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Previous evidence reviewed in Schizophrenia Bulletin sug-
gests the importance of a range of different environmental
factors in the development of psychotic illness. It is unlikely,
however, that the diversity of environmental influences asso-
ciated with schizophrenia can be linked to as many different
underlying mechanisms. There is evidence that environmen-
tal exposures may induce, in interaction with (epi)genetic
factors, psychological or physiological alterations that can
be traced to a final common pathway of cognitive biases
and/or altered dopamine neurotransmission, broadly referred
to as ‘“‘sensitization,” facilitating the onset and persistence of
psychotic symptoms. At the population level, the behavioral
phenotype for sensitization may be examined by quantifying,
in populations exposed to environmental risk factors associ-
ated with stress or dopamine-agonist drugs, (1) the increased
rate of persistence (indicating lasting sensitization) of nor-
mally transient developmental expressions of subclinical psy-
chotic experiences and (2) the subsequent increased rate of
transition to clinical psychotic disorder.
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Introduction

In previous issues of Schizophrenia Bulletin,' evidence
has been presented suggesting that environmental risk
factors (prenatal stress/malnutrition/infection/hypoxia,
paternal age, developmental trauma, urbanicity, canna-
bis, ethnic minority group, social fragmentation) may
be associated with an increased risk for schizophrenia
and psychotic symptoms, resulting in widespread geo-
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graphical variation in incidence and prevalence.'® These
studies have several themes in common that are summa-
rized in box 1. It is clear that much remains to be clarified.
For example, although the research on individual envi-
ronmental risk factors is mostly consistent, effect sizes
have been derived from bias and confounding-prone ob-
servational research. Also, none of the hypothesized fac-
tors are likely necessary or sufficient nor are they specific
for psychosis outcomes. Finally, variables such as ethnic
group, urbanicity, or prenatal maternal malnutrition
merely represent proxies for one or more nongenetic fac-
tors that remain to be identified.

Given these uncertainties, relatively little attention has
been paid to what arguably constitutes the most challeng-
ing issue: is there any evidence for a plausible mechanism
linking exposure to the environment to psychosis out-
comes? How does the environment induce change in
human beings so that enduring risk states or psychopath-
ological outcomes may result? Rutter'! has argued that
there are a number of ways in which the environment
can impact on the individual to increase the risk for psy-
chopathology, including effects on gene expression, effects
on developmental programming of the brain, effects on
neuroendocrine and neurotransmitter functioning, effects
on patterns of interpersonal interactions that may shape
risk for later psychopathology, and effects on affective
and cognitive processing. Therefore, one way to validate
the hypothesis of a link between the environment and psy-
chosis is to examine to what degree the two may be plau-
sibly linked to any of the above-mentioned cognitive or
biological mechanisms. Given the fact that (1) it is unlikely
that the extreme diversity of environmental influences as-
sociated with schizophrenia can be linked to as many dif-
ferent underlying mechanisms and (2) it has been
suggested that environmental exposures in schizophrenia
may induce psychological or physiological alterations that
can be traced to a final common pathway of cognitive
biases and/or altered dopamine neurotransmission,'* '
this particular suggestion will be examined in more detail,
subsumed under the broad header of “sensitization.”

Sensitization

Sensitization refers to the observation that individuals
who are exposed repeatedly to an environmental risk
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Box 1. Common Themes of Recent Reviews on the Link Between
the Environment and Schizophrenia

1. Most findings are derived from observational stud-
ies that can never conclusively exclude bias and
confounding.

2. It is not clear to what degree genetic liability for
psychosis is the origin of the environmental influ-
ence (eg, psychosis liability contributing to later
cannabis use or maternal psychosis liability giving
rise to pregnancy complications).

3. For the majority of environmental risk factors, the
increase in risk is associated with exposure before
adulthood, suggesting an interaction with develop-
mental processes. For example, the risk-increasing
effects of urbanicity, trauma, and cannabis use are
limited to exposure during childhood and adoles-
cence, suggesting they may create enduring liabili-
ties that, in interaction with other factors, bring
about psychotic disorder in adulthood.

4. Relative risks associated with environmental expo-
sures are modest and none are likely necessary or
sufficient. Indeed, for most, interactions with genetic
risk factors are hypothesized and some gene-
environment interactions using direct or indirect
measures of genes and environments have been
reported.

5. Many, if not most, of the environmental candidate
factors represent proxies for as yet unidentified non-
genetic effects. For example, while ethnic group and
urbanicity can be readily used as categorical variables
in statistical analyses, it is not known what underly-
ing true environmental effect they may represent.

6. The evidence for a link between the environment
and psychosis is for many risk factors, at least
where this has been studied, not limited to the nar-
row syndrome of schizophrenia, but extending to
broader psychometric expressions of psychosis in
the form of psychotic-like symptoms or schizotypy.

7. None of the reported risk factors can claim a spe-
cific link to psychosis-all have been associated with
a range of other psychiatric and somatic disorders.

factor may develop progressively greater responses over
time, finally resulting in a lasting change in response
amplitude. It has been hypothesized that the process of
sensitization is the substrate for the susceptibility to the
psychosis-inducing effects of stress and dopamine-agonist
drugs observed in patients with schizophrenia.'*'® Given
the fact that many environmental exposures associ-
ated with schizophrenia may be linked to stress or
dopamine-agonist drugs, sensitization may represent
a common mechanism linking multiple environmental
influences.

Link Between Environment and Schizophrenia

Sensitization: Cognitive and Affective Processing

Although the precise exposure under most environmental
risk factors associated with schizophrenia remains un-
known, many, including trauma, ethnic minority group,
urbanicity, and social fragmentation, can be plausibly
traced to “social defeat”—type psychological effects'’ in
the realm of interpersonal interactions. Such effects
play a key role in recent cognitive models of psycho-
sis.!>!%23 Early exposure to environmental risk factors
such as developmental trauma and discrimination may
shape specific negative beliefs about the self and about
others. It has been hypothesized that such negative
schemas and self-beliefs may predispose individuals
to employ external attributions for negative events, pos-
sibly in order to protect the self from negative self-
evaluative beliefs (delusion-as-a-defense theory).!®:20-24
Indeed, studies have confirmed that psychotic individuals
likely attribute negative events to external causes.'® Accord-
ingly, dysfunctional beliefs and schemas may moderate
the psychotogenic effect of later environmental risk fac-
tors, such as adverse life events, for psychosis. It has
been argued that stressful events trigger particular emo-
tional and cognitive changes, including automatic cogni-
tive processes and maladaptive conscious appraisals.
These, in combination with cognitive biases induced
by earlier exposures, may be crucial in the formation
and maintenance of positive symptoms of psychosis.'>
Recent work examining these hypotheses has yielded
some evidence that the path from childhood abuse or
trauma to adult psychosis is mediated by disrupted
self-representations and negative beliefs about others,
as well as by alterations in meta-cognition that may pre-
dispose to psychosis.’*?® With the advent of sophisti-
cated virtual reality (VR) techniques, researchers now
can conduct controlled experiments in order to study,
eg, how paranoia may arise from cognitive biases by ob-
serving how people interact with one another and
interpret interpersonal behavior in controlled social sit-
uations. Early results show that people with paranoid
thinking patterns interpret social signals abnormally.?
These VR experiments can be extended to test whether
certain environmental exposures or, indeed, certain
genotypes are associated with psychotic interpreta-
tions. If ethically acceptable, similar controlled experi-
ments can be conducted using actual environmental
exposures. For example, a recent experimental study
showed that in individuals with a liability for psychosis,
paranoid thoughts were exacerbated by a deprived ur-
ban environment.*

Sensitization: Behavioral Stress Sensitivity

It has been demonstrated that persons with a higher
than average liability to psychosis are overreactive to
small stressors, displaying an exaggerated affective re-
sponse’! and increases in the intensity of subtle psychotic
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experiences associated with minor stresses in the flow of
daily life.** This effect may be described as behavioral
sensitization because it has been shown to result, at least
in part, from a sensitization process by which previous
exposures to severe stress, such as childhood trauma®?
or stressful life events,** increase the sensitivity to small
stresses in daily life, the cumulative impact of which
might lead to the development of impairment and need
for care.® These findings therefore suggest that the
effects of early stress may give rise to a lasting liability
in the form of emotional and psychotic reactivity.

Sensitization: Dopamine Neurotransmission

Research has revealed that dopamine is released in re-
sponse to stress in both animals*®® and humans,*>* al-
though not all studies agree.*! Because dopamine is often
regarded as the final common pathway of the factors in-
volved in the causation of psychosis,'**? it is attractive to
speculate that dopamine plays a role in the pathway from
environmental risk exposure to psychosis.

In animals, there is compelling evidence that disrup-
tions in postnatal rearing conditions can lead to profound
and lasting changes in the responsiveness of mesocortico-
limbic dopamine neurons to stress and psychostimu-
lants.***> A similar mechanism may exist in humans
as well and provide an explanation for differential dopa-
mine reactivity in those with and without psychosis lia-
bility.***® For example, a recent human study reported
that mesolimbic dopamine release in response to psycho-
social stress depended on low early life maternal care.*
In rodents, there is evidence that not only early life stress
but also use of agonist drugs may induce sensitization of
dopamine systems.** Not only is there evidence for sim-
ilar mechanisms in humans,*’ studies also indicate that
schizophrenia is associated with increased amphet-
amine-induced dopamine release.*®

While these findings go some way toward validating
the link between environmental exposures and psychosis,
the precise mechanisms and neurocircuitry underlying
stress-dopamine interactions and sensitization in schizo-
phrenia remain unknown. There is evidence that meso-
cortical dopaminergic innervation of the prefrontal
cortex (PFC) may regulate the activity of mesolimbic
subcortical DA innervations and that the impact of
environmental risk factors may result in taking the PFC
“off-line,” resulting in altered responsiveness of subcor-
tical dopaminergic innervations.*” Thus, when dopamine
transmission is increased by exposure to stress or agonist
drugs, there may be a shift in the balance of the system
away from prefrontal cortical control and toward limbic
predominance, facilitating the onset of psychotic symp-
toms.***° Genetic variation may act synergistically
with environmental risk factors in shifting the balance
between mesocortical and mesolimbic dopamine neuro-
transmission, explaining interactions between, eg, cannabis
and the catechol-O-methyltransferase*®!*™°t polymor-
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phism.>">? Other models for gene-environment interac-
tions have been proposed. For example, it has been
suggested that excessive levels of catecholamine release
during stress impair PFC cognitive function through in-
tracellular signaling pathways; schizophrenia may arise
in individuals with mutations in DISC1 and RGS4,
who may have weaker regulation of these intracellular
stress pathways.>® Other factors may also play a role.
For example, there is animal evidence that glucocorti-
coids may control stress-induced sensitization by chang-
ing the sensitivity of mesencephalic dopaminergic
transmission to drugs of abuse.’® Similarly, prenatal
stress, associated with schizophrenia,” may induce
changes in dopamine sensitivity of the nucleus accumbens
and in the capacity to develop amphetamine-induced sen-
sitization in adulthood, which may be mediated by im-
paired control of corticosterone secretion in the
prenatally stressed animal.>® Finally, neurotransmitter
sensitization may be associated with epigenetic mecha-
nisms. Epigenetic factors are inherited and acquired mod-
ifications of DNA (eg, DNA methylation) and histones
that occur without a change in nuclear DNA sequence
but may impact on gene expression. The epigenetic state
of a gene may be influenced by stress and drugs among
other things and thus be considered a priori as an impor-
tant factor mediating environment-schizophrenia rela-
tionships.”’ Many studies have identified changes in
mRNA levels in key areas involved in dopaminergic neu-
rotransmission including the ventral tegmental area and
the nucleus accumbens induced by dopamine-agonist
drugs (including cannabis).’® ®! Similarly, an epigenetic
mechanism has been shown to mediate the relationship
between variations in mother-infant interactions and
the development of individual differences in behavioral
and endocrine responses to stress in adulthood.®?

Sensitization: Epidemiological Predictions

If environmental risk factors are causally associated with
psychotic disorder and sensitization is the mechanism
linking risk and outcome, then the challenge is to find
a way to measure its behavioral phenotype and demon-
strate epidemiological evidence that matches the hypoth-
esis. Cougnard and colleagues® suggested that the
behavioral phenotype for sensitization may be examined
at the population level by quantifying, in populations ex-
posed to environmental risk factors associated with stress
or dopamine-agonist drugs, (1) the increased rate of per-
sistence (indicating lasting sensitization) of normally
transient®* % developmental expressions of subclinical
psychotic experiences and (2) the subsequent increased
rate of transition to clinical psychotic disorder (Fig. 1).
In 2 large, prospective independent general population
studies (Netherlands Mental Health Survey and Incidence
Study [NEMESIS], » = 7076, and Early Developmental
Stages of Psychopathology Study [EDSP], n = 3021),
they examined the hypothesis that relatively common,
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Fig. 1. Sensitization Behavioral Phenotype. Person A has “normal”
developmental expression of subclinical psychotic experiences that
are mild and transient. Person B has similar expression but longer
persistence due to additional but mild environmental exposure.
Person C has prolonged persistence due to severe repeated
environmental exposure and subsequent transition to clinical
psychotic disorder.

subclinical developmental psychotic experiences would be-
come abnormally persistent when synergistically combined
with developmental exposures that may impact on sensiti-
zation such as cannabis, developmental trauma, and urban-
icity. The authors found that the 3-year persistence rates of
psychotic experiences were low at 26% in NEMESIS and
31% in EDSP. However, persistence rates were progres-
sively higher with greater baseline number of environmental
exposures in predicting follow-up psychotic experiences.
The authors concluded that level of environmental risk
combines synergistically with subclinical developmental ex-
pression of psychosis to cause abnormal persistence, reflect-
ing a mechanism of sensitization.

In a subsequent study, M. Dominguez, M. Wichers, R.
Lieb, H.-U. Wittchen, J. van Os (unpublished data) went
1 step further and examined the hypothesis that the prob-
ability of poor outcome (in the sense of clinical psychotic
disorder) of the normally transitory developmental ex-
pression of subclinical psychosis in the general popula-
tion becomes progressively greater with more tendency
to persistence over time. Expression of psychosis was
assessed 4 times (T0O-T3) over a period of 8.4 years in
a sample of 845 adolescents from the general population.
Transition from subclinical psychosis at TO-T?2 to clinical
psychosis at T3 was examined as a function of the level of
prior persistence of the subclinical phenotype over T0-T2
(subclinical psychosis present never, once, twice, or thrice
at TO, T1, and T2). The authors found that the more sub-
clinical psychosis persisted over the period T0-T2, the
greater the risk of transition to clinical psychosis at T3
in a dose-response fashion.

Conclusion

Although many questions remain, there is some evidence
that environmental exposures may induce, in interaction
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with (epi)genetic factors, psychological or physiological
alterations that can be traced to a final common pathway
of cognitive biases and/or altered dopamine neurotrans-
mission, broadly referred to as “sensitization,” facilitat-
ing the onset and persistence of psychotic symptoms. The
behavioral phenotype for sensitization may be examined
at the population level by quantifying, in populations ex-
posed to environmental risk factors associated with stress
or dopamine-agonist drugs, (1) the increased rate of per-
sistence (indicating lasting sensitization) of normally
transient developmental expressions of subclinical psy-
chotic experiences and (2) the subsequent increased
rate of transition to clinical psychotic disorder.
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