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Objective: The urban environment and
familial liability are risk factors for psy-
choticillness, but it is not known whether
a biological synergism exists between
these two proxy causes.

Method: The amount of biological syner-
gism between familial liability (defined as
a family history of delusions and/or hallu-
cinations necessitating psychiatric treat-
ment) and a five-level rating of popula-
tion density of place of residence was
estimated from the additive statistical in-
teraction in a general population risk set
of 5,550 individuals.

Results: Both the level of urbanicity (ad-
justed summary odds ratio=1.57, 95% Cl=
1.30-1.89) and familial liability (adjusted
odds ratio=4.59, 95% C1=2.41-8.74) in-

creased the risk for psychotic disorder, in-
dependently of each other. However, the
effect of urbanicity on the additive scale
was much larger for individuals with evi-
dence of familial liability (risk difference=
2.58%) than in those without familial liabil-
ity (risk difference=0.40%). An estimated
60%-70% of the individuals exposed to
both urbanicity and familial liability had
developed psychotic disorder because of
the synergistic action of the two proxy
causes.

Conclusions: Given that familial cluster-
ing of psychosis is thought to reflect the
effect of shared genes, the findings sup-
port a mechanism of gene-environment
interaction in the causation of psychosis.

(Am J Psychiatry 2003; 160:477-482)

Urban birth and upbringing are associated with later
risk for schizophrenia (1-4). A plausible explanation for
this finding is that one or more environmental risk factors
for later psychotic outcomes that operate early in life are
prevalent in urban areas (5). If urbanicity represents an as
yet unknown environmental risk factor for schizophrenia,
the question arises as to what degree this risk interacts
with personal vulnerability factors, in particular familial
liability to psychosis, which is thought to largely represent
the influence of shared genes rather than shared environ-
ment (6, 7). Biological synergism between genetic liability
and environmental risk is thought to be common in multi-
factorial disorders such as schizophrenia (8-11). However,
recent progress in the study of interactions indicates that
the most frequently used statistical models of interaction
are not suitable for identifying biological synergism. For
example, the commonly used statistical models in which
genes and environment multiply each other’s effects (mul-
tiplicative models) assume that individuals who are ex-
posed to both the genetic and the environmental factors
cannot have contracted the illness because of the effect of
genes alone or of the environment alone (12). It has been
shown that the true degree to which two causes copartici-
pate in producing an outcome can be estimated from (but
is not the same as) the additive statistical interaction (see
reference 12). This method was recently applied to risk for
schizophrenia to show synergy between traumatic head
injury and familial liability (13). In the current study, we
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wished to investigate to what degree urbanicity and famil-
ial liability for psychosis coparticipate in producing psy-
chosis outcomes, using recently specified models to ex-
amine biological synergism between two causes.

Method

Subjects

The Netherlands Mental Health Survey and Incidence Study is
a prospective study with three measurement points (time 1, time
2, and time 3) over a period of 3 years (14, 15). The current report
is based on the lifetime prevalence of psychosis assessed at time 1
(N=7,076 responders) and on first-degree family history data as-
sessed at time 2 (N=5,618 responders). A multistage, stratified,
random sampling procedure was used to identify a total of 7,076
individuals (response rate: 69.7%) who provided written in-
formed consent in conformity with the local ethics committee
guidelines. Nearly 44% of the nonresponders agreed to complete
a postal questionnaire, including a General Health Questionnaire
(16), and were found to have the same mean General Health
Questionnaire score as the responders (mean score=1.19 for the
responders and 1.16 for the nonresponders). Nonresponse was
not associated with the level of urbanicity (14, 15).

Instruments

Subjects were interviewed at home. The Composite Interna-
tional Diagnostic Interview (CIDI) version 1.1 (17) was used,
yielding DSM-III-R diagnoses. The CIDI was designed for use by
trained interviewers who are not clinicians and has been found
to have high interrater reliability (18) and high test-retest reliabil-
ity (19). Ninety interviewers experienced in systematic data col-
lection collected the data, after having received a 3-day training
course in recruiting and interviewing, followed by a 4-day course
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at the World Health Organization CIDI training center in Am-
sterdam. Extensive monitoring and quality checks took place
throughout the data collection period (15).

Psychosis Ratings

Lifetime ratings from the 17 CIDI core psychosis sections on de-
lusions (13 items) and hallucinations (four items) were used
(items G1-G13, G15, G16, G20, G21). These items concern classic
psychotic symptoms involving, for example, persecution, thought
interference, auditory hallucinations, and passivity phenomena.
These items can be rated in six ways: 1=no symptom, 2=symptom
is present but not clinically relevant (the person is not bothered by
it and not seeking help for it), 3=symptom is a result of ingestion of
drugs, 4=symptom is a result of somatic disease, 5=true psychiat-
ric symptom, 6=symptom may not really be a symptom because
there appears to be some plausible explanation for it. Because
psychotic symptoms are difficult to diagnose in a structured inter-
view (20), clinical reinterviews were conducted over the telephone
by an experienced trainee psychiatrist for all individuals who had
atleast one rating of 5 or 6. Questions from the Structured Clinical
Interview for DSM-III-R (SCID), an instrument with proven reli-
ability and validity in the diagnosis of schizophrenia (21), were
used in the clinical reinterviews. CIDI ratings were corrected on
the basis of these reinterviews.

In the baseline sample of 7,076 responders, the prevalences of
the possible CIDI ratings for the 17 psychosis items were: N=915
(12.9%) for any rating of 2, N=39 (0.6%) for any rating of 3 or 4, N=
295 (4.2%) for any rating of 5, and N=285 (4.0%) for any rating of 6.
Validation of the contrasts implied by these ratings has been pre-
sented previously (4, 22).

The Netherlands Mental Health Survey and Incidence Study
lifetime DSM-III-R diagnoses of psychotic disorder are based on
the data from the clinical reinterviews. Psychotic disorder out-
come was defined as any DSM-III-R affective or nonaffective psy-
chotic diagnosis.

Level of Urbanicity

Five levels of urbanicity were defined, following the standard
classification of the Dutch Central Bureau of Statistics for the level
of urbanization of places of residence. The classification is based
on a measure of residential density consisting of the number of
addresses per km? within a circle with a radius of 1 km from a
given place of residence as the center of the circle. The mean res-
idential density of all the addresses within a geographical area
constitutes the level of urbanicity of that area. Levels 1-5 in the
classification designate <500, 500-999, 1000-1499, 1500-2499,
and 22500 addresses per km?, respectively.

Risk Set

The risk set consisted of 5,550 individuals who 1) had valid
CIDI psychosis ratings at baseline and 2) had valid family history
data at time 2. The risk set included 2,571 men (46.3%). The mean
age of the entire risk set was 41.0 years (SD=11.9). Of the 5,550 in-
dividuals, 78 (1.4%) had a DSM-III-R diagnosis of affective or
nonaffective psychosis, 211 (3.8%) had at least one CIDI symptom
rating of 5, and 694 (12.5%) had at least one CIDI symptom rating
of 2.

Family History of Psychosis

At the time 2 interview, subjects were asked whether each first-
degree relative had ever had delusions or hallucinations. In addi-
tion, subjects were asked if any first-degree relative or half-sibling
had ever received treatment from a psychiatrist or had ever been
admitted to a psychiatric hospital for a mental health problem.
The risk set included 310 probands (5.6%) who indicated that a
first-degree relative had ever had delusions or hallucinations, 201
(3.6% of the risk set) of whom indicated that the relative with de-
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lusions or hallucinations had received psychiatric treatment.
These two groups were designated, respectively, those with a fam-
ily history of psychosis broadly defined and those with a history of
psychosis narrowly defined. A total of 804 probands (14.5%) re-
ported a family history of psychiatric treatment for conditions
other than delusions or hallucinations.

The validity of these measures was examined by using logistic
regression. A family history of psychosis broadly defined was
strongly associated with a family history of treatment by a psychi-
atrist or admission to a psychiatric hospital (odds ratio=16.88,
95% CI=12.89-22.10) and family history of suicide (odds ratio=
7.99, 95% CI=5.09-12.56). A family history of treatment for delu-
sions or hallucinations (family history of psychosis narrowly de-
fined) was strongly associated with any DSM-III-R psychotic dis-
order in the probands (odds ratio=5.08, 95% CI=2.70-9.56), and
the association remained when adjusted for the effect of a family
history of any psychiatric treatment (odds ratio=2.89, 95% Cl=
1.37-6.09). Family history of treatment for delusions or hallucina-
tions (family history of psychosis narrowly defined) was weakly
associated with any DSM-III-R disorder (psychotic or nonpsy-
chotic) in the probands (odds ratio=1.70, 95% CI=1.28-2.25), and
the association did not remain after adjustment for a family his-
tory of any psychiatric treatment (odds ratio=1.13, 95% CI=0.83-
1.54).

Data Analyses

The lifetime prevalences of psychotic disorder in the probands,
family history of psychosis broadly defined, and family history of
psychosis narrowly defined were examined in relation to the level
of urbanicity of the place of residence, with the result adjusted for
the a priori selected possible confounding effects of age in years;
sex; level of education (four levels); and country of birth of the
proband, the proband’s mother, and the proband’s father (coded
Dutch-born, foreign-born, or data missing). In addition, to assess
whether any effect of urbanicity on psychotic disorder in the pro-
bands could be explained by urban drift of parents with vulnera-
bility to psychosis, the analysis adjusted for a history of delusions
or hallucinations in the mother or the father as reported by the
proband. To assess whether any effect of urbanicity on psychosis
in the relatives could be explained by a reporting bias in probands
with psychotic disorder, analyses excluding data from probands
with a DSM-III-R psychotic disorder were also conducted.

In line with recent advances in the conceptualization of inter-
action, we calculated the statistical additive interaction and used
the result to estimate the amount of biological synergism be-
tween urbanicity and family history in the population. This was
done by using the calculations developed by Darroch (12). For
these analyses, a dichotomized measure of urbanicity was used
(levels 1, 2, and 3 were coded as 0, and levels 4 and 5 were coded
as 1). To calculate the statistical interaction under an additive
model, the BINREG procedure in STATA (23), which fits general-
ized linear models for the binomial family estimating risk differ-
ences (24, 25), was used to model interactions between urbanicity
and family history in the risk set. The statistical significance of the
interactions was assessed by using the Wald test (26). To examine
the specificity of any interaction between family history of psy-
chosis and urbanicity, we also examined the interaction between
urbanicity and family history of a nonpsychotic condition.

Sensitivity Analysis

Of the total of 479 individuals who were eligible for a clinical re-
interview over the telephone at baseline, 226 (47.2%) were actu-
ally interviewed. To examine whether the results were affected by
the incomplete clinical reinterview rate, we conducted a sensitiv-
ity analysis excluding the individuals who were eligible for clinical
reinterview but who were not contacted, thus leaving only those
who had been rated by clinicians.
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TABLE 1. Associations Between Urbanicity and Personal and Family History of Psychosis in Probands With a DSM-III-R
Psychotic Disorder and Probands With a Family History of Psychosis Broadly and Narrowly Defined in a General Popula-
tion Sample in the Netherlands

Probands With DSM-III-R Probands With a Family History  Probands With a Family History

Psychotic Disorder

of Psychosis Broadly Defined®  of Psychosis Narrowly Defined?

Total 0dds
Variable N N % Ratio

95% ClI

0dds 0dds

N % Ratio  95% Cl N % Ratio  95% Cl

Urbanicity rating®
Level 1 (lowest) 971 5 0.51
Level 2 1,270 10 0.79
Level 3 1,219 18 1.48
Level 4 1,165 18 1.55
Level 5 (highest) 925 27 292
Analysis
Summary odds ratio linear trend 1.51
0dds ratio adjusted for proband
demographic characteristicsd 1.57
0dds ratio adjusted for proband
demographic characteristics
and clinical history® 1.54
Adjusted and restricted odds
ratiof 1.54

1.26-1.81 1.24

1.30-1.89 1.22

1.27-1.86 1.20

1.22-1.94 1.19

34  3.50 25 257
55 4.33 32 252
77  6.32 49  4.02
64 549 44  3.78
80 8.65 51 5.51

1.14-1.35 1.23 1.10-1.37

1.12-1.34 1.22 1.09-1.36

1.10-1.34 1.20 1.07-1.33

1.09-1.31 1.19 1.06-1.33

2 Proband reported that at least one first-degree relative had ever had delusions or hallucinations.
b proband reported that at least one first-degree relative had ever had delusions or hallucinations and that this relative had ever received psy-

chiatric treatment for a mental health problem.

¢ Urbanicity levels 1 to 5 rated on the basis of the following densities of addresses per square kilometer: <500, 500-999, 1000-1499, 1500—

2499, and =22500.

d Adjusted for age, sex, level of education, and country of birth of the proband, proband’s mother, and proband’s father.

€ For probands with a psychotic disorder: adjusted for age, sex, level of education, and country of birth of proband, proband’s mother, and
proband’s father and for parental history of delusions or hallucinations. For probands with a family history of psychotic disorder: adjusted
for age, sex, level of education, and country of birth of proband, proband’s mother, and proband’s father and for DSM-I1I-R psychotic disor-

der in the proband.

f For probands with a psychotic disorder, excluding probands with ratings of 5 or 6 on Composite International Diagnotic Interview psychosis
items who were eligible for a clinical reinterview but who were not contacted: adjusted for age, sex, level of education, and country of birth
of proband, proband’s mother, and proband’s father and for parental history of delusions or hallucinations. For probands with a family his-
tory of psychotic disorder, excluding probands with a DSM-III-R psychotic disorder: adjusted for age, sex, level of education, and country of

birth of proband, proband’s mother, and proband’s father.

Results

Urbanicity, Family History, and Psychosis

The five-level urbanicity rating was strongly associated
with all psychotic outcomes in both the probands and the
relatives. A DSM-III-R diagnosis of psychotic disorder in
the proband, a family history of psychosis broadly de-
fined, and a family history of psychosis narrowly defined
were all more common in progressively more urbanized
areas (Table 1). Adjustment for age, sex, level of education,
and the countries of birth of the proband and the
proband’s parents did not reduce the associations (Table
1). Additional adjustment for parental history of psychosis
did not reduce the association between urbanicity and
proband psychosis outcomes, and additional adjustment
for proband psychotic disorder did not reduce the associ-
ation between urbanicity and relatives’ psychosis out-
comes (Table 1). The association between psychotic disor-
der in the proband and urbanicity remained unchanged if
individuals with CIDI psychosis ratings who had been eli-
gible but were not contacted for clinical reinterview were
excluded from the analysis, and the association between
relatives’ psychosis outcomes and urbanicity remained
unchanged if probands with psychotic disorder were ex-
cluded (Table 1).
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A family history of delusions and/or hallucinations in
first-degree relatives was strongly associated with psy-
chotic disorder in the probands (family history of psycho-
sis broadly defined: odds ratio=5.73, 95% CI=3.37-9.74;
family history of psychosis narrowly defined: odds ratio=
5.08, 95% CI=2.70-9.56). These associations remained af-
ter adjustment for age, sex, level of education, country of
birth of the proband and the proband’s parents, and urba-
nicity (family history of psychosis broadly defined: odds
ratio=5.26, 95% CI=3.06-9.04; family history of psychosis
narrowly defined: odds ratio=4.59, 95% CI=2.41-8.74).

Interaction Between Urbanicity
and Family History

There was a significant positive interaction on the addi-
tive scale between urbanicity and family history in their
effects on psychotic disorder in the proband (Table 2)
(family history of psychosis broadly defined: x?=15.42, df=
1, p<0.001; family history of psychosis narrowly defined:
x?=9.12, df=1, p=0.003). This interaction remained after
adjustment for a family history of treatment for any psy-
chiatric disorder (family history of psychosis broadly de-
fined: model did not converge; family history of psychosis
narrowly defined: x?=9.65, df=1, p<0.002). The interaction
also remained if individuals with CIDI psychosis ratings
who had been eligible for clinical reinterview but were not
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TABLE 2. Interactions Between Urbanicity and Family History of Psychosis Broadly and Narrowly Defined in Probands With
a DSM-III-R Psychotic Disorder in a General Population Sample in the Netherlands

Probands With a Family History
of Psychosis

Probands Without a Family History
of Psychosis

Probands With DSM-I1I-R
Psychotic Disorder

Summary Increase
in Risk With One

Definition of Family Unit Change in

Probands With DSM-III-R
Psychotic Disorder

Summary Increase
in Risk With One
Unit Change in

History of Psychosis Urbanicity Rating Urbanicity Rating Risk
and Urbanicity Rating? TotalN N % % 95% Cl TotalN N % % 95% Cl Difference 95% Cl
Family history of psychosis
broadly defined® 310 2.65¢ 1.51t03.78 5,240 0.34¢ 0.14t00.54
Level 1 (lowest) 34 0 0.00 937 5 053 -0.53% -1.00to -0.07
Level 2 55 1 1.82 1,215 9 0.74 1.08% —-2.49t0 4.64
Level 3 77 4 5.19 1,142 14 1.23 3.96% -1.03to 8.97
Level 4 64 7 10.94 1,701 11 1.00 9.94% 2.27t0 17.61
Level 5 (highest) 80 7 8.75 845 20 2.37 6.38% 0.11to 12.66
Family history of psychosis
narrowly definedd 201 2.58¢ 1.18103.97 5,349 0.40¢ 0.19t0 0.60
Level 1 (lowest) 25 0 0.00 946 5 053 -0.53% -0.99 to —0.07
Level 2 32 1 3.13 1,238 9 0.73 2.39% -3.651t08.45
Level 3 49 2 4.08 1,170 16 1.37 2.71 -2.87 to 8.29
Level 4 44 4 9.09 1,121 14 1.25 7.84 -0.68 to 16.4
Level 5 (highest) 51 5 9.80 874 22 2.52 7.29 —0.94 to 15.51

a Urbanicity levels 1to 5 rated on the basis of the following densities of addresses per km?2: <500, 500-999, 1000-1499, 1500-2499, and =2500.

b Proband reported that at least one first-degree relative had ever had delusions or hallucinations.

¢ Signficant additive interaction (test for significance of difference in increase in risk with one unit change in urbanicity rating between
proband groups with and without a family history of psychosis) (Wald x2=15.42, df=1, p<0.001). Approximate proportion of individuals ex-
posed to both urbanicity (urbanicity rating of level 4 or 5) and family history of psychosis who developed psychosis because of the synergistic
action of the two causes was 61%—68% (calculated according to the procedure described by Darroch [12]).

d proband reported that at least one first-degree relative had ever had delusions or hallucinations and that this relative had ever received psy-

chiatric treatment for a mental health problem.

€ Signficant additive interaction (test for significance of difference in increase in risk with one unit change in urbanicity rating between
proband groups with and without a family history of psychosis) (Wald x2=9.12, df=1, p=0.003). Approximate proportion of individuals ex-
posed to both urbanicity (urbanicity rating of level 4 or 5) and family history of psychosis who developed psychosis because of the synergistic
action of the two causes was 61%—70% (calculated according to the procedure described by Darroch [12]).

contacted were excluded from the analysis (our sensitivity
analysis) (family history of psychosis broadly defined: x?=
11.58, df=1, p<0.001; family history of psychosis narrowly
defined: x?=5.99, df=1, p<0.02). No such interaction was
present for family history of treatment for nonpsychotic
disorder (x?=0.38, df=1, p=0.54).

Biological Synergism

The risk of psychotic disorder in the group exposed to
neither urbanicity (the dichotomized measure of urbanic-
ity as described in the Method section) nor family history
of psychosis broadly defined was 0.85% (28 of 3,294). The
risk of psychotic disorder in the group exposed to urbanic-
ity alone was 1.59% (31 of 1,946), the risk in those exposed
only to family history of psychosis broadly defined was
3.01% (5/166), and the risk in those exposed to both ur-
banicity and family history of psychosis broadly defined
was 9.72% (14/144). Filling in these risks in the formulas
provided by Darroch (12) revealed that synergism was be-
tween 0.0588 and 0.0662, which represents respectively
61% and 68% of the risk in those exposed to both urbanic-
ity and family history (0.0588/0.0972=61% and 0.0662/
0.0972=68%) (a spreadsheet to help in calculating syner-
gism is available upon request). Thus, an estimated 60%—
70% of the individuals exposed to both urbanicity and
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family history had developed psychotic disorder because
of the synergistic action of the two proxy causes (Table 2).

Discussion

The risk-increasing effect of urbanicity on the occur-
rence of psychotic disorder was greater in those with
higher levels of familial liability for psychosis, indepen-
dent of familial liability for other psychiatric morbidity.
Between 60% and 70% of the psychosis outcome in pro-
bands exposed to both familial liability and urbanicity was
attributable to the synergistic action of these two factors.

Can Differential Misclassification
Explain the Findings?

As psychotic illness in the probands was more common
in urban areas, a bias leading to a spurious increase in fam-
ily history in urban areas could have been introduced if
probands with psychotic illness were more likely to report
similar symptoms in their relatives than were probands
without psychotic illness. However, the association be-
tween psychosis outcomes in the relatives and urbanicity
remained unchanged when the probands with psychotic
disorder were excluded from the analysis. A bias leading to
aspurious interaction between family history and urbanic-
ity could have been introduced if 1) probands with psy-
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choticillness in urban areas were more likely to report sim-
ilar symptoms in their relatives than were probands with
psychotic illness in nonurban areas and 2) the same mech-
anism of differential reporting did not operate in probands
without psychotic illness. This is highly implausible. Bias
could also have been introduced by differential rating of
psychosis due to incomplete clinical reinterview rates at
baseline. However, excluding the individuals who were eli-
gible for clinical reinterview but who had not been con-
tacted, thus leaving only those who had been rated by clini-
cians, did not affect the results. Another potential source of
bias is that lifetime rates of psychotic disorder were exam-
ined in relation to current urban residence. Thus, one ex-
planation for the findings is that symptomatic probands,
or their symptomatic parents, could have “drifted” to ur-
ban areas. However, in a previous study in the Netherlands
we found a high degree of lifetime stability of urban expo-
sure in the probands (5). In another study the association
between urbanicity and psychosis in the probands was not
reduced after adjustment for psychosis in the parents (27).

Can Nondifferential Misclassification
Explain the Findings?

Our rating of family history is subject to misclassifica-
tion. However, reports of family history of psychotic disor-
ders are more reliable than those of family history of other
psychiatric conditions (28). Furthermore, the validity is
suggested by several observations. First, the overall preva-
lence of a family history of treated delusions and halluci-
nations was 3.6%, which is very similar to the prevalence
of psychotic symptoms associated with treatment seeking
in the probands (the prevalence of a CIDI psychotic symp-
tom rating of 5 was 3.8%). Second, the validity of the family
history rating was suggested by 1) the strong association
with psychiatric treatment and 2) the strong association
with suicide. Discriminant validity was suggested by the
fact that a family history of psychosis predicted psychosis
in the probands independent of a family history of treat-
ment for any psychiatric disorder but did not predict any
DSM-III-R disorder independent of a family history of
treatment for any psychiatric disorder. Third, our ratings
of family history considered much broader phenomena
than the DSM-III-R diagnosis of schizophrenia. However,
we consider the broader definition of psychosis an advan-
tage rather than a disadvantage, given the fact that genetic
liability for schizophrenia is also expressed in milder
“schizotypic” phenotypes; thus, our broader measure is
likely to produce fewer false negative results than a family
history of stringently defined psychotic disorder (29).

Synergism Between Urbanicity
and Familial Liability

Familial clustering can be due to both environmental
and genetic effects. However, studies teasing apart envi-
ronmental and genetic factors have indicated that familial
clustering of psychosis reflects the effects of shared genes
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rather than shared environment (6). These previous anal-
yses suggest that our findings can be interpreted in terms
of a gene-environment interaction rather than an environ-
ment-environment interaction. One previous study exam-
ined the interaction between familial liability, as a proxy
measure of genetic risk, and urbanicity, but the compari-
son involved statistical multiplicative interaction rather
than biological synergism. Had we used a multiplicative
model, we would not have found evidence of interaction
(post hoc analysis, family history of psychosis broadly de-
fined: x?=0.48, df=1, p=0.49; post hoc analysis, family his-
tory of psychosis narrowly defined: x?=0.33 df=1, p=0.57).
Our results therefore suggest that an environmental risk
factor in the urban environment serves as a powerful po-
tentiator of genetic risk for psychosis.

It has been suggested that the high rates of psychotic ill-
ness in urban environments are the result of the influence
of environmental factors that operate long before the on-
set of schizophrenia (5, 30). This theory implies that bio-
logical synergism between genetic and environmental risk
as identified in this study occurs during development. The
validity of a possible developmental mechanism involving
gene-environment interaction is supported by data from a
Finnish adoption cohort of children at high genetic risk for
schizophrenia (31). That study showed that adverse ex-
periences in childhood and adolescence may be crucial in
determining the transition from psychosis genotype to
phenotype. A possible developmental mechanism
whereby social factors in the urban environment may in-
teract with genetic liability for adult psychosis consists of
the effects of the wider social environment, such as the
neighborhood environment, on child and adolescent de-
velopment (32). Differences in the level of deprivation and
social isolation in the neighborhood environment in ur-
ban areas have been shown to be associated with variation
in a range of mental health outcomes from problem be-
havior in children (33) to incidence of schizophrenia (34).
Social environments with a high level of deprivation and a
low level of social capital (35) may constitute the environ-
ments that interact with genetic liability to increase the
risk for psychotic illness.
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