics used to handle urban stress (Söderström et al.,
2016; Söderström, Söderström, Codeluppi, Empson, & Conus,
2017). Interestingly, density, a known stressor, served as a protect-
ive context for one individual with psychosis, because being in an
anonymous crowd (in contrast to being with close friends and
relatives) triggered feelings of belonging without being too
exposed. Other studies based on ethnographic data have shown
that ‘niches’ (Bister, Klausner, & Niewöhner, 2016) or ‘atmo-
spheres’ (Duff, 2016; Söderström et al., 2016; Söderström et al.,
2017) of recovery are important for urban mental health, despite
urban changes which very often reduce such possibilities for eco-
nomically precarious people. These findings converge with those
of recent studies in psychology on the role of space in mental
health (McGrath & Reavey, 2018).

Recently, the study of the experience of the city has been com-
plemented by the use of Ecological Momentary Assessment
(EMA; Shiffman, Stone, & Hufford, 2008), which involves the
repeated sampling of current experiences in real-time and real-
world contexts. EMA has high ecological validity because assess-
ments are made in the natural flow of real life and in different
situations, which makes it possible to understand the variability
in mental states in relation to the environment, without explicit
reflection on these relationships from the side of the individual.
Applying EMA, Bakolis et al. (2018) observed that specific natural
features of the built environment (i.e. seeing trees, hearing birds
sing) were associated with higher levels of mental wellbeing,
which lasted for several hours and which was more prominent
in individuals with higher trait impulsivity (Bakolis et al., 2018).
EMA can be enriched with geographically explicit information
(i.e. GEMA; Kirchner & Shiffman, 2016) through combination
with global positioning systems and geographic information sys-
tems. By linking subjective experiences with objective measures
of mobility and place, GEMA can reveal continuous and dynamic
interactions between people and place. For example, focusing on
the relation between location and stress in adolescents, a recent
GEMA study suggested that being around urban green space
was associated with lower stress (Mennis, Mason, & Ambrus,
2018). This may point to the restorative effects of nature experi-
ence, or to the tendency to seek out urban green spaces at
times of lower stress, or explicitly for purposes of stress reduction.
Recent advances in portable neuroimaging greatly enrich the pos-
sibilities to experimentally investigate the neural correlates of
nature and urban encounters, e.g. with mobile EEG devices
while participants walk in urban v. nature environments and
talk about their experiences, an approach which has recently suc-
cessfully been piloted in older individuals (Tilley, Neale, Patuano,
& Cinderby, 2017).

In sum, experience-based studies provide a richness of
quantitative and qualitative detail about the interactions
between contextual characteristics and individual reflexive
experiences. Combined with measures that tap autonomous
nervous system activity, or even brain electrical activity, this
may contribute to a much more fine-grained understanding
of the relation between presence in urban or nature environ-
ments and mental health. These studies are suited to analyse
how combined features of the milieu – constituting ‘the
urban’ – affect people’s experience and less suited to investigate
the effects of isolated risk factors.
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Conclusions and future directions

A vast epidemiological literature has investigated associations
between urbanicity and mental health, linking urban birth,
upbringing and current residency to adverse mental health out-
comes. The fact that urbanicity affects outcome across diagnostic
boundaries suggests that research in this area could benefit from
applying a dimensional rather than a categorical approach to psy-
chopathology (Galea, Uddin, & Koenen, 2011; Johnstone et al.,
2018). This echoes calls from other areas of research into the
causes of psychopathology (Caspi et al., 2014), for example, psy-
chiatric genetics (Selzam, Coleman, Caspi, Moffitt, & Plomin,
2018; State & Levitt, 2011). The epidemiological studies further
indicate that urbanicity is not universally negative (DeVylder
et al., 2018; Jongsma et al., 2018). Mixed findings are emerging
between north and south and high- and middle/low-income
countries. However, comparisons between studies remain difficult
given the variable operationalization of urbanicity in terms of
population density or urban/rural categories (city, town and vil-
lage). Progress in this area comes from studies that characterize
the urban environment in more detail, i.e. not only in terms of
population density, but also in terms of physical and social
dimensions of the urban that may be relevant to mental health.
Interdisciplinary approaches between psychiatry and the social
sciences encourage research to move beyond the limits of epi-
demiology and of urban living reduced to the vague and general
concept of urbanicity and ‘urban stress’ (Söderström, 2019).
These interdisciplinary endeavours do not necessarily have to
erase epistemological differences between the life sciences and
the social sciences. Instead, they may use these differences to
co-create research designs. This may, for example, inspire
human geographers to move beyond social constructivism and
include biological dimensions of mental health (Winz &
Söderström, 2020). It may help epidemiologists and neuroscien-
tists to consider urban life as a series of situational phenomena
that people encounter and actively construct, rather than some-
thing that can be reduced to the notion of ‘exposure’ to an invari-
able environment (Söderström, 2019).

Neuroscientific studies use these insights to elucidate the
neurobiological pathways that mediate the effects associated
with these specific physical and social components of urban life.
Although this literature is still in its infancy, studies have identi-
fied candidate brain phenotypes that offer initial neurobiological
support for associations between urban factors and structure
and function of several brain areas, including networks associated
with stress and emotion processing and regulation.

Experimental studies may buttress the correlational findings
from epidemiological and neuroscientific approaches by enabling
causal inferences through randomized controlled designs. Studies
using this approach have shown beneficial effects of nature com-
pared to the urban experience, and negative effects of deprived
and busy urban environments. These studies may be further
enriched by experience-based approaches that focus on in situ
experience of the environment and capitalize on the notion that
the way the city is lived is key to understanding the psychological
and physiological responses it elicits. However, not all urban phe-
nomena are suitable for experimental manipulation in humans
(e.g. pollution), or open to introspective evaluation (e.g. immune
function). In addition, experimental and experience-based studies
are limited for the time being to outcomes that show immediate
effects (i.e. changes in physiological and psychological parameters
of stress, wellbeing, cognition), and whether these immediate

effects translate to the effects of long-term urban living remains
an open question. Environmental epigenetics suggest that urban
characteristics (e.g. stress through exposure to pollution or social
density) biochemically influence the phenotypical development
and might help to understand delayed temporality and interge-
nerational urban effects in future research (Guthman &
Mansfield, 2012).

Urbanicity effects are complex and while it is clear that there is
no silver bullet, together these studies highlight the need for
multi-method interdisciplinary collaborations to elucidate mul-
tiple interacting pathways and reciprocal relations of the urbani-
city–mental health conundrum. This review largely focused on
contributions from psychiatric epidemiology, experimental stud-
ies and neuroscience to the understanding of urbanicity effects
on mental health, and illustrated how other disciplines, which
aim to understand urban life and its effects on humans, such as
sociology, anthropology, urban planning or geography, will be
important in future research collaborations and to create urban
spaces that influence mental health positively (Baumann et al.,
2019). Understanding urbanicity effects requires a complex sys-
tem approach to model multiple interacting processes at individ-
ual and social levels (Galea, Riddle, & Kaplan, 2010). Specifically,
agent-based models (ABM) are computer simulations which
allow multiple interactions at the level of the individual or the
agent (e.g. biological and behavioural characteristics, SES) and
social factors (e.g. neighbourhood social and physical characteris-
tics, mental health service facilities), that aggregate to create unex-
pected patterns of population health (Tracy, Cerdá, & Keyes,
2018). ABM allow researchers to investigate how specific interac-
tions between individuals generate a collective pattern and may be
particularly helpful to model the effect of interventions that can-
not easily be investigated experimentally in the real world. For
example, Yang, Diez Roux, Auchincloss, Rodriguez, and Brown
(2011) used ABM to model walking behaviour in a city as a func-
tion of individual and environmental characteristics, and to

Box 3. Directions for future research

• Variation in risk for different disorders, by time of urbanicity
exposure, and geographic region warrants further research that
would benefit from a trans-diagnostic approach

• Neuro-physiological effects of the immediate exposure to
unpleasant and pleasant nature v. urban environments should
be studied in experience-based or neuroscience settings, to
overcome limitations of correlational evidence

• Effects of social urban stressors can be further scrutinized using;
e.g. social neuroscience paradigms or portable
Electroencephalography (EEG) to assess effects on the brain and
physiological, as well as psychological indices of stress

• A wider and more systematic utilization of (geographically
enriched) Ecological Momentary Assessment and mobile EEG will
help to pinpoint immediate effects of person-by-place
interactions in urban and rural environments

• Experimental studies in humans are not possible to study
pollution, but more systematic investigations of health outcomes
depending on the duration of exposure to toxins, as well as toxin
concentration are possible and needed

• Approaches using agent-based-modelling will aid the
understanding of multiple interacting urban factors on mental
health
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investigate the effects of potential interventions at the individual
and city level. ABM may also be used to model the effects of
simulated scenarios (e.g. specific individual or environmental
interventions) and examine outcomes of these interventions
under different conditions. There is still much conceptual and
methodological work to be done to successfully apply ABM to
urban mental health, for example, in finding the balance between
simplified and realistic models, and in estimating the model para-
meters using the available empirical data. However, epidemio-
logical, neuroscientific, experimental and experience-based
approaches may together with computational modelling advance
our understanding of the impact of the metropolis on mental
health, and ultimately develop evidence-based interventions
towards a healthy environment (see Box 3).

Financial support. Professor Lydia Krabbendam is supported by an ERC
Consolidator grant (648082 SCANS). Dr Anne-Kathrin Fett was supported
by a NARSAD Young Investigator Grant from the Brain & Behaviour research
Foundation (24138). Professor Philippe Conus, Professor Ola Söderström and
Lilit Abrahamyan Empson are supported by a grant of the Swiss National
Science Foundation (CR13I1_153320).

References

Adli, M., Berger, M., Brakemeier, E. L., Engel, L., Fingerhut, J.,
Gomez-Carrillo, A., … Tolaas, S. (2017). Neurourbanism: Towards a new
discipline. The Lancet. Psychiatry 4(3), 183–185.

Akdeniz, C., Schäfer, A., Streit, F., Haller, L., Wüst, S., Kirsch, P., …
Meyer-Lindenberg, A. (2017). Sex-dependent association of perigenual
anterior cingulate cortex volume and migration background, an environ-
mental risk factor for schizophrenia. Schizophrenia Bulletin, 43, 925–934.

Alcock, I., White, M. P., Wheeler, B. W., Fleming, L. E., & Depledge, M. H.
(2014). Longitudinal effects on mental health of moving to greener and
less green urban areas. Environmental Science & Technology, 48, 1247–1255.

Anglin, D. M., Lui, F., Espinosa, A., Tikhonov, A., & Ellman, L. (2018). Ethnic
identity, racial discrimination and attenuated psychotic symptoms in an
urban population of emerging adults. Early intervention in Psychiatry, 12,
380–390.

Attademo, L., & Bernardini, F. (2017). Air pollution and urbanicity: Common
risk factors for dementia and schizophrenia? Lancet Planet Health, 1, e90–e91.

Attademo, L., Bernardini, F., Garinella, R., & Compton, M. T. (2017).
Environmental pollution and risk of psychotic disorders: A review of the
science to date. Schizophrenia Research, 181, 55–59.

Bakolis, I., Hammoud, R., Smythe, M., Gibbons, J., Davidson, N., Tognin, S., &
Mechelli, A. (2018). Urban mind: Using smartphone technologies to inves-
tigate the impact of nature on mental well-being in real time. BioScience, 68,
134–145.

Banay Rachel, F., James, P., Hart Jaime, E., Kubzansky Laura, D., Spiegelman,
D., Okereke Olivia, I., … & Laden, F. (2019). Greenness and depression
incidence among older women. Environmental Health Perspectives, 127,
027001. doi: 10.1289/EHP1229.

Barton, J., & Pretty, J. (2010). What is the best dose of nature and green exer-
cise for improving mental health? A multi-study analysis. Environmental
Science & Technology, 44, 3947–3955.

Baumann, P. S., Söderström, O., Empson, L. A., Söderström, D., Codeluppi, Z.,
Golay, P.,… Conus, P. (2020). Urban remediation: A new recovery-oriented
strategy to manage urban stress after first-episode psychosis. Social
Psychiatry and Psychiatric Epidemiology, 55, 273-283.

Berman, M. G., Kross, E., Krpan, K. M., Askren, M. K., Burson, A., Deldin, P. J.,
… Jonides, J. (2012). Interacting with nature improves cognition and affect
for individuals with depression. Journal of Affective Disorders, 140, 300–305.

Berto, R. (2014). The role of nature in coping with psycho-physiological stress:
A literature review on restorativeness. Behavioral Sciences, 4, 394–409.

Besteher, B., Gaser, C., Spalthoff, R., & Nenadić, I. (2017). Associations
between urban upbringing and cortical thickness and gyrification. Journal
of Psychiatric Research, 95, 114–120.

Bhugra, D. (2004). Migration and mental health. Acta Psychiatrica
Scandinavica, 109, 243–258.

Binbay, T., Drukker, M., Alptekin, K., Elbi, H., Tanık, F. A., Özkınay, F.,… van
Os, J. (2012). Evidence that the wider social environment moderates the
association between familial liability and psychosis spectrum outcome.
Psychological Medicine, 42, 2499–2510.

Bister, M., Klausner, M., & Niewöhner, J. (2016). The cosmopolitics of ‘nich-
ing’. Rendering the city habitable along infrastructures of mental health
care. In A. Blok and I. Farías (Eds.), Urban cosmopolitics. Agencements,
assemblies, atmospheres (pp. 187–206). New York: Routledge.

Blumenthal, S. J., & Kagen, J. (2002). The effects of socioeconomic status on
health in rural and urban America. Jama, 287, 109–109.

Boers, S., Hagoort, K., Scheepers, F., & Helbich, M. (2018). Does residential
green and blue space promote recovery in psychotic disorders? A cross-
sectional study in the province of Utrecht, The Netherlands. International
Journal of Environmental Research and Public Health, 15, 2195.

Bowler, D. E., Buyung-Ali, L. M., Knight, T. M., & Pullin, A. S. (2010). A sys-
tematic review of evidence for the added benefits to health of exposure to
natural environments. BMC Public Health, 10, 456.

Bratman, G. N., Hamilton, J. P., & Daily, G. C. (2012). The impacts of nature
experience on human cognitive function and mental health. Annals of the
New York Academy of Sciences, 1249, 118–136.

Bratman, G. N., Hamilton, J. P., Hahn, K. S., Daily, G. C., & Gross, J. J. (2015).
Nature experience reduces rumination and subgenual prefrontal cortex acti-
vation. Proceedings of the National Academy of Sciences, 112, 8567–8572.

Brown, D. K., Barton, J. L., & Gladwell, V. F. (2013). Viewing nature scenes
positively affects recovery of autonomic function following acute-mental
stress. Environmental Science & Technology, 47, 5562–5569.

Buoli, M., Grassi, S., Caldiroli, A., Carnevali, G. S., Mucci, F., Iodice, S., …
Bollati, V. (2018). Is there a link between air pollution and mental disor-
ders? Environment International, 118, 154–168.

Cantor-Graae, E., & Pedersen, C. B. (2013). Full spectrum of psychiatric dis-
orders related to foreign migration: A Danish population-based cohort
study. JAMA Psychiatry, 70, 427–435.

Caspi, A., Houts, R. M., Belsky, D. W., Goldman-Mellor, S. J., Harrington, H.,
Israel, S., … Moffitt, T. E. (2014). The p factor: One general psychopath-
ology factor in the structure of psychiatric disorders? Clinical
Psychological Science, 2, 119–137.

Castillejos, M., Martín-Pérez, C., & Moreno-Küstner, B. (2018). A systematic
review and meta-analysis of the incidence of psychotic disorders: The dis-
tribution of rates and the influence of gender, urbanicity, immigration
and socio-economic level. Psychological Medicine, 48, 2101–2115.

Cesaroni, G., Badaloni, C., Romano, V., Donato, E., Perucci, C. A., &
Forastiere, F. (2010). Socioeconomic position and health status of people
who live near busy roads: The Rome Longitudinal Study (RoLS).
Environmental Health, 9, 41.

Colodro-Conde, L., Couvy-Duchesne, B., Whitfield, J. B., Streit, F., Gordon, S.,
Kemper, K. E., … De Zeeuw, E. L. (2018). Association between population
density and genetic risk for schizophrenia. JAMA Psychiatry, 75, 901–910.

Corcoran, R., Mansfield, R., de Bezenac, C., Anderson, E., Overbury, K., &
Marshall, G. (2018). Perceived neighbourhood affluence, mental health
and wellbeing influence judgements of threat and trust on our streets: An
urban walking study. PLoS ONE, 13, e0202412.

Corcoran, R., Mansfield, R., Giokas, T., Hawkins, A., Bamford, L., & Marshall,
G. (2017). Places change minds: Exploring the psychology of urbanicity
using a brief contemplation method. SAGE Open, 7, 2158244017707004.

Cresswell, T. (2014). Place: An introduction. Chichester: John Wiley & Sons.
Dadvand, P., Pujol, J., Macià, D., Martínez-Vilavella, G., Blanco-Hinojo, L.,

Mortamais, M., … Sunyer, J. (2018). The association between lifelong green-
space exposure and 3-dimensional brain magnetic resonance imaging in
Barcelona schoolchildren. Environmental Health Perspectives, 126, 027012.

De Silva, M. J., McKenzie, K., Harpham, T., & Huttly, S. R. (2005). Social cap-
ital and mental illness: A systematic review. Journal of Epidemiology &
Community Health, 59, 619–627.

de Vries, S., ten Have, M., van Dorsselaer, S., van Wezep, M., Hermans, T., &
de Graaf, R. (2016). Local availability of green and blue space and preva-
lence of common mental disorders in the Netherlands. BJPsych Open, 2,
366–372.

1106 Lydia Krabbendam et al.

https://doi.org/10.1017/S0033291720000355 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720000355


DeVylder, J. E., Kelleher, I., Lalane, M., Oh, H., Link, B. G., & Koyanagi, A.
(2018). Association of urbanicity with psychosis in low- and middle-income
countries. JAMA Psychiatry, 75, 678–686.

Drukker, M., Krabbendam, L., Driessen, G., & van Os, J. (2006). Social disad-
vantage and schizophrenia. Social Psychiatry and Psychiatric Epidemiology,
41, 595–604.

Duff, C. (2016). Atmospheres of recovery: Assemblages of health. Environment
and Planning A, 48, 58–74.

Dzhambov, A., & Dimitrova, D. (2014). Neighborhood noise pollution as a
determinant of displaced aggression: A pilot study. Noise and Health, 16, 95.

Ebisu, K., Holford, T. R., & Bell, M. L. (2016). Association between greenness,
urbanicity, and birth weight. Science of The Total Environment, 542, 750–
756.

Ehsan, A. M., & De Silva, M. J. (2015). Social capital and common mental dis-
order: A systematic review. Journal of Epidemiology & Community Health,
69, 1021–1028.

Ellett, L., Freeman, D., & Garety, P. A. (2008). The psychological effect of an
urban environment on individuals with persecutory delusions: The
Camberwell walk study. Schizophrenia Research, 99, 77–84.

Engemann, K., Pedersen, C. B., Arge, L., Tsirogiannis, C., Mortensen, P. B., &
Svenning, J. C. (2018). Childhood exposure to green space – A novel risk-
decreasing mechanism for schizophrenia? Schizophrenia Research, 199,
142–148.

Eurostat. (2016). Urban Europe: statistics on cities, towns and suburbs.
Chapter 12: Poverty and social exclusion in cities. In Koceva MM,
Brandmüller T, Lupu I, Önnerfors Å, Corselli-Nordblad L, Coyette C, et
al., (eds). Luxembourg: Publications Office of the European Union.

Farah, M. J. (2017). The neuroscience of socioeconomic status: Correlates,
causes, and consequences. Neuron, 96, 56–71.

Fong, K. C., Hart, J. E., & James, P. (2018). A review of epidemiologic studies
on greenness and health: Updated literature through 2017. Current
Environmental Health Reports, 5, 77–87.

Fonken, L. K., Xu, X., Weil, Z. M., Chen, G., Sun, Q., Rajagopalan, S., &
Nelson, R. J. (2011). Air pollution impairs cognition, provokes depressive-
like behaviors and alters hippocampal cytokine expression and morphology.
Molecular Psychiatry, 16, 987–995.

Freeman, D., Emsley, R., Dunn, G., Fowler, D., Bebbington, P., Kuipers, E., …
Garety, P. (2014). The stress of the street for patients with persecutory delu-
sions: A test of the symptomatic and psychological effects of going outside
into a busy urban area. Schizophrenia Bulletin, 41, 971–979.

Frissen, A., van Os, J., Lieverse, R., Habets, P., Gronenschild, E., & Marcelis, M.
(2017). No evidence of association between childhood urban
environment and cortical thinning in psychotic disorder. PLoS ONE, 12,
e0166651.

Frissen, A., van Os, J., Peeters, S., Gronenschild, E., & Marcelis, M. (2018).
Evidence that reduced gray matter volume in psychotic disorder is asso-
ciated with exposure to environmental risk factors. Psychiatry Research:
Neuroimaging, 271, 100–110.

Galea, S. (2011). The urban brain: New directions in research exploring the
relation between cities and mood–anxiety disorders. Depression and
Anxiety, 28, 857–862.

Galea, S., Ahern, J., Nandi, A., Tracy, M., Beard, J., & Vlahov, D. (2007). Urban
neighborhood poverty and the incidence of depression in a population-
based cohort study. Annals of Epidemiology, 17, 171–179.

Galea, S., Riddle, M., & Kaplan, G. A. (2010). Causal thinking and complex
system approaches in epidemiology. International Journal of
Epidemiology, 39, 97–106.

Galea, S., Uddin, M., & Koenen, K. (2011). The urban environment and men-
tal disorders: Epigenetic links. Epigenetics, 6, 400–404.

Galea, S., & Vlahov, D. (2005). Urban health: Evidence, challenges, and direc-
tions. Annual Review of Public Health, 26, 341–365.

Gascon, M., Triguero-Mas, M., Martinez, D., Dadvand, P., Forns, J., Plasencia, A.,
& Nieuwenhuijsen, M. J. (2015). Mental health benefits of long-term exposure
to residential green and blue spaces: A systematic review. International Journal
of Environmental Research and Public Health, 12, 4354–4379.

Gerin, M. I., Hanson, E., Viding, E., & McCrory, E. J. (2019). A review of child-
hood maltreatment, latent vulnerability and the brain: Implications for
clinical practice and prevention. Adoption & Fostering, 43, 310–328.

Goines, L., & Hagler, L. (2007). Noise pollution: A modem plague. Southern
Medical Journal, 100, 287–294.

Gong, Y., Palmer, S., Gallacher, J., Marsden, T., & Fone, D. (2016). A systematic
review of the relationship between objective measurements of the urban envir-
onment and psychological distress. Environment International, 96, 48–57.

Gouin, M., Flamant, C., Gascoin, G., Rouger, V., Florin, A., Guimard, P., …
Hanf, M. (2015). The association of urbanicity with cognitive development
at five years of age in preterm children. PLoS ONE, 10, e0131749.

Green, M. F., Horan, W. P., & Lee, J. (2015). Social cognition in schizophrenia.
Nature Reviews Neuroscience, 16, 620.

Guloksuz, S., Pries, L. K., Delespaul, P., Kenis, G., Luykx, J. J., Lin, B. D., …
van Os, J. (2019). Examining the independent and joint effects of molecular
genetic liability and environmental exposures in schizophrenia: Results
from the EUGEI study. World Psychiatry, 18, 173–182.

Guthman, J., & Mansfield, B. (2012). The implications of environmental epi-
genetics: A new direction for geographic inquiry on health, space, and
nature-society relations. Progress in Human Geography, 37, 486–504.

Haddad, L., Schäfer, A., Streit, F., Lederbogen, F., Grimm, O., Wüst, S., …
Meyer-Lindenberg, A. (2015). Brain structure correlates of urban upbring-
ing, an environmental risk factor for schizophrenia. Schizophrenia Bulletin,
41, 115–122.

Heinz, A., Deserno, L., & Reininghaus, U. (2013). Urbanicity, social adversity
and psychosis. World Psychiatry, 12, 187–197.

James, P., Banay, R. F., Hart, J. E., & Laden, F. (2015). A review of the health
benefits of greenness. Current Epidemiology Reports, 2, 131–142.

Johnstone, L., Boyle, M., Cromby, J., Dillon, J., Harper, D., Kinderman, P., …
Read, J. (2018). The power threat meaning framework: Towards the identifi-
cation of patterns in emotional distress, unusual experiences and troubled or
troubling behaviour, as an alternative to functional psychiatric diagnosis.
Leicester: British Psychological Society.

Jongsma, H. E., Gayer-Anderson, C., Lasalvia, A., Quattrone, D., Mulè, A.,
Szöke, A., … Cristofalo, D. (2018). Treated incidence of psychotic disorders
in the multinational EU-GEI study. JAMA Psychiatry, 75, 36–46.

Kaplan, R., & Kaplan, S. (1989). The experience of nature: A psychological per-
spective. Cambridge, New York: Cambridge University Press.

Kellert, S. R., & Wilson, E. O. (1993). The biophilia hypothesis. Washington
DC: Island Press.

Kelly, B. D., O’Callaghan, E., Waddington, J. L., Feeney, L., Browne, S., Scully,
P. J., … Larkin, C. (2010). Schizophrenia and the city: A review of literature
and prospective study of psychosis and urbanicity in Ireland. Schizophrenia
Research, 116, 75–89.

Kennedy, D. P., Gläscher, J., Tyszka, J. M., & Adolphs, R. (2009). Personal space
regulation by the human amygdala. Nature Neuroscience, 12, 1226–1227.

Kirchner, T. R., & Shiffman, S. (2016). Spatio-temporal determinants of mental
health and well-being: Advances in geographically-explicit ecological
momentary assessment (GEMA). Social Psychiatry and Psychiatric
Epidemiology, 51, 1211–1223.

Kirkbride, J. B., Hameed, Y., Ioannidis, K., Ankireddypalli, G., Crane, C. M.,
Nasir, M.,… Jones, P. B. (2017). Ethnic minority status, age-at-immigration
and psychosis risk in rural environments: Evidence from the SEPEA study.
Schizophrenia Bulletin, 43, 1251–1261.

Kishida, K. T., Yang, D., Quartz, K. H., Quartz, S. R., & Montague, P. R. (2012).
Implicit signals in small group settings and their impact on the expression of
cognitive capacity and associated brain responses. Philosophical transactions
of the Royal Society of London. Series B, Biological Sciences, 367, 704–716.

Krabbendam, L., & Van Os, J. (2005). Schizophrenia and urbanicity: A major
environmental influence – conditional on genetic risk. Schizophrenia
Bulletin, 31, 795–799.

Krämer, B., Diekhof, E. K., & Gruber, O. (2017). Effects of city living on the
mesolimbic reward system – An fmri study. Human Brain Mapping, 38,
3444–3453.

Kuepper, R., van Os, J., Lieb, R., Wittchen, H. U., & Henquet, C. (2011). Do
cannabis and urbanicity co-participate in causing psychosis? Evidence from
a 10–year follow-up cohort study. Psychological Medicine, 41, 2121–2129.

Kühn, S., Düzel, S., Eibich, P., Krekel, C., Wüstemann, H., Kolbe, J., …
Lindenberger, U. (2017). In search of features that constitute an ‘enriched
environment’ in humans: Associations between geographical properties
and brain structure. Scientific Reports, 7, 11920.

Psychological Medicine 1107

https://doi.org/10.1017/S0033291720000355 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720000355


Kuo, M. (2015). How might contact with nature promote human health?
Promising mechanisms and a possible central pathway. Frontiers in
Psychology, 6, 1093.

Lammeyer, S., Dietsche, B., Dannlowski, U., Kircher, T., & Krug, A. (2019).
Evidence of brain network aberration in healthy subjects with urban
upbringing – A multimodal DTI and VBM study. Schizophrenia
Research 208, 133-137.

Laurent, O., Bard, D., Filleul, L., & Segala, C. (2007). Effect of socioeconomic
status on the relationship between atmospheric pollution and mortality.
Journal of Epidemiology & Community Health, 61, 665–675.

Lauritsen, M. B., Astrup, A., Pedersen, C. B., Obel, C., Schendel, D. E., Schieve,
L., … Parner, E. T. (2014). Urbanicity and autism spectrum disorders.
Journal of Autism and Developmental Disorders, 44, 394–404.

Lederbogen, F., Kirsch, P., Haddad, L., Streit, F., Tost, H., Schuch, P., …
Deuschle, M. (2011). City living and urban upbringing affect neural social
stress processing in humans. Nature, 474, 498–501.

Lee, A. C. K., & Maheswaran, R. (2010). The health benefits of urban
green spaces: A review of the evidence. Journal of Public Health, 33,
212–222.

Levesque, S., Surace, M. J., McDonald, J., & Block, M. L. (2011). Air pollution
& the brain: Subchronic diesel exhaust exposure causes neuroinflammation
and elevates early markers of neurodegenerative disease. Journal of
Neuroinflammation, 8, 105.

Li, Q., Otsuka, T., Kobayashi, M., Wakayama, Y., Inagaki, H., Katsumata, M., …
Kagawa, T. (2011). Acute effects of walking in forest environments on cardio-
vascular and metabolic parameters. European Journal of Applied Physiology,
111, 2845–2853.

Li, N. P., van Vugt, M., & Colarelli, S. M. (2017). The evolutionary mismatch
hypothesis: Implications for psychological science. Current Directions in
Psychological Science, 27, 38–44.

Loret de Mola, C., Stanojevic, S., Ruiz, P., Gilman, R. H., Smeeth, L., &
Miranda, J. J. (2012). The effect of rural-to-urban migration on social cap-
ital and common mental disorders: PERU MIGRANT study. Social
Psychiatry and Psychiatric Epidemiology, 47, 967–973.

Maas, J., van Dillen, S. M. E., Verheij, R. A., & Groenewegen, P. P. (2009).
Social contacts as a possible mechanism behind the relation between
green space and health. Health & Place, 15, 586–595.

Marcelis, M., Navarro-Mateu, F., Murray, R., Selten, J. P., & Van Os, J. (1998).
Urbanization and psychosis: A study of 1942–1978 birth cohorts in The
Netherlands. Psychological Medicine, 28, 871–879.

March, D., Hatch, S. L., Morgan, C., Kirkbride, J. B., Bresnahan, M., Fearon, P.,
& Susser, E. (2008). Psychosis and place. Epidemiologic Reviews, 30, 84–100.

Mayer, F. S., Frantz, C. M., Bruehlman-Senecal, E., & Dolliver, K. (2008). Why
is nature beneficial?: The role of connectedness to nature. Environment and
Behavior, 41, 607–643.

McCutcheon, R. A., Bloomfield, M. A. P., Dahoun, T., Mehta, M., & Howes, O.
D. (2019). Chronic psychosocial stressors are associated with alterations in
salience processing and corticostriatal connectivity. Schizophrenia Research,
213, 56–64.

McDermott, C. L., Seidlitz, J., Nadig, A., Liu, S., Clasen, L. S., Blumenthal, J. D.,…
Raznahan, A. (2019). Longitudinally mapping childhood socioeconomic status
associations with cortical and subcortical morphology. The Journal of
Neuroscience, 39, 1365.

McGrath, L., & Reavey, P. (2018). The handbook of mental health and space:
Community and clinical applications. Oxon, New York: Routledge.

McKenzie, K. (2008). Urbanization, social capital and mental health. Global
Social Policy, 8, 359–377.

Mennis, J., Mason, M., & Ambrus, A. (2018). Urban greenspace is associated
with reduced psychological stress among adolescents: A Geographic
Ecological Momentary Assessment (GEMA) analysis of activity space.
Landscape and Urban Planning, 174, 1–9.

Meyer-Lindenberg, A., & Tost, H. (2012). Neural mechanisms of social risk for
psychiatric disorders. Nature Neuroscience, 15, 663–668.

Miles, R., Coutts, C., & Mohamadi, A. (2012). Neighborhood urban form,
social environment, and depression. Journal of Urban Health: Bulletin of
the New York Academy of Medicine, 89, 1–18.

Mitchison, D., & Hay, P. J. (2014). The epidemiology of eating disorders:
Genetic, environmental, and societal factors. Clinical Epidemiology, 6, 89.

Morgan, C., Reininghaus, U., Reichenberg, A., Frissa, S., team, S. E. s., Hotopf,
M., & Hatch, S. L. (2014). Adversity, cannabis use and psychotic experi-
ences: Evidence of cumulative and synergistic effects. The British Journal
of Psychiatry: The Journal of Mental Science 204, 346–353.

Mothersill, O., & Donohoe, G. (2016). Neural effects of social environmental
stress – an activation likelihood estimation meta-analysis. Psychological
Medicine, 46, 2015–2023.

Mulders-Jones, B., Mitchison, D., Girosi, F., & Hay, P. (2017). Socioeconomic
correlates of eating disorder symptoms in an Australian population-based
sample. PLoS ONE, 12, e0170603.

Myin-Germeys, I., Delespaul, P., & Van Os, J. (2005). Behavioural sensitization
to daily life stress in psychosis. Psychological Medicine, 35, 733–741.

Nettle, D., Pepper, G. V., Jobling, R., & Schroeder, K. B. (2014). Being there: A
brief visit to a neighbourhood induces the social attitudes of that neighbour-
hood. PeerJ, 2, e236.

Newbury, J. B., Arseneault, L., Beevers, S., Kitwiroon, N., Roberts, S., Pariante,
C. M., … Fisher, H. L. (2019). Association of air pollution exposure with
psychotic experiences during adolescence. JAMA Psychiatry. 76, 614-623.

Newbury, J., Arseneault, L., Caspi, A., Moffitt, T. E., Odgers, C. L., & Fisher, H.
L. (2018). Cumulative effects of neighborhood social adversity and personal
crime victimization on adolescent psychotic experiences. Schizophrenia
Bulletin, 44, 348–358.

Noble, K. G., Houston, S. M., Brito, N. H., Bartsch, H., Kan, E., Kuperman, J.
M., … Libiger, O. (2015). Family income, parental education and brain
structure in children and adolescents. Nature Neuroscience, 18, 773.

O’donoghue, B., Lyne, J., Renwick, L., Lane, A., Madigan, K., Staines, A., …
Clarke, M. (2016). Neighbourhood characteristics and the incidence of first-
episode psychosis and duration of untreated psychosis. Psychological
Medicine, 46, 1367–1378.

Ohly, H., White, M. P., Wheeler, B. W., Bethel, A., Ukoumunne, O. C.,
Nikolaou, V., & Garside, R. (2016). Attention restoration theory: A system-
atic review of the attention restoration potential of exposure to natural
environments. Journal of Toxicology and Environmental Health, Part B,
19, 305–343.

Ohrstrom, E. (2004). Longitudinal surveys on effects of changes in road traffic
noise-annoyance, activity disturbances, and psycho-social well-being.
Journal of the Acoustical Society of America, 115, 719–729.

Paksarian, D., Trabjerg, B. B., Merikangas, K. R., Mors, O., Børglum, A. D.,
Hougaard, D. M., … Agerbo, E. (2018). The role of genetic liability in
the association of urbanicity at birth and during upbringing with schizo-
phrenia in Denmark. Psychological Medicine, 48, 305–314.

Palomero-Gallagher, N., Hoffstaedter, F., Mohlberg, H., Eickhoff, S. B.,
Amunts, K., & Zilles, K. (2018). Human pregenual anterior cingulate cortex:
Structural, functional, and connectional heterogeneity. Cerebral Cortex, 29,
2552–2574.

Park, B. J., Tsunetsugu, Y., Kasetani, T., Kagawa, T., & Miyazaki, Y. (2010). The
physiological effects of Shinrin-yoku (taking in the forest atmosphere or
forest bathing): Evidence from field experiments in 24 forests across
Japan. Environmental Health and Preventive Medicine, 15, 18–26.

Pedersen, C. B., & Mortensen, P. B. (2006). Urbanicity during upbringing and
bipolar affective disorders in Denmark. Bipolar Disorders, 8, 242–247.

Peen, J., Schoevers, R. A., Beekman, A. T., & Dekker, J. (2010). The current
status of urban-rural differences in psychiatric disorders. Acta
Psychiatrica Scandinavica, 121, 84–93.

Peeters, S. C., van de Ven, V., Gronenschild, E. H. M., Patel, A. X., Habets, P.,
Goebel, R., … Marcelis, M. (2015). Default mode network connectivity as a
function of familial and environmental risk for psychotic disorder. PLoS
ONE, 10, e0120030.

Penkalla, A. M., & Kohler, S. (2014). Urbanicity and mental health in Europe:
A systematic review. European Journal of Mental Health, 9, 163.

Pretty, J., Peacock, J., Sellens, M., & Griffin, M. (2005). The mental and phys-
ical health outcomes of green exercise. International Journal of
Environmental Health Research, 15, 319–337.

Price, C., Dalman, C., Zammit, S., & Kirkbride, J. B. (2018). Association of
residential mobility over the life course with nonaffective psychosis in 1.4
million young people in Sweden. JAMA Psychiatry, 75, 1128–1136.

Pujol, J., Martínez-Vilavella, G., Macià, D., Fenoll, R., Alvarez-Pedrerol, M.,
Rivas, I., … Querol, X. (2016). Traffic pollution exposure is associated

1108 Lydia Krabbendam et al.

https://doi.org/10.1017/S0033291720000355 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720000355


with altered brain connectivity in school children. Neuroimage, 129, 175–
184.

Rapp, M. A., Kluge, U., Penka, S., Vardar, A., Aichberger, M. C., Mundt, A. P.,…
Heinz, A. (2015). When local poverty is more important than your income:
Mental health in minorities in inner cities. World Psychiatry, 14, 249–250.

Rautio, N., Filatova, S., Lehtiniemi, H., & Miettunen, J. (2018). Living environ-
ment and its relationship to depressive mood: A systematic review.
International Journal of Social Psychiatry, 64, 92–103.

Reed, J. L., D’Ambrosio, E., Marenco, S., Ursini, G., Zheutlin, A. B., Blasi, G.,
… Callicott, J. H. (2018). Interaction of childhood urbanicity and variation
in dopamine genes alters adult prefrontal function as measured by func-
tional magnetic resonance imaging (fMRI). PLoS ONE, 13, e0195189.

Rook, G. A. (2013). Regulation of the immune system by biodiversity from the
natural environment: An ecosystem service essential to health. Proceedings
of the National Academy of Sciences, 110, 18360–18367.

Rook, G. A., Lowry, C. A., & Raison, C. L. (2013). Microbial ‘Old Friends’,
immunoregulation and stress resilience. Evolution, Medicine, and Public
Health, 2013, 46–64.

Sariaslan, A., Fazel, S., D’Onofrio, B. M., Langstrom, N., Larsson, H., Bergen, S.
E., … Lichtenstein, P. (2016). Schizophrenia and subsequent neighborhood
deprivation: Revisiting the social drift hypothesis using population, twin
and molecular genetic data. Translational Psychiatry, 6, e796.

Schofield, P., Thygesen, M., Das-Munshi, J., Becares, L., Cantor-Graae, E.,
Pedersen, C., & Agerbo, E. (2017). Ethnic density, urbanicity and psychosis
risk for migrant groups – A population cohort study. Schizophrenia
Research, 190, 82–87.

Selten, J.-P., & Cantor-Graae, E. (2005). Social defeat: Risk factor for schizo-
phrenia? The British Journal of Psychiatry, 187, 101–102.

Selten, J.-P., van der Ven, E., Rutten, B. P., & Cantor-Graae, E. (2013). The
social defeat hypothesis of schizophrenia: An update. Schizophrenia
Bulletin, 39, 1180–1186.

Selzam, S., Coleman, J. R., Caspi, A., Moffitt, T. E., & Plomin, R. (2018). A
polygenic p factor for major psychiatric disorders. Translational
Psychiatry, 8, 205.

Seresinhe, C. I., Preis, T., MacKerron, G., & Moat, H. S. (2019). Happiness is
greater in more scenic locations. Scientific Reports, 9, 4498.

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological momentary
assessment. Annual Review of Clinical Psychology, 4, 1–32.

Söderström, O. (2019). Precarious encounters with urban life: The city/psych-
osis nexus beyond epidemiology and social constructivism. Geoforum;
Journal of Physical, Human, and Regional Geosciences, 101, 80–89.

Söderström, O., Empson, L. A., Codeluppi, Z., Söderström, D., Baumann, P. S.,
& Conus, P. (2016). Unpacking ‘the City’: An experience-based approach to
the role of urban living in psychosis. Health & Place, 42, 104–110.

Söderström, O., Söderström, D., Codeluppi, Z., Empson, L. A., & Conus, P.
(2017). Emplacing recovery: How persons diagnosed with psychosis handle
stress in cities. Psychosis, 9, 322–329.

State, M. W., & Levitt, P. (2011). The conundrums of understanding genetic
risks for autism spectrum disorders. Nature Neuroscience, 14, 1499.

Steinheuser, V., Ackermann, K., Schonfeld, P., & Schwabe, L. (2014). Stress
and the city: Impact of urban upbringing on the (re)activity of the
hypothalamus-pituitary-adrenal axis. Psychosomatic Medicine, 76,
678–685.

Stevens, F. L., Hurley, R. A., & Taber, K. H. (2011). Anterior cingulate cortex:
Unique role in cognition and emotion. The Journal of Neuropsychiatry and
Clinical Neurosciences, 23, 121–125.

Streit, F., Haddad, L., Paul, T., Frank, J., Schäfer, A., Nikitopoulos, J., … Witt,
S. (2014). A functional variant in the neuropeptide S receptor 1 gene mod-
erates the influence of urban upbringing on stress processing in the amyg-
dala. Stress (Amsterdam, Netherlands), 17, 352–361.

Tilley, S., Neale, C., Patuano, A., & Cinderby, S. (2017). Older people’s experi-
ences of mobility and mood in an urban environment: A mixed methods
approach using electroencephalography (EEG) and interviews. International
Journal of Environmental Research and Public Health, 14, pii: E151.

Toulopoulou, T., Picchioni, M., Mortensen, P. B., & Petersen, L. (2017). IQ, the
urban environment, and their impact on future schizophrenia risk in men.
Schizophrenia Bulletin, 43, 1056–1063.

Tracy, M., Cerdá, M., & Keyes, K. M. (2018). Agent-based modeling in public
health: Current applications and future directions. Annual Review of Public
Health, 39, 77–94.

Twohig-Bennett, C., & Jones, A. (2018). The health benefits of the great out-
doors: A systematic review and meta-analysis of greenspace exposure and
health outcomes. Environmental Research, 166, 628–637.

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & Zelson, M.
(1991). Stress recovery during exposure to natural and urban environments.
Journal of Environmental Psychology, 11, 201–230.

United Nations, Department of Economic and Social Affairs, Population
Division (2019). World Urbanization Prospects: The 2018 Revision (ST/
ESA/SER.A/420). New York: United Nations.

Valmaggia, L. R., Day, F., & Rus-Calafell, M. (2016). Using virtual reality to
investigate psychological processes and mechanisms associated with the
onset and maintenance of psychosis: A systematic review. Social
Psychiatry and Psychiatric Epidemiology, 51, 921–936.

Van Den Berg, M, Van Poppel, M, Van Kamp, I, Andrusaityte, S, Balseviciene,
B, Cirach, M, & Smith, G. (2016). Visiting green space is associated with
mental health and vitality: A cross-sectional study in four european cities.
Health &place, 38, 8–15.

van den Berg, M., Wendel-Vos, W., van Poppel, M., Kemper, H., van
Mechelen, W., & Maas, J. (2015). Health benefits of green spaces in the liv-
ing environment: A systematic review of epidemiological studies. Urban
Forestry & Urban Greening, 14, 806–816.

van Os, J., Kenis, G., & Rutten, B. P. (2010). The environment and schizophre-
nia. Nature, 468, 203.

Vassos, E., Agerbo, E., Mors, O., & Pedersen, C. B. (2016). Urban–rural differ-
ences in incidence rates of psychiatric disorders in Denmark. British Journal
of Psychiatry, 208, 435–440.

Vassos, E., Pedersen, C. B., Murray, R. M., Collier, D. A., & Lewis, C. M.
(2012). Meta-analysis of the association of urbanicity with schizophrenia.
Schizophrenia Bulletin, 38, 1118–1123.

Veling, W., Hoek, H. W., Wiersma, D., & Mackenbach, J. P. (2010). Ethnic
identity and the risk of schizophrenia in ethnic minorities: A case-control
study. Schizophrenia Bulletin, 36, 1149–1156.

Veling, W., Susser, E., Van Os, J., Mackenbach, J. P., Selten, J.-P., & Hoek, H.
W. (2008). Ethnic density of neighborhoods and incidence of psychotic dis-
orders among immigrants. American Journal of Psychiatry, 165, 66–73.

Weber, M. D., McKim, D. B., Niraula, A., Witcher, K. G., Yin, W., Sobol, C. G.,
… Godbout, J. P. (2019). The influence of microglial elimination and
repopulation on stress sensitization induced by repeated social defeat.
Biological Psychiatry, 85, 667–678.

Weightman, M. J., Air, T. M., & Baune, B. T. (2014). A review of the role
of social cognition in major depressive disorder. Frontiers in Psychiatry,
5, 179.

Weiser, M., Van Os, J., Reichenberg, A., Rabinowitz, J., Nahon, D., Kravitz, E.,
… Noy, S. (2007). Social and cognitive functioning, urbanicity and risk for
schizophrenia. The British Journal of Psychiatry, 191, 320–324.

Weissman, D. G., Lambert, H. K., Rodman, A. M., Peverill, M., Sheridan, M.
A., & McLaughlin, K. A. (2019). Reduced hippocampal and amygdala
volumes as mechanisms of stress sensitization to depression following child-
hood violence exposure. bioRxiv, 798033.

Whitton, A. E., Treadway, M. T., & Pizzagalli, D. A. (2015). Reward processing
dysfunction in major depression, bipolar disorder and schizophrenia.
Current Opinion in Psychiatry, 28, 7–12.

Winton-Brown, T. T., Fusar-Poli, P., Ungless, M. A., & Howes, O. D. (2014).
Dopaminergic basis of salience dysregulation in psychosis. Trends in
Neurosciences, 37, 85–94.

Winz, M., & Söderström, O. (2020). How environments get to the skin.
Investigating the relation between psychosis and the city through bio-
sensory ethnography. Biosocieties, forthcoming.

Wright, B., Peters, E., Ettinger, U., Kuipers, E., & Kumari, V. (2014).
Understanding noise stress-induced cognitive impairment in healthy adults
and its implications for schizophrenia. Noise and Health, 16, 166–176.

Wu, J., & Jackson, L. (2017). Inverse relationship between urban green space
and childhood autism in California elementary school districts.
Environment International, 107, 140–146.

Psychological Medicine 1109

https://doi.org/10.1017/S0033291720000355 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720000355


Yang, Y., Diez Roux, A. V., Auchincloss, A. H., Rodriguez, D. A., & Brown, D. G.
(2011). A spatial agent-based model for the simulation of adults’ daily walk-
ing within a city. American Journal of Preventive Medicine, 40, 353–361.

Zammit, S., Lewis, G., Rasbash, J., Dalman, C., Gustafsson, J.-E., & Allebeck, P.
(2010). Individuals, schools, and neighborhood: A multilevel longitudinal

study of variation in incidence of psychotic disorders. Archives of General
Psychiatry, 67, 914–922.

Zink, C. F., Tong, Y., Chen, Q., Bassett, D. S., Stein, J. L., & Meyer-Lindenberg,
A. (2008). Know your place: Neural processing of social hierarchy in
humans. Neuron, 58, 273–283.

1110 Lydia Krabbendam et al.

https://doi.org/10.1017/S0033291720000355 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720000355

	Understanding urbanicity: how interdisciplinary methods help to unravel the effects of the city on mental health
	Introduction
	The urban environment and mental health
	Risk attributes of the urban environment
	The urban environment and the brain
	Risk attributes of the urban environment and the brain
	Experimental and experience-based studies: testing causality of urban factors

	Conclusions and future directions
	References


