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For the first time in human history, 
more than half of the world’s popu-

lation lives in urban areas and this is 
projected to increase to two-thirds by 
2030. This increased urbanity of the 
world’s population has substantial public 
health implications. Nearly a century of 
research has shown higher risk of men-
tal disorder among persons living in 
urban versus rural areas. Epidemiologic 
research has documented that associa-
tions between particular features of the 
urban environment, such as concentrated 
disadvantage, residential segregation and 
social norms, contribute to the risk of 
mental illness. We propose that changes 
in DNA methylation may be one poten-
tial mechanism through which features 
of the urban environment contribute to 
psychopathology. Recent advances in 
animal models and human correlation 
studies suggest DNA methylation as a 
promising mechanism that can explain 
how the environment “gets under the 
skin.” Aberrant DNA methylation sig-
natures characterize mental disorders in 
community settings. Emerging evidence 
of associations between exposure to fea-
tures of the environment and methylation 
patterns may lead toward the identifica-
tion of mechanisms that explain the 
link between urban environments and  
mental disorders. Importantly, evidence 
that epigenetic changes are reversible 
offers new opportunities for ameliorat-
ing the impact of adverse urban environ-
ments on human health.

The 20th century has been character-
ized by the world-wide movement of 
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populations from rural to urban areas. 
For the first time in human history, 
more than half of the world’s population 
lives in urban areas and this is projected 
to increase to two-thirds by 2030. The 
movement of populations to urban envi-
ronments is probably the most important 
demographic shift in the past century. In 
particular, the increased urbanity of the 
world’s population has substantial public 
health implications. A body of research 
has long shown that there are different 
burdens of disease and disability in urban 
vs. non-urban areas and more recent work 
has linked specific features of the urban 
environment to particular health indica-
tors (for reviews of the literature about 
urban health see refs. 1 and 2).

Some of the more promising work in 
this area concerns research that has shown 
relations between urbanity and mental 
disorders. There is more than a century 
of work that has shown higher risk of 
most mental disorders among persons liv-
ing in urban versus rural areas.3-8 Early 
research proposed several factors that may 
explain this association including selec-
tive migration and social disorganization.3 
For example, it has been proposed that 
persons within disadvantaged areas may 
have a more difficult time building and 
sustaining supportive social relationships, 
therefore increasing susceptibility to men-
tal illness. Subsequent work has shown 
associations between particular features of 
the urban environment and risk of men-
tal illness. Living in poorer urban neigh-
borhoods is associated with greater risk 
of new episodes of depression compared 
to living in richer neighborhoods, even 
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The Detroit Neighborhood Health 
Study (DNHS) is an ongoing epidemio-
logic study of individual- and neighbor-
hood-level determinants of mental health 
among Detroit residents. In analyses using 
the full baseline of the DNHS cohort, we 
found that lifetime prevalence of any trau-
matic event experience was 86.8% [more 
than half of the sample (50.8%) had 
experienced an event related to assaultive 
violence]. Of those who had experienced 
at least one traumatic event, 16.6% met 
criteria for lifetime PTSD and 11.6% 
had PTSD symptoms in the past year. 
Participants were more likely to develop 
PTSD from assaultive violence (18.0%) 
than from other types of traumatic events 
(8.6% on average for the other traumatic 
event types) (Goldmann et al, under 
review). The lifetime and 12-month prev-
alence of PTSD are more than twice the 
previously reported prevalence from other 
epidemiologic studies,26,38 a finding that 
is due to greater exposure to violence in 
Detroit.39 We also found that individuals 
with lower household income were more 
likely to develop PTSD after a traumatic 
event than those with higher income, but 
that this relationship was likely mediated 
by a greater burden of lifetime traumatic 
events among those with lower income. 
Collectively, these findings suggest that 
the exposure to adverse life circumstances 
is heterogeneous in a large, diverse urban 
environment and that these life circum-
stances contribute to poor mental health 
in this context.

Using samples obtained from the same 
study we have identified microarray-based 
methylation profiles that distinguish 
between those with and without lifetime 
depression and those with and without 
lifetime PTSD. With respect to depres-
sion, we found that unmethylated genes 
showed evidence for the involvement 
of inflammatory-related pathways and 
processes previously implicated in this 
disorder and confirmed the functional sig-
nificance of these results by demonstrating 
elevated serum levels of two inflamma-
tory markers—interleukin 6 (IL-6) and 
C-reactive protein (CRP)—among those 
with lifetime depression.25 This functional 
relationship was further corroborated 
by the finding of an inverse correlation 
between methylation of IL-6, CpG and 

behavior via epigenetic mechanisms. For 
example, the work of Meaney and col-
leagues has documented that natural vari-
ations in levels of licking and grooming in 
rodents are associated with differences in 
stress response and behavior among pups. 
Moreover, “better” maternal care, opera-
tionalized as more licking and grooming, 
is correlated with decreased methylation of 
the glucocorticoid promoter region in the 
hippocampus, increased glucocorticoid 
expression and a decreased stress response 
that persists into adulthood.23-26 These 
findings have been extended to post- 
mortem brain samples from suicide vic-
tims with a history of childhood abuse.27

Human studies have shown an associa-
tion between childhood abuse and differ-
ential methylation of genes implicated in 
mental disorders. For example, the sero-
tonin transporter gene (SLC6A4) has been 
implicated in depression and posttrau-
matic stress disorder (PTSD).28-31 Work 
by Philbert et al. using samples from the 
Iowa Adoption Studies cohort provided 
initial evidence that increased methylation 
levels in the CpG island overlapping with 
the transcriptional start site of SLC6A4 
was associated with decreased levels of 
SLC6A4 mRNA and that those with the 
5-HTTLPR s allele showed a trend toward 
higher methylation levels across CpG sites 
located in this upstream island.32,33 The 
same research group showed that child 
abuse was associated with significantly 
elevated methylation levels across multiple 
CpG sites and, among females, at specific 
CpG sites as well.34 Taken together, the 
Iowa Adoption study results are suggestive 
of a relation between childhood abuse, 
SLC6A4 methylation and stress-related 
outcomes.

Aberrant DNA Methylation  
Signatures Characterize Mental 

Disorders in Community Settings

Our own work has focused on showing 
both that features of the urban envi-
ronment are associated with greater 
risk of mental disorders and that spe-
cific epigenetic patterns are associated 
with depression and PTSD, potentially 
explaining some of the observed associa-
tions between the urban environment and 
mental health.35-37

when accounting for individual income 
or exposure to stressful or adverse cir-
cumstances.6,9,10 Living in neighborhoods 
characterized by residential racial segre-
gation is associated with a greater risk of 
depression and anxiety, compared to living 
in less segregated neighborhoods.11 Other 
evidence suggests that neighborhood col-
lective efficacy and norms are associated 
with the risk of substance use disorders12 
and suicide attempts,13 again when taking 
into account individual experiences.

Coincident with the growing number 
of studies that have demonstrated links 
between features of the urban environ-
ment and mental health, there has been an 
increase in work that has sought to under-
stand the mechanisms underlying these 
epidemiologic observations. In particular, 
there is an emerging interest in identifying 
biologic explanations that may clarify the 
link between features of the urban envi-
ronment and individual mental health. 
Existing research has documented a role 
for changes in immune function,14 gene-
environment interactions15 and psycho-
logical mechanisms,16 among others, that 
may explain the links between the urban 
environment and mental health. This 
paper adds to this growing field and pro-
poses that changes in DNA methylation 
may be one potential mechanism through 
which features of the urban environment 
contribute to psychopathology.

DNA Methylation is a Promising 
Mechanism that Can Explain  

How the Environment  
“Gets Under the Skin”

Adverse urban environments are char-
acterized by factors such as concentrated 
disadvantage, racial segregation, dilapi-
dated built environment and crime, all 
of which are associated with chronic psy-
chological and physiological stress.2,17 The 
relation between exposure to stressful cir-
cumstances and risk of psychopathology is 
well-documented.18-22 More recently, epi-
genetic research has begun to address the 
central question raised by these observed 
associations: Mechanistically, how does 
stress “get under the skin”? Specifically, 
animal models have shown that varia-
tions in individual-level experiences, such 
as maternal care, shape neurobiology and 
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increase the risk for mental disorders. For 
example, certain environmental toxins 
such as community violence,42 second- 
hand smoke43 and air pollution,44,45 
known to be more prevalent in the urban 
environment, have been shown to affect 
cognitive functioning, particularly in 
childhood. Lower cognitive functioning 
in childhood predicts risk and severity of 
a range of adult mental disorders.46 Thus, 
one way in which the urban environment 
might increase the risk for mental disor-
ders is through effects on the developing 
brain. Recent neuroimaging studies also 
provide some clues about how the urban 
environment adversely affects adult brain 
functioning.48,49 Exposure to rural versus 
urban images activates different brain 
regions. Notably, urban images were asso-
ciated with greater activation of the “emo-
tional brain” including the hippocampus 
and amygdala;50,51 abnormalities in these 
brain regions have been commonly asso-
ciated with mental disorders such as 
PTSD.52-56

Challenges in Integrating  
Epigenetics into Urban Mental 

Health Research

Our increasing capacity to conduct  
population-based epigenetic studies opens 
new opportunities for epidemiologists and 
population health scientists interested in 
understanding the biological mechanisms 
by which urban environments affect men-
tal health. However, there are numerous 
challenges associated with conducting 
such research.

The first challenge is intellectual. Such 
studies require a truly multi-disciplinary 
team of investigators who can provide 
expertise in the practical assessment of 
urban environment, diagnosis of indi-
vidual-level mental disorders, collection 
and analysis of biological specimens and 
complex statistical analysis of data from 
multiple-levels (neighborhood, individual, 
gene) and across time.

The second challenge is the need to 
use peripheral tissues in epidemiologic 
research. As researchers interested in 
mental disorders, we ultimately want to 
identify epigenetic changes in the human 
brain. Most animal-based evidence in 
the area and early work in humans have 

on mental illness over and above the effect 
of individual-level adversity. However, 
how does exposure to social environmen-
tal stressors, such as concentrated disad-
vantage, experienced by all individuals 
living in that particular urban environ-
ment, manifest as individual-level psycho-
pathology? There is little doubt that some 
neurobiological processes must ultimately 
mediate this relation. However, relatively 
little attention has been paid in the urban 
health or in the psychiatric epidemiology 
literature to identifying potential neuro-
biological mechanisms.

Animal models mimicking human 
social environmental exposures exist and 
findings converge with epidemiologic 
studies to provide strong evidence that 
adverse social conditions affect mental 
health. One example of such evidence 
comes from the literature on variable  
foraging demand (VFD). Under the VFD 
model, the experimenter manipulates 
“ecologic settings” of infant-mother dyads 
by, for example, varying the amount of 
work required by each mother to obtain 
daily food rations. Under all condi-
tions, adequate nutrition is available and 
accessed; infant weight gain and separa-
tion from mother does not vary by condi-
tion.40 However, as noted by Rosenblum 
and Paully in their seminal study, “the 
imposition of unsignaled fluctuations in 
foraging requirements produced group 
instability, altered maternal patterns and 
disturbed development of infant indepen-
dence.” 40 Extant research has documented 
numerous adverse behavioral and physi-
ological effects of VFD conditions on 
both the mother and child that parallel 
disruptions in biological systems observed 
in mental disorders.41 We could not, how-
ever, at this time locate any published 
studies documenting methylation changes 
in maternal or offspring DNA using 
the VFD model. Correspondence with 
researchers in the VFD area suggests such 
studies may be forthcoming (Coplan, per-
sonal communication).

In considering the etiology of men-
tal disorder, we ultimately need to ask 
ourselves whether features of the urban 
environment affect the human brain. 
Environmental epidemiology points to 
features of the urban environment that 
may affect brain development and thereby 

circulating IL-6 and CRP levels among 
those with lifetime depression.25 With 
respect to PTSD, we found that those 
with lifetime PTSD were characterized 
by a preponderance of immune-related 
gene clusters in their unmethylated gene 
sets and further corroborated these find-
ings by demonstrating significantly higher 
levels of antibodies to cytomegalovirus, a 
typically latent herpes virus, in the PTSD 
affected group.26 Importantly, this signa-
ture of apparent immune dysregulation 
was also observed in pathways associated 
with genes showing a significant negative 
correlation between methylation level and 
number of traumatic events experienced 
by those with lifetime PTSD,26 suggesting 
the possibility that cumulative traumatic 
burden may leave a molecular footprint 
in those with the disorder. Most recently, 
our focused analysis of genes previously 
associated with gene expression differ-
ences in whole blood among those with 
PTSD has shown that methylation levels 
of one gene, MAN2C1, is associated with 
increased risk of lifetime PTSD, but that 
this effect is modified by the number of 
traumatic events individuals have expe-
rienced.37 These results strongly suggest 
that there are distinctive biologic signa-
tures of mental illness among community- 
dwelling urban residents. We are now 
extending this work to examine whether 
epigenetic signatures explain the relations 
observed in correlational studies among 
features of the urban environment and 
mental disorders.

DNA Methylation May Plausibly 
Explain the Links  

between Exposure  
to the Urban Environment  

and Mental Disorders

How do social environmental stressors or 
features of the urban environment that 
may be determinants of mental health, 
independently of individual stressful expe-
riences, get under the skin? The emerging 
evidence, summarized here, suggests that 
DNA methylation may indeed explain 
the link between individual exposure to 
adversity and development of mental ill-
ness. Moreover, the epidemiologic data 
provides evidence for the effect of macro-
social features of the urban environment 
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and the limitations of our dominant and 
deterministic models in dealing with these 
challenges.66

Sixth, while this work remains in its 
infancy, an expanded scope of inquiry must 
also take into account the added complex-
ity of determination over the life course. 
The influence of exposures and the tempo-
ral link between exposures and pathology 
are likely to change over an individual’s  
life. The change of methylation patterns 
with age is well-documented.67-69 A life 
course perspective suggests that the ulti-
mate impact of the social environment 
is likely to be a complicated function of 
exposure over the life course, which can-
not simply be understood using narrow 
analytic windows and one-dimensional 
linear models.

Conclusion

The application of epigenetics to urban 
health offers new promise and direction 
for population mental health research. 
Challenges are rife, but the field also holds 
substantial promise. This work stands to 
help us extend our understanding of the 
links between features of the urban envi-
ronment and the risk of psychopathology. 
However, even beyond explanation, the 
emerging evidence about the reversibility 
of DNA methylation70,71 offers particular 
promise in the area. Population health sci-
ence must contend with the challenge of 
how we may translate observations about 
the social environmental determination 
of health into tractable interventions. 
Demonstrating intervening mechanisms 
that are reversible, and potentially mal-
leable, offers a promising direction in this 
area. Clearly, the gap between observa-
tional and interventional work is large. 
Thus far, work in the field, summarized 
here, suggests that this area holds tremen-
dous promise to help us understand how 
urban environment may produce mental 
health in populations.
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