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Abstract: Problem statement: Schizophrenia is one of the most serious forms of mental diseases, but
the etiology of schizophrenia is still not well understood. Investigations are required to gain better
understanding of the pre-onset course of schizophrenia. Approach: This study was a populationbased birth-cohort study of males born between 1980 and 1984 in Western Australia (WA). Males
were identified using birth registry records and followed-up until December 31st, 2009 or death
using linked health data available through the Western Australian Data Linkage System (WADLS).
Results: Children who developed a mental disorder before the age of 12 yrs had about at twice the risk
of developing schizophrenia compared to those without a diagnosis. Increased risks appeared to be
greatest for specific delays in development and hyperkinetic syndrome of childhood. Conclusion:
Children with childhood mental disorders are at higher risk of being diagnosed with schizophrenia later
in life. These findings provide further evidence to support the hypothesis that schizophrenia is a
neurodevelopmental disorder.
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mental and psychological deficits before the onset of
schizophrenia. It has been observed that children who
later developed schizophrenia were more likely to have
poorer progress in psychological and cognitive
functions at ages 13-16 yrs (Jones et al., 1994). A
recently published New Zealand study, suggested that
schizophrenia patients may encounter developmental
deficits at ages as young as 7-13 yrs (Reichenberg et al.,
2010). It was also reported that children with
schizophrenia outcome demonstrated abnormal social
behaviors and showed less positive emotion (Walker et
al., 2004; Walker et al., 1993). In these previous studies,
most of the psychological and cognitive abnormalities
observed among children who later developed
schizophrenia were mild or moderate and did not reach
the severity required for clinical diagnosis (Walker et al.,
2004). In order to gain better understanding of the preonset course of schizophrenia, this study was conducted
to investigate the association between diagnosed
childhood mental disorders (0-12 yrs) and schizophrenia
among an Australian male population.

INTRODUCTION
Schizophrenia is one of the most serious forms of
mental diseases affecting about 1% of the general
population worldwide (Maki et al., 2005) and it has
been estimated to account for 2.3% of the total burden
of disease in developed countries (Hales et al., 2008).
As a chronic disease, schizophrenia affects not only the
life of patients but also poses significant burden on
close family members (Hales et al., 2008; McGrath et
al., 2008). The consensus view among the literature
appears
to
be
that
schizophrenia
is
a
neurodevelopmental disorder (Fatemi and Folsom,
2009; Pearce, 2001; Murray and Lewis, 1987;
Omranifard and Asadollahi, 2009), however the
etiology of schizophrenia is still not well understood
(Hales et al., 2008; Walker et al., 2004; Jayyab, 2010).
One of the weaknesses of the neurodevelopmental
model is that there is a long time gap between
neurodevelopment which occurs during the prenatal and
early childhood periods and the onset of schizophrenia
symptoms, which tend to occur in the 20s (Hales et al.,
2008; Fatemi and Folsom, 2009; Girolamo et al., 2012).
However,
it
is
possible
that
abnormal
neurodevelopment may lead to other detectable mental
and psychical abnormalities before the onset of
schizophrenia. A few studies have identified signs of

METERIALS AND METHODS
This study was a population-based birth-cohort
study of males born between 1980 and 1984 in Western
Australia (WA). Males were identified using birth
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registry records and followed-up until December 31st,
2009 or death using linked health data available through
the Western Australian Data Linkage System
(WADLS) (Holman et al., 1999).
Demographics, hospitalization and outpatient visit
records of mental health conditions before the age of
12yrs and diagnosis of schizophrenia in outpatient or
inpatient psychiatric service during the follow-up
period were identified for the birth cohort from three
databases and linked by the WADLS. The youngest age
at diagnosis of schizophrenia in this birth cohort was 12
yrs (one participant only). Data sources included: (i)
Midwives Notifications Data, (ii) mental health service
records from the WA Mental Health Ambulatory Data
System; (iii) WA hospital morbidity data system; (iv)
Birth Registry data; and (v) Mortality Data. The WA
hospital morbidity Data System included separations
from all WA public and private acute hospitals
(Holman et al., 1999). The mental health service
records and the WA Hospital Morbidity Data System
included all WA public and private psychiatric
hospitals and all attendances at public psychiatric
outpatient clinics (Holman et al., 1999). The reliability
and quality of these linked data have been confirmed
previously (Holman et al., 1999). In the Hospital
Morbidity Data and the Mental Health Ambulatory
Data, diagnosis of mental disorder was mainly coded
using ICD-9 (only one diagnosis of mental disorder was
coded in ICD-10) during the exposure period (19801996). Both ICD-9 codes and ICD-10 codes were used
for some periods of the follow-up and therefore both
ICD-9 codes (295) and ICD-10 codes (F20) were used
to identify diagnosis of schizophrenia.
To control for potential confounding effects of
socio-economic status, WA residential location (Local
Government Area, LGA) at birth was coded using the
Australia Bureau of Statistics’ (ABS) Index of Relative
Socio-Economic Disadvantage (IRSED, a general
measure of economic disadvantage of residential
families in an area) (McLennan, 1998).

disorder) (ICD-9 315); (5) special symptoms or
syndromes, not elsewhere classified (i.e. encopresis)
(ICD-9 307); and (6) hyperkinetic syndrome of
childhood (ICD-9 314). Univariate analysis was first
used to estimate the unadjusted association between
childhood mental disorders and schizophrenia.
Multivariate logistic regression was then used to control
for a number of potential confounders: ages of mother
and father at delivery; Apgar score at five minutes;
whether the mother previously had any negative birth
outcomes (miscarriage, death at birth or still birth); and
IRSED for residential location at birth. Participants
with missing information in any of the control variables
were excluded from the multivariate analysis. In order
to control for potential confounding effects due to
abnormal prenatal developments, newborns with birth
weight less than 2,500 g, an Apgar score at five minute
less than 7, or with a father or mother younger than 18
yrs at birth were excluded from analysis.
Ethics: Ethical approval for this study was obtained
from the Department of Health, Government of
Western Australia, Human Research Ethics Committee
(DOHWA HREC).
RESULTS
There were 51464 participants included in the
univariate analysis. Some 3.37% (1736) of the 51464
participants had one or more mental disorder diagnosis
before the age of 12yrs. The prevalence of
schizophrenia among participants without a mental
disorder diagnosis was about 1%. 45291 participants
were included in the multivariate analysis. The
estimations from univariate logistic regression models
were similar to those from multivariate logistic
regressions, indicating negligible confounding effects
from the control variables tested. Overall, children with
one or more diagnosis of mental disorder before the age
of 12yrs were more likely to develop schizophrenia in
later life. When the analysis was performed separately
by type of disorder, it was found that disturbance of
emotions, specific delays in development and
hyperkinetic syndrome of childhood were all
significantly associated with increased risk of
schizophrenia. The point estimation was highest for
delays in development, which indicated a 4.7 times risk
of schizophrenia. There was no significant increase in
the risk of schizophrenia observed among children with
disturbance of conduct, adjustment reaction or special
symptoms or syndromes (Table 1).

Statistical analysis: In the analysis we first assessed
the association between all diagnosed mental disorders
occurring from 0-12 yrs of age and risk of
schizophrenia and then we separately assessed the
relation for the six most common groups of mental
disorders before 12yrs, specifically: (1) disturbance of
emotions specific to childhood and adolescence (ICD-9
313); (2) disturbance of conduct (ICD-9 312); ( 3)
adjustment reaction (ICD-9 309); (4) specific delays in
development i.e. (developmental speech or language
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Table 1: Association between childhood mental disorders and risk of schizophrenia
Counts
Univariate analysis
------------------------------------------------------------NonOdds
95% confidence
cases
Cases Ratio
Interval
Any mental disorder <12yrs
No
49225
503
1.00
Yes
1701
35
2.01
1.42
2.85
Disturbance of emotions
No
50156
521
1.00
Yes
770
17
2.13
1.30
3.46
Disturbance of conduct
No
50662
533
1.00
Yes
264
5
1.80
0.74
4.38
Adjustment reaction
No
50657
534
1.00
Yes
269
4
1.41
0.52
3.80
Specific delays in development
No
50763
530
1.00
Yes
163
8
4.70
2.30
9.61
Special symptoms or syndromes
No
50787
536
1.00
Yes
139
2
1.36
0.34
5.52
Hyperkinetic syndrome of childhood
No
50811
534
1.00
Yes
115
4
3.31
1.22
9.00
*: All models adjusted for ages of mother and father at delivery, Agpar score at 5 minutes, history
residential location at birth

DISCUSSION

Multivariate analysis*
--------------------------------------------Odds
95% confidence
Ratio
Interval
1.00
1.92

1.31

2.83

1.00
1.91

1.09

3.33

1.00
1.76

0.65

4.75

1.00
1.29

0.41

4.04

1.00
4.84

2.25

10.42

1.00
1.57

0.39

6.37

1.00
4.07
1.49
11.14
of negative birth outcomes, IRSED for

disorder. However it should be noted that majority of
the children with diagnosed mental disorders during
childhood did not develop schizophrenia and
similarly, majority of children have abnormalities in
cognitive and psychological development did not
develop schizophrenia in later life (Jones et al.,
1994; Poulton et al., 2000; Cannon et al., 2002). It is
possible that the childhood mental disorders among
children with schizophrenia outcome may have
different underlying causes and brain development
deficits compared to children without schizophrenia
outcome. This requires further investigation with
latest neuroimaging technology, genetic tests and
close follow-up, because early detection may
ultimately improve outcomes for those with an
elevated risk of schizophrenia (Walker et al., 2004;
Nan et al., 2008).

This study investigated the association between
mental disorders during childhood and onset of
schizophrenia in later life among males with an
Australian population-based birth cohort. Childhood
mental disorder history and schizophrenia status were
both determined by diagnoses made in clinical records.
Findings of the current study suggest that children who
developed a mental disorder before the age of 12 yrs
had about at twice the risk of developing schizophrenia
compared to those without a diagnosis. Increased risks
appeared to be greatest for specific delays in
development and hyperkinetic syndrome of childhood.
Non-significant increases were observed in three
subgroups of childhood mental disorders, however, it is
possible that the small numbers of cases (low
population prevalence) reduced the power of the
analysis to detect a significant difference.
Overall observations in the current study remained
consistent with the findings from previous studies
which showed that children developed schizophrenia in
later life were more likely to show abnormalities in
cognitive and psychological development during
childhood (Walker et al., 2004; 1993; Jones et al.,
1994, Reichenberg et al., 2010, Crow et al., 1995;
Bearden et al., 2000; Poulton et al., 2000). These
findings provide further evidence supporting that
hypothesis that schizophrenia is a neurodevelopmental

Limitations: The main limitation of this study is that it
only includes males so the association observed should
be further tested in a population-based female cohort.
The sample size of the current study is relatively large.
However, given that both schizophrenia and childhood
mental disorders are relatively uncommon conditions,
the subgroup analysis did not have sufficient statistical
power for all disorders. To improve efficiency, a
population-based nested case-control design can be
adopted in future studies.
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CONCLUSION
Children with childhood mental disorders are at
higher risk of being diagnosed with schizophrenia later
in life. These findings provide further evidence to
support the hypothesis that schizophrenia is a
neurodevelopmental disorder.
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