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a b s t r a c t
There are few studies of environmental factors in familial forms of schizophrenia. We investigated whether
childhood adversity or environmental factors were associated with schizophrenia in a familial sample
where schizophrenia is associated with the NOSA1P gene. We found that a cumulative adversity index including childhood illness, family instability and cannabis use was signiﬁcantly associated with narrow schizophrenia, independent of NOSA1P risk genotype, previously measured childhood trauma, covariates and
familial clustering (adjusted odds ratio (95% conﬁdence interval) = 1.55 (1.01, 2.38)). The results provide
further support that early environmental exposures inﬂuence schizophrenia expression even in the presence
of strong genetic predisposition.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
There is considerable interest in identifying relevant environmental (non-genetic) inﬂuences for studies of gene–environment interactions in schizophrenia (Bassett et al., 2008; van Os et al., 2008).
We recently showed that early trauma, deﬁned as a threat to physical,
emotional or sexual integrity at or younger than 19 years, was significantly associated with the expression of schizophrenia in families
demonstrating genetic predisposition to schizophrenia involving the
nitric oxide synthase 1 [neuronal] adaptor protein (NOS1AP) gene
(Brzustowicz et al., 2004; Wratten et al., 2009; Husted et al., 2010).
The role of NOS1AP in mediating NMDA receptor-associated signaling
is consistent with a prevailing hypothesis implicating the glutamate
neurotransmitter system in the pathophysiology of schizophrenia
(Brzustowicz et al., 2004). NOS1AP and other plausible candidate
genes for schizophrenia susceptibility are members of pathways involved in neuronal connectivity including glutamatergic synapses,
and particularly NMDA receptors, (Brzustowicz et al., 2004).
In the current study we investigated whether other childhood
adversities, including disrupted rearing environment, physical illness
or impairment and cannabis use were associated with schizophrenia
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in this familial sample, independent of early trauma and measured
genetic risk.
2. Methods
Genotypic and detailed lifetime phenotypic and interview data
were available for 165 subjects. All were adult members of a sibline
with at least one affected sibling from 24 multigenerational Canadian
families of Celtic (n = 23) or German (n = 1) descent, ascertained for
study of familial schizophrenia. The ascertainment and assessment
procedures of the sample have been described elsewhere (Bassett
et al., 1994; Brzustowicz et al., 2000; Wratten et al., 2009). There
were 72 individuals with narrow schizophrenia (DSM-III-R schizophrenia or chronic schizoaffective disorder); 90 subjects with broad
schizophrenia (72 with narrow schizophrenia plus 18 with
schizophrenia-spectrum disorders (i.e., non-affective psychotic disorders, or schizotypal or paranoid personality disorders)); and 75 unaffected subjects meeting neither narrow or broad criteria for
schizophrenia nor criteria for any affective psychotic disorder
(Brzustowicz et al., 2000). Written informed consent was obtained
from all subjects. Protocols were approved by the institutional review
boards of the University of Toronto, Rutgers University, University of
Waterloo and the Centre for Addiction and Mental Health.
The primary data source for environmental risk factors was the indepth Structured Clinical Interview for DSM-III-R (SCID-I) that was
modiﬁed to include personal history, inquiring about commonly
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measured childhood adversities (Schilling et al., 2008; Fisher et al.,
2010; Kessler et al., 2010; Galletly et al., 2011). Additional data
sources included medical, social services and legal records, as well
as SCID-I data from other family members and collateral information
provided by other family members. Trained research assistants coded
the presence or absence of trauma previously studied (Husted et al.,
2010). In addition to early trauma, trained research assistants coded
the presence or absence of seven childhood adversities experienced
at or younger than 19 years: 1. disrupted rearing environment (0 =
raised in one household (nuclear family, orphanage, institutions,
extended family, adoptive family) and 1 = raised in 2 or more households; 2) chronic physical illness or impairment (e.g., asthma, diabetes, thyroid disease, arthritis, psoriasis); 3) parental death; 4) sibling
death; 5) parental divorce or separation; 6) parental mental illness
(DSM-III-R schizophrenia, affective psychosis, mood disorder, substance use disorder, anxiety disorder and personality disorder); and
7) parental physical illness (cancer, cardiovascular disease, gastrointestinal disease (inﬂammatory bowel disease), musculoskeletal disorders, neurological disorder (e.g., Parkinson's disease), liver disease
(hepatitis) and infectious disease (tuberculosis, encephalitis)). The
use of cannabis at or younger than 19 years was also dichotomously
scored (van Os et al., 2010). Although precise childhood ages were
unavailable for several subjects, data were sufﬁcient to determine
whether events occurred at or before 19 years and/or before age
at onset of psychosis. A cumulative environmental risk index was
created by summing the number of the seven childhood adversities
and early cannabis use experienced (i.e. possible scores 0 to 8).
The measured genetic risk was presence or absence of the NOS1AP
schizophrenia risk genotype (Wratten et al., 2009; Husted et al.,
2010). To reﬂect additional non-speciﬁc genetic inﬂuence, parental
history of broadly deﬁned schizophrenia was also considered. Other
covariates included number of siblings (accounting for withinsibline variability in the number of affected and unaffected siblings),
age, gender and educational level (Husted et al., 2010).
The main analyses compared subjects with narrow schizophrenia
(n = 72) to the unaffected group (n = 75). We used chi-square test
statistics to compare the two groups on prevalence of the seven childhood adversities and early cannabis use. Odds ratios (OR) and 95% CI
were used to assess the association between the cumulative environmental risk score and expression of schizophrenia, adjusting for
risk genotype, previously investigated early trauma (Husted et al.,
2010) and other covariates. Further, to adjust for familial clustering,
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we used Generalized Estimating Equations (GEE) (Liang and Zeger,
1986), implemented in SAS Proc Genmod (SAS Institute Inc., 2003).
Backward elimination was then used to remove any variables in the
cumulative measure that were not signiﬁcantly associated with expression of schizophrenia (p-value > 0.10), potentially masking the
relationship between environmental risk index and schizophrenia
(Schilling et al., 2008). Missing data were excluded from the analysis
and assumed to be missing at random (Rubin, 1976).
3. Results
Table 1 shows the sample characteristics. The mean age at onset in
the narrow schizophrenia group was 24.3 years (SD = 9.0). Overall, the
sample was through the peak period of risk of schizophrenia, with only
18 (2.0%) unaffected subjects being younger than age 40 years and
none younger than age 22 years. The prevalence of maternal or paternal history of schizophrenia was 27% and 21% respectively.
Scores on the cumulative environmental risk index ranged from 1
to 7, with a mean and median of 3.4 (SD = 1.5) and 3, respectively.
Parental mental illness of any sort was the most common childhood
adversity (44.6%). The next most prevalent adversities were disruption in rearing environment (40.0%), and childhood chronic illness
or impairment (38.0%). Twenty-ﬁve percent of the sample reported
a sibling death before or at age 19 years. A similar proportion
(24.5%) reported early cannabis use and 24% reported parental physical illness before or at age 19 years. History of parental divorce or
permanent separation and early parental death was reported by 11%
and 9%, respectively.
The prevalence of cannabis use, disrupted rearing environment
and childhood illness/impairment was higher in subjects with narrow
schizophrenia compared with unaffected subjects, although only the
difference in childhood illness was statistically signiﬁcant (p b 0.05).
We found a non-signiﬁcant association between scores on the
cumulative environmental risk index and expression of narrow
schizophrenia (OR = 1.01, (95% CI) 0.81, 1.25, adjusted for familial
clustering). However, the results of the backward elimination analyses indicated that parental death, sibling death and parental physical illness were unrelated to expression of schizophrenia (p > 0.10).
We repeated the analyses excluding these variables and found that
scores on the modiﬁed environmental risk index were signiﬁcantly
associated with expression of narrow schizophrenia, independent of
risk genotype, early childhood trauma, covariates and familial

Table 1
Characteristics of the familial sample of affected and unaffected siblings (n = 165).a
Variable

Age in years
Number of siblingsc

Male sex
Educational level high school or above
Genetic factors
NOS1AP risk genotype
Paternal history of broadly deﬁned schizophrenia
Maternal history of broadly deﬁned schizophrenia
Trauma
History of early trauma
a

Narrowly deﬁned
schizophrenia (n = 72)

Broadly deﬁned
schizophreniab (n = 90)

Unaffected (n = 75)

Mean

(SD)

Mean

(SD)

Mean

(SD)

51.6
6.8⁎

(13.8)
(4.5)

51.8
7.1⁎

(13.7)
(4.4)

49.6
8.5

(12.0)
(3.8)

n

(%)

n

(%)

n

(%)

41
24⁎⁎⁎

(53.9)
(31.6)

51
32⁎⁎⁎

(53.7)
(33.7)

32
58

(39.5)
(71.6)

63⁎⁎
17
25

(82.9)
(22.4)
(32.9)

77⁎⁎
21
28

(81.1)
(22.1)
(29.5)

44
17
22

(54.3)
(20.9)
(27.2)

15⁎

(19.7)

17

(17.9)

7

(8.6)

Chi-square and t-test statistics were used to compare characteristics between narrowly deﬁned schizophrenia and unaffected groups and broadly deﬁned schizophrenia and
unaffected groups.
b
Broadly deﬁned schizophrenia comprised those with narrowly deﬁned schizophrenia (n = 72) and subjects with schizophrenia-spectrum disorders (non-affective psychotic
disorders, schizotypal or paranoid personality disorders) (n = 18).
c
The mean number of siblings varied due to within-family variability in the number of affected and unaffected subjects.
⁎ p b 0.05.
⁎⁎ p b 0.001.
⁎⁎⁎ p b 0.0001.
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clustering (adjusted OR (95% CI) = 1.55 (1.01, 2.38)). Similar results
were observed for broad schizophrenia and when parental history
of schizophrenia was controlled, in place of the NOS1AP risk genotype
(data not shown).
4. Discussion
All 165 subjects from the families studied experienced at least one of
the seven adversities measured, with 50% reporting more than three.
Approximately one in four reported early cannabis use. Scores on the
cumulative environmental risk index including cannabis use, chronic
childhood illness or impairment, disrupted rearing environment, parental divorce (separation) and parental mental illness of any sort were associated with expression of narrow schizophrenia, even after adjusting
for NOS1AP risk genotype (or parental history of schizophrenia), childhood trauma, covariates and familial clustering. This is consistent with
a recent study showing that higher levels of exposure to childhood adversities (including both trauma and familial or household instability)
and cannabis use are associated with an increased risk of psychosis in
general (Galletly et al., 2011), as well as general population studies
showing signiﬁcant associations between level of childhood adversity
and adult psychopathology (Clark et al., 2010; Kessler et al., 2010).
Major advantages of the present study include the lifetime phenotypic data and detailed family history available in addition to the
identiﬁcation in these families of a risk allele of NOS1AP. Nevertheless, as with any retrospective study, one cannot be truly certain of
the history of childhood adversities and cannabis use and thus cannot
rule out the possibility that these may be more likely to be reported
for affected than unaffected individuals. We attempted to minimize
such recall bias by using the same comprehensive assessment, multiple sources of information, assuring conﬁdentiality and keeping data
abstractors blind to the hypothesis (Morgan and Fisher, 2007).
Although age may be an important factor in studying childhood adversity, especially for shared familial factors (e.g., parental death),
we were unable to assess the impact of speciﬁc age at initial exposure
to measured childhood adversities or cannabis use (Fisher et al.,
2010). The sample size precluded the ability to test for interactions
between the measured environmental risk factors (Houston et al.,
2008). Finally, the measured environmental factors could act as a
marker of speciﬁc genetic predisposition in our sample. However,
we found no evidence that the NOS1AP risk genotype (or parental history of schizophrenia) was signiﬁcantly associated with the probability of exposure to cannabis use or the measured adversities.
The results provide further support that early environmental risks
may play a role in the expression of schizophrenia even in the presence of strong genetic predisposition.
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