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Abstract

Aim: Various formsof social adversity have been implicated in the developmentand emergence
of psychosis. However, how and when these events exert their influences are not clear. In this
paper, we attempt to examine these putative psychosocial factors and place them in a temporal
context and propose a neurobiological mechanism linking these factors. Methods: Medline
databases were searched between 1966 and 2007 followed by the crosschecking of references
using the following keywords: psychosocial, stress, stressors, life events, psychological, combined
with psychosis and schizophrenia. Results: While some findings are conflicting, there are a
number of positive studies which suggest that factors like prenatal stress, urban birth and
childhood traumaaccentuate the vulnerability for schizophreniaand other psychoseswhile other
factors like life events, migration particularly being a minority group, and high expressed
emotions, which occur later in the vulnerable individual may move the individual towards the
tipping point for psychosis. Conclusion: Overall, there is evidence to implicate psychosocial
factors in the pathophysiology of schizophrenia. These factors may act via a common pathway,
which involves stress-induced dysregulation of the HPA axis and the dopaminergic systems. To
establish the causal relationship of the various factors would require prospective studies thatare

adequately powered.

Ann Acad Med Singapore 2009;38:402-7

Key words: Childhood abuse, Expressed emotions, Life events, Migration/minority status,

Prenatal stress, Psychosis, Urbanicity

Introduction

The architecture of the neurobiology of schizophrenia is
complex: it comprises an inherited vulnerability with
multiple genes involved, and its interaction with a number
of environmental factors. That the onset of psychosis
typically occurs during late adolescence and early adulthood
is suggestive that additional factors play significant roles
along the trajectory from a vulnerability state to the onset
of schizophrenia. The current view about schizophrenia is
that this represents a progressive developmental patho-
physiology of the illness that may result from several
factors working individually, or in combination.*

There is considerable evidence that a range of social and
psychological factors are associated with schizophrenia.>
®Some of these psychosocial stressors may occur “early”
and accentuate the vulnerability state, and the markers of
these early factors are unlikely to change in relation to the
onset of psychotic symptoms. Those stressors, on the other
hand, that occur “late” could be the “triggers” for the

psychotic breakthrough, and their presence or absence may
differentiate between at-risk patients who do and do not
convert to psychosis.

This paper examines the various psychosocial factors
implicated in the trajectory of a vulnerable state to first-
break psychosis with the attempt to understand them in the
context of the neurobiological changes that occur during
this process. We heuristically classify these into early and
late factors.

Methods

We conducteda literature review for evidences supporting
the role of psychosocial factors in the development of
schizophrenia. Medline databases were searched between
1966 and 2007 utilising schizophrenia and psychosis as
broad search terms in conjunction with the following
keywords: psychosocial, stress, stressors, life events, and
psychological. We included a combination of cohort and
case-control studies in this review, and incorporated a few
meta-analyses.
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Early Factors
Prenatal Stress

Maternal stress during pregnancy has been investigated
as a risk factor for the subsequent development of
schizophrenia in the offspring. A proxy of this stress is
unwanted pregnancy. A prospective study that examined a
birth cohort of over 11,000 individuals, found the risk of
later schizophrenia among unwanted children was raised
compared with wanted children even after adjustment for
confounding factors such as sociodemographic, pregnancy
and perinatal variables.® This, however, was not replicated
in another study.’

The association between prenatal exposure to war and
natural disaster, and the risk of subsequent schizophrenia
has also been studied. Selten et al® examined the effect of
prenatal exposure to the 1953 Dutch Flood Disaster on the
risk of schizophreniain the offspring, and foundan increased
risk of non-affective psychosis for individuals born in the
9monthsafterthe flood but it was not statistically significant.
Offsprings of mothers who were exposed to the stress of the
Six-Day War and Yom Kippur War in Israel did not have
a higher incidence of schizophrenia in adulthood when
compared to the offsprings of mothers not exposed to the
stress.® Children of women exposed to the 1998 Quebec ice
storm were more likely to be born premature, being in an
incubator as a newborn, and had more obstetric
complications.’® The same investigators also found that
children of women exposed to the stress between gestational
weeks 14 and 22 and reported high levels of subjective
distress had significantly greater dermatoglyphic asymmetry
(abiological marker of schizophrenia), while those mothers
who had experienced moderate or high levels of objective
stress had children with significantly lower cognitive
development (a risk factor associated with schizophrenia).

Prenatal loss of the father has also been examined as a
form of prenatal stress. There was a significantly higher
number of individuals diagnosed with schizophrenia in a
psychiatric hospital whose fathers died before their birth
than a control group whose fathers died during the first year
of their lives.!

The findings from the aforementioned studies are not
sufficiently consistent to establish a definite association
between prenatal stress and risk of schizophrenia. These
studies differ in the definition of prenatal stress, and many
of the studies failed to control for confounding variables
such as family history, paternal age, and parent’s ethnicity.
Moreover, there is great inter-individual variability in the
perception of stress when confronted with similar events.

Urban Environment

Several epidemiological studies have consistently found
an association between exposure to an urban environment
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and the occurrence of psychosis.>** The risk fora psychotic
disorder was linearly associated with the level of urbanicity
of place of birth: the incidence of psychotic disorder was
found to be the highest in the most urbanised areas.®® A
Swedish study found that subjects born in cities had a
higher risk of developing schizophrenia and other non-
affective psychoses.? Even though the study found that
subjects born in main cities were more likely to have
experienced obstetric complications and have a higher
socio-economic status, controlling for these factors did not
reduce the strength in the association between psychotic
disorder and urban place of birth.

Theeffectof urbanicity ontherisk of developing psychosis
is greater in subjects with a family history of psychosis.>
This had led the authors to conclude that 20% to 30% of
individuals exposed to both family history of psychosis and
urban life had schizophrenia because of the co participation
between these 2 factors.

The timing of exposure appears to be important: the
greatest risk for schizophrenia was among subjects who
were exposed to the urban environment at birth regardless
if they were exposed or not to the same environment at the
time of the illness onset. However, those who were not
exposed to the urban environment at birth even though they
did so later in life did not have an elevated risk for
schizophrenia.t’

Findings from the aforementioned studies have produced
compelling evidences that individuals exposed to an urban
environment have an elevated risk of developing
schizophrenia. A number of environmental risk factors
have been hypothesised, and these include the role of social
capital,'®1° stressful life events,*4'7 prenatal exposure to
infection diseases, poor nutrition, and social isolation.*

Childhood Abuse

Several large-scale reviews have established a putative
relationship between the childhood abuse and psychosis. A
large-scale prospective study reported that child abuse
before the age of 16 was a significant risk factor for
psychotic symptoms.2° Another study found that childhood
traumatic experiences were associated with a psychotic
illness rather than other types of psychiatric illness.?
However a prospective study of individuals, verified to
have been sexually abused in childhood, found that victims
of both gender had a significantly higher rate of psychiatric
treatment but there was no difference between cases and
controlsinthe rate for schizophreniaand related disorders.?

A more recent analysis of the National Comorbidity
Survey found that childhood physical abuse was the only
significant predictor of psychosis in the total sample after
controlling for depression but the odds ratio for rape was
only significantly higher for male subjects.?
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Effects of These Early Psychosocial Factors

It is difficult to integrate the effects of these various
factors. Nonetheless, the importance of these events in the
pathophysiology of schizophrenia is overall convincing.

One potential causal connection is that these early events
(acting singly or an additive manner) alter neurobiological
development giving rise to aberrantneural networks, which
increases the vulnerability for a psychotic illness. The
action of the maturational process on these aberrant networks
would facilitate the emergence of psychotic symptoms
much later after puberty.

Evidence for altered neurobiological development
stemming from early events comes fromastudy by Chugani
et al,* which found that Romanian orphans adopted away
from orphanages showed significantly decreased glucose
metabolism bilaterally in the brain structures when
compared to controls. These orphans also showed mild
neurocognitive impairment, impulsivity, and attention and
social deficits. The dysfunctions of these brain regions are
implicated in the development of psychiatric disorders, and
may be the result of stress from childhood social deprivation.

Late Psychosocial Factors

Life Events

Brown and Birley® examined the rate of life events
before the onset of the disorder among the patients diagnosed
with schizophrenia, and found that 46% of the patients had
at least one life event in the 3-week period just before the
onset of the disorder. The study also found that the patients
had more life events in the weeks nearest to the onset of the
disorder than during the weeks preceding the relapse. This
suggests that environmental factors, particularly some sort
of crisis or life changes, have a triggering effect on the
onset of schizophrenia.

Ventura et al® conducted a prospective longitudinal
study, and found that among the psychotic patients who
relapsed, there were a higher number of life events in the
1-month preceding the relapse than in the same month
during the non-relapse period. However, over half of the
patients who experienced a psychotic relapse did not have
amajor life event in the month preceding the relapse, which
suggests the role of other environmental factors.

Another study by Hirsch et al* provided conflicting
evidence, having found no difference in the average rate of
life events between the most recent period prior to relapse
of schizophrenia and the other preceding time period.

Preliminary findings from the Edinburgh High-Risk
Project found no differences in the number of life events of
a high-risk group of people for psychosis and that of a
group of healthy controls and first-episode psychosis
patients,® while another cross-sectional study also did not

find that life events predicted the onset of psychosis.?®

In conclusion, there are mixed findings to the hypothesis
that life events can trigger the onset or relapse of
schizophrenia. The retrospective nature of most of the
studies makes itimpossible to elucidate the causal direction
of these events and the onset of psychosis as the validity of
the recalled events and its frequency could be questioned.

Migration/Minority Status

Studies have consistently found an elevated risk of
schizophreniaand other psychotic disordersamong migrant
groups. Specifically, numerous studies have found high
rate of schizophrenia among people of African-Caribbean
origins who are resident in the United Kingdom.?-3! Selten
et al®? reported a similar elevated incidence rate of
schizophrenia among immigrants from Surinam, the
Antilles, Morocco, and other non-Western countries, while
Zolkowaska et al® demonstrated a higher incidence of
schizophrenia among immigrants to Sweden from East
Africa, and Cantor-Graae etal**have also foundanincreased
risk for schizophreniaamong immigrants to Denmark from
Australia, Africa, and Greenland.

A meta-analysis of 18 studies® concluded that first- and
second-generation migrants (defined as persons with a
foreign birthplace and persons with one or both parents
born in a foreign country respectively) had a mean relative
risk of 2.9 in developing schizophrenia. The study also
found that persons who migrated from developing countries
had a greater risk of developing schizophrenia than for
persons who migrated from developed countries. Migrants
from countries whereby the majority of the citizens were
classified as blacks also had a higher relative risk of
developing schizophrenia compared to migrants from
countries whereby the majority were white or non-white/
non-black.®

There appears to be significant heterogeneity in the risk
across the different migrant groups. Fearon et al® found
that the rates of schizophrenia among Asian migrants
residing in the UK are only modestly raised and not to the
same extent as for their African-Caribbean and Black
African counterparts. The possibility of a higher rate of
obstetric complications among these migrant groups, which
could have led to the higher incidence of schizophrenia,
was refuted by a study, which found that White psychotic
patients were more likely to have a history of obstetric
complications than an African-Caribbean population.®”

A number of factors have been suggested to explain the
elevated rate of schizophrenia among migrant groups.
Odegaard?®® suggested that individuals who are already
genetically predisposed to develop this disorder are more
likely to emigrate. This was refuted by Selten et al,* who
found that the incidence of schizophrenia among the
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immigrants from Surinam remained elevated even though
he enlarged the denominator by adding the resident
population of Surinam.

Social isolationand discrimination by the migrant groups
could possibly explain the elevated rates of schizophrenia®#°
assuggested by anincrease in the incidence of schizophrenia
where the migrant group formed the minorities.*42
Incidence studies conducted in the islands where majority
of the migrants came from, specifically Jamaica,*
Trinidad,* and Barbados,® also did not find an elevated
rate of schizophrenia among the host population. This is
further supported by animal studies that showed social
isolation and social subordination are associated with
changesinthe dopamine system characterised by anincrease
in basal dopamine levels and enhanced dopamine release
to amphetamine.*-48

High-expressed Emotion

Expressed emotion has been extensively studied, and has
been found to be a robust and significant predictor of
relapse (effect size of r = 0.3) in schizophrenia.*

However, the role of expressed emotions in precipitating
a first break psychosis has been hardly studied. In a long-
term follow-up study of adopted-away offspring of mother
with schizophrenia-spectrum disorder and adopted-away
offspring without this genetic risk, Tienari et al*® found that
the rearing-family environment was a significant predictor
of schizophrenia-spectrum disorder only in adopted-away
individuals at high-genetic risk but not in those at low-
geneticrisk. O’Brien et al®! studied the impact of the family
environment on the symptoms and social functioning of
adolescents at imminent risk for onset of psychosis, and
foundthathigher levels of caregiver emotional involvement,
positive remarks, and warmth was associated with
significant improvement in the adolescent symptoms and
social functioning 3 months after the start of the study.

In conclusion, findings from the above studies have
demonstrated the association between family environment
and risk for the onset of psychosis or psychotic relapses.
However, more studies addressing the same research
question should be done, and the studies’ results should be
replicated to further strengthen the association between
family environment and risk for schizophrenia.

A Psychosocial-biological Model for Schizophrenia

The common biological mechanism that is possibly
involved is the activation of the hypothalamic-pituitary-
adrenal (HPA) by these various psychosocial stressors, and
the subsequent release of glucocorticoids. The
hippocampus, which has a high density of glucocorticoid
receptors, is part of the feedback system that modulates the
activationofthe HPA axis. Stressors of sufficientmagnitude
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can produce a sensitisation effect. When exposure to
stressors persists and heightened glucocorticoid release is
chronic, there can be permanent changes in the HPA axis
such that corticosterone release is augmented, of which
high levels would have damaging effects on the
hippocampus.®2

In fact, hippocampal volume reduction is one of the most
consistentstructural abnormalities found inschizophrenia.>
Functional neuroimaging studies have complemented
evidence from post-mortem and behavioural studies,
showing regionally specific abnormalities of the
hippocampus and of memory function in schizophrenia.*
The hippocampus carries out crucial working memory
function in childhood right up to the time that the prefrontal
cortex reaches functional maturity and takes over this
function. Diamond® has postulated that the onset of
psychotic symptoms is related to disruption of the transfer
of the crucial working memory functions. Damage of the
hippocampus (and/or the prefrontal cortex) from the effects
of psychosocial stressors early in one’s life would prevent
this transfer.

A marker of heightened HPA activity is the increased
volume of the pituitary, which has been reported by Pariante
etal®® inagroup of ultra-high risk patients for psychosis, as
well as those with first episode of psychosis compared to
non-psychotic controls. In the acute phase of the psychosis,
the increased pituitary volume could represent a conse-
quence of the distress and arousal associated with the
psychotic experience. Alternatively, it could represent an
increased activation of the stress response preceding the
development of psychosis, for an increased susceptibility
to daily life stress, an increased level of independent
stressors, or both.5"* There could also be a parallel process
that stress would induce by influencing the rate of dopamine
activities. Specifically, stress elevates not only the release
of cortisol and dopamine. Repeated social defeat in animal
studies leads to activation of the mesolimbic dopamine
system,**%0 which is associated with psychosis in humans.

Walker and DiForio® argued that the stress-induced
dysregulation of the HPA axis and dopaminergic systems
result in a hypersensitive state. As these dopaminergic
systems are important in interpretation of stress and threat-
related stimuli, this state could lead to anomalous conscious
experiences like heightened perception, and psychotic
experiences like delusions and hallucinations.®? Kapurs?
has proposed that the mesolimbic dopamine system provides
salience to a mental event from a stimulus, and the over-
activity of this system would result in an aberrant salience
being assigned to what would be otherwise an event and
stimuli of no importance.

Overall, the impact of psychosocial stressors in the
aetiology of schizophrenia is undoubtedly present but the
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differential significance of each of the individual putative
factors is not clear. The construct of each of the stressor is
complex and multi-dimensional. We have just proposed a
possible mechanism whereby these factors would contribute
to the manifestation of psychotic disorders. Any model that
seeks to conceptualise the role of psychosocial stressors in
the neurobiology of schizophrenia has to take into
consideration the role of other risk factors such as genetic,
early environmental insults to the brain, and drugs like
cannabis. The model would also have to consider the
possible differential effects of these diverse factors on the
temporal course of the disorder. Clarifying the effect of
these factors and the nature of their interaction would
require a prospective study that is sufficiently powered.

Acknowledgements: Thanks to all who have been involved in the prepara-
tion and submission of this manuscript.

REFERENCES

1. WoodsBT. Isschizophreniaaprogressive neurodevelopmental disorder?
Toward a unitary pathogenetic mechanism. Am J Psychiatry 1998;
155:1661-70.

2. McDonald C, Murray RM. Early and late environmental risk factors for
schizophrenia. Brain Res Rev 2002;31:130-7.

3. Miller P, Lawrie SM, Hodges A, Clafferty R, Cosway R, Johnstone EC.
Genetic liability, illicit drug use, life stress and psychotic symptoms:
preliminary findings from the Edinburgh study of people at high risk for
schizophrenia. Soc Psychiatry Psychiatr Epidemiol 2001;36:338-42.

4. Read J, Perry BD, Moskowitz A, Connolly J. The contribution of early
traumatic events to schizophrenia in some patients: a traumagenic
neurodevelopmental model. Psychiatry 2001;64:319-45.

5. Howes OD, McDonald C, Cannon M, Arseneault L, Boydell J, Murray
R. Pathways to schizophrenia: the impact of environment factors. Int J
Neuropsychopharmacol 2004;7(Suppl 1):3-7.

6. Myhrman A, Rantakallio P, Isohanni M, Jones P, Partanen U.
Unwantedness of a pregnancy and schizophrenia in the child. Br J
Psychiatry 1996;169:637-40.

7. Herman DB, Brown AS, Opler MG, Desai M, Malaspina D, Besnaham
M, et al. Does unwantedness of pregnancy predict schizophrenia in the
offspring? Soc Psychiatry Psychiatr Epidemiol 2006;41:605-10.

8. Selten JP, Graaf Y, Duursen R, Wied CC, Kahn RS. Psychotic illness
after prenatal exposure to the 1953 Dutch Flood Disaster. Schizophr Res
1999;35:243-5.

9. Selten JP, Cantor-Graae E, Nahon D, Levav I, Aleman A, Kahn RS. No
relationship between risk of schizophrenia and prenatal exposure to
stress during the Six-Day War or Yom Kippur War in Israel. Schizophr
Res 2003;63:131-5.

10. King M, Nazroo J, Weich S, Mckenzie K, Bhui K, Karlsen S, et al.
Psychotic symptoms in the general population of England: a comparison
of ethnic groups (The EMPIRIC study). Soc Psychiatry Psychiatr
Epidemiol 2005;40:375-81.

11. Huttunen MO, Niskanen P. Prenatal loss of father and psychiatric
disorder. Arch Gen Psychiatry 1978;35:429-31.

12. Harrison G, Fouskakis D, Rasmussen F, Tynelius P, Sipos A, Gunnell D.
Association between psychotic disorder and urban place of birth is not
mediated by obstetric complications or childhood socio-economic
position: a cohort study. Psychol Med 2003;33:723-31.

13. Marcelis M, Navarro-Mateu N, Murray R, Selten J-P, van Os J.
Urbanization and psychosis: a study of 1942-1978 birth cohorts in the
Netherlands. Psychol Med 1998;28:871-9.

14. Sundquist K, Frank G, Sundquist J. Urbanisation and incidence of

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

psychosis and depression. Br J Psychiatry 2004;184:293-8.

van Os J, Hanssen M, Bak M, Bijl RV, Vollebergh W. Do urbanicity and
familial liability coparticipate in causing psychosis? Am J Psychiatry
2003;160:477-82.

van Os J, Pedersen CB, Mortensen PB. Confirmation of synergy between
urbanicity and familial liability in the causation of psychosis. Am J
Psychiatry 2004;161:2312-4.

Marcelis M, Takei N, van Os J. Urbanization and risk for schizophrenia:
does the effect operate before or around the time of illness onset? Psychol
Med 1999;29:1197-203.

Spauwen J, Krabbendam L, Lieb R, Wittchen HU, van Os J. Does
urbanicity shift the population expression of psychosis? J Psychiatr Res
2004,38:613-8.

Krabbendam L, van Os J. Schizophrenia and urbanicity: a major
environmental influence — conditional on genetic risk. Schizophr Bull
2005;31:795-9.

Janssen |, Krabbendam L, Bak M, Hanssen M, Vollebergh W, de Graaf
R, etal. Childhood abuse as a risk factor for psychotic experiences. Acta
Psychiatr Scand 2004;109:38-45.

Bebbington PE, Bhugra T, Farrell M, Lewis G, Meltzer H, Jenkins R.
Psychosis, victimization and childhood disadvantage: evidence from the
second British National Survey of Psychiatric Morbidity. Br J Psychiatry
2004,185:220-6.

Spataro J, Mullen PE, Burgess PM, Wells DL, Moss SA. Impact of child
abuse on mental health: prospective study in males and females. Br J
Psychiatry 2004;184:416-21.

Shevlin M, Dorahy GA, Adamson G. Trauma and psychosis: an analysis
of the National Comorbidity Survey. Am J Psychiatry 2007;164:166-9.
Chugani HT, Behen ME, Muzik O, Juhasz C, Nagy F, Chugani DC.
Local brain functional activity following early deprivation: a study of
postinstitutionalized Romanian orphans. Neuroimage 2001;14:
1290-301.

Brown GW, Birley JL. Crises and life changes and the onset of
schizophrenia. J Health Soc Behav 1968;9:203-14.

VenturaJ, Nuechterlein KH, Lukoff D, Hardesty JP. A prospective study
of stressful life events and schizophrenic relapse. J Abnorm Psychol
1989;98:407-11.

Hirsch S, Bowen J, EmamiJ, Cramer P, Jolley A, Haw C, etal. A one year
prospective study of the effect of life events and medication in the
aetiology of schizophrenic relapse. Br J Psychiatry 1996;68:49-56.
Mason O, Starup M, Halpin S, Schall U, Conrad A, Carr V. Risk factors
for transition to first episode psychosis among individuals with “at risk
mental states’. Schizophr Res 2004;71:227-37.

King M, Coker E, Leavey G, Hoare A, Johnson-Sabine E. Incidence of
psychotic illness in London: comparison of ethnic groups. BMJ
1994;29;309:1115-9.

van Os J, Castle DJ, Takei N, Der G, Murray RM. Psychotic illness in
ethnic minorities: clarification from the 1991 census. Psychol Med
1996;26:203-8.

Bhungra D, LeffJ, Mallet R, Der G, Corridan B, Rudge S. Incidence and
outcome of schizophrenia in whites, African-Caribbeans and Asians in
London. Psychol Med 1997;27:791-8.

Selten JP, Veen N, Feller W, Blom JD, Schols D, Camoenié W, et al.
Incidence of psychotic disorders in immigrant groups to the Netherlands.
Br J Psychiatry 2001;178:367-72.

Zolkowska K, Cantor-Grace E, McNeil TF. Increased rates of psychosis
among immigrants to Sweden: is migration a risk factor for psychosis?
Psychol Med 2001;31:669-78.

Cantor-Graae E, Pedersen CB, McNeil TF, Mortensen PB. Migration as
a risk factor for schizophrenia: a Danish population-based cohort study.
Br J Psychiatry 2003;182:117-22.

Cantor-Graae E, Selten JP. Schizophreniaand migration: ameta-analysis
and review. Am J Psychiatry 2005;162:12-24.

Fearon P, Kirkbride JB, Morgan C, Dazzan P, Morgan K, Lloyd T, etal.
AESOP Study Group. Incidence of schizophrenia and other psychoses in

Annals Academy of Medicine



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ethnic minority groups: results from the MRC AESOP Study. Psychol
Med 2006;36:1541-50.

Hutchinson G, Takei N, Bhugra D, Fahy TA, Gilvarry C, Mallett R, et
al. Increased rate of psychosis among African-Caribbeans in Britain is
not due to an excess of pregnancy and birth complications. Br J
Psychiatry 1997;171:145-7.

@degaard @. Emigration and insanity. Acta Psychiatr Neurol Scand
Suppl 1932;4:1-206.

Selten JP, Cantor-Graae E, Slaets J, Kahn RS. Odegaard’s selection
hypothesis revisited: schizophrenia in Surinamese immigrants to the
Netherlands. Am J Psychiatry 2002;159:669-71.

Fearson P, Morgan C. Environmental factors in schizophrenia: the role
of migrant studies. Schizophr Bull 2006;32:405-8.

Boydell J, van Os J, McKenzie K, Allardyce J, Goel R, McCreadie RG, et al.
Incidence of schizophrenia in ethnic minorities in London: ecological study in
interactions with environment. Br J Psychiatry 2001;323:1336-8.

Sharpley M, Hutchinson G, McKenzie K, Murray RM. Understanding
the excess of psychosis among the African-Caribbean population in
England. Review of current hypotheses. Br J Psychiatry Suppl
2001;40:560-68.

Hickling FW, Rodgers-Johnson P. The incidence of first contact
schizophrenia in Jamaica. Br J Psychiatry 1995;167:193-6.

Bhungra D, Hilwig M, Hossein B, Marceau H, Neehall J, Leff J, et al.
First-contact incidence rates of schizophrenia in Trinidad and one-year
follow-up. Br J Psychiatry 1996;169:587-92.

Mahy GE, Mallet R, Leff J, Bhugra D. First-contact incidence rate of
schizophrenia on Barbados. Br J Psychiatry 1999;175:28-33.

Hall FS, Wilkinson LS, Humby T, Inglis W, Kendall DA, Marsden CA,
et al. Isolation rearing in rats: Pre- and postsynaptic changes in striatal
dopaminergic systems. Pharmacol Biochem Behav 1998;59:856-72.
Hall FS, Wilkinson LS, Humby T, Robbins TW. Maternal deprivation
of neonatal rats produces enduring changes in dopamine function.
Synapse 1999;32:37-43.

Morgan D, Grant KA, Gage HD, Mach RH, Kaplan JR, Prioleau O, et
al. Social dominance in monkeys: dopamine D2 receptors and cocaine
self-administration. Nat Neurosci 2002;5:169-74.

Butzlaff RL, Hooley JM. Expressed emotion and psychiatric relapse: a
meta-analysis. Arch Gen Psychiatry 1998;55:547-52.

Tienari P, Wynne LC, Sorri A, Lahti I, Laksy K, Moring J, et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Psychosocial Factors—Caroline Limetal 407

Genotype-environment interaction in schizophrenia-spectrum disorder.
Long-term follow-up study of Finnish adoptees. Br J Psychiatry
2004;184:216-22.

O’Brien MP, Gordon JL, Bearden CE, Lopez SR, Kopelowicz A,
Cannon TD. Positive family environment predicts improvement in
symptoms and social functioning among adolescents at imminent risk
for onset of psychosis. Schizophr Res 2006;81:269-75.

McEwen BS. Plasticity of the hippocampus: adaptation to chronic stress
and allostatic load. Ann N Y Acad Sci 2001;933:265-77.

Weinberger DR, Berman KF, Suddath R, Torrey EF. Evidence of
dysfunction of a prefrontal-limbic network in schizophrenia: a magnetic
resonance imaging and regional cerebral blood flow study of discordant
monozygotic twins. Am J Psychiatry 1992;149:890-7.

Heckers S. Neuroimaging studies of the hippocampus in schizophrenia.
Hippocampus 2001;11:520-8.

Diamond A. Developmental time course in human infants and infant
monkeys and the neural bases of inhibitory control in reaching. Ann N
Y Acad Sci 1990;608:637-69.

Pariante CM, Vassilopoulou K, Velakoulis D, Phillips L, Soulshy B,
Wood SJ, et al. Pituitary volume in psychosis. Br J Psychiatry 2004;185:
5-10.

Bebbington P, Wilkins S, Jones P, Foerster A, Murray R, Toone B, et al.
Life events and psychosis. Initial results from the Camberwell
Collaborative Psychosis Study. Br J Psychiatry 1993;162:72-9.
Myin-Germeys I, van Os J, Schwartz JE, Stone AA, Delespaul PA.
Emotional reactivity to daily life stress in psychosis. Arch Gen Psychiatry
2001;58:1137-44.

Tidey JW, Miczek KA. Social defeat stress selectively alters
mesocorticolimbic dopamine release: an in vivo microdialysis study.
Brain Res 1996 20;721:140-9.

Selten JP, Cantor-Graae E. Social defeat: risk factor for schizophrenia?
Br J Psychiatry 2005;187:101-2.

Walker EF, Diforio D. Schizophrenia: a neural diathesis-stress model.
Psychol Rev 1997;104:667-85.

Spitzer M. A neurocomputational approach to delusions. Compr
Psychiatry 1995;36:83-105.

Kapur S. Psychosis as a state of aberrant salience: a framework linking
biology, phenomenology, and pharmacology in schizophrenia. Am J
Psychiatry 2003;160:13-23.

May 2009, Vol. 38 No. 5



