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Summary The most important risk factor for schizophrenia is a positive family history, 
but only a minority of people with schizophrenia have an affected relative and no single gene 
of large effect has been consistently associated with psychosis risk. Epidemiological research 
has elucidated putative biological and psychosocial candidate risk factors for schizophrenia. 
Biological factors include advanced paternal age, exposure to obstetric events and abuse of 
drugs such as stimulants and cannabis. Recent evidence indicates that social factors such  as 
migration, urban living and victimization also increase the risk. However, neither individual 
susceptibility genes nor individual environmental risk factors appear sufficient or necessary 
to cause schizophrenia. Both genetic and environmental risk factors are mostly of small 
effect, but the latter offer more tangible targets for prevention. 
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Practice points
 � Risk factors for schizophrenia in fetal life consist of: 

– Prenatal maternal complications (e.g., diabetes, rhesus incompatibility, pre-eclampsia or bleeding); 
– Prenatal maternal infection; 
– Prenatal maternal nutrition (e.g., nutrition deprivation, hypovitaminosis D or folate deficiency); 
– Abnormal fetal development; 
– Delivery complications; 
– Season of birth; 
– Advanced paternal age.

 � Risk factors for schizophrenia in early life consist of: 
– Hearing impairment; 
– Childhood trauma.

 � Risk factors for schizophrenia in later childhood/adolescence consist of: 
– Social factors (e.g., parental separation and loss or social exclusion); 
– Stressful life events; 
– Migration; 
– Urbanicity.
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incidence & prevalence
Epidemiological studies have examined the prev
alence, incidence and lifetime risk of schizophre
nia across different populations and geographic 
areas [1]. The distribution of the disease is gener
ally expressed in terms of incidence (new cases 
per year) and prevalence (total number of exist
ing and new cases at a specified time or during 
a specified period). 

Schizophrenia most commonly manifests in 
late adolescence or early adult life, with the peak 
age of risk between 18 and 35 years. It is accom
panied by subtle brain structural and neuro
cognitive abnormalities. A wealth of data show 
that the incidence of schizophrenia is higher in 
men compared with women, higher in urban 
than rural areas and higher in migrants than 
nativeborn individuals. Indeed, there are sub
stantial variations in the incidence of schizophre
nia [2], with a median incidence of schizophrenia 
of 15.2 per 100,000 and rates ranging from 7.7 
to 43.0 per 100,000 [3].

The lifetime prevalence of schizophrenia 
is often assumed to be approximately 1%. 
However, a recent Finnish general population 
survey of 8028 persons found a lower lifetime 
prevalence of schizophrenia (0.87%) and higher 
rates (3.06%) of all psychotic disorders [4].

Genetic risk factors
The fact that schizophrenia has a hereditary 
component is well established [5]. Heritability 
is estimated to be between 66 and 85% [6]. The 
classic evidence for genetic predisposition has 
come from three main sources: family studies 
such as the Roscommon Family Study [7] have 
shown that the closer the genetic relationship, 
the higher the risk for schizophrenia; twin stud
ies have shown that the monozygotic cotwins 
of individuals with schizophrenia are more 
likely to also be schizophrenic than the dizy
gotic cotwins of individuals with schizophrenia 
(e.g., Cardno and coworkers) [6]; and adoption 
studies such as that carried out in Finland by 
Tienari and coworkers have shown that liabil
ity to schizophrenia is transmitted by biological 
rather than adoptive parents [8]. 

Genetic linkage and association studies 
have identified a number of putative suscepti
bility genes such as NRG1, DTNBP1, COMT, 
DISC 1, DRD2, GRM3 and zinc finger protein. 
However, each of these has very small effects and 
it is likely that very many such genes contribute 
to the occurrence of schizophrenia [9]. Recently, 

copynumber variants (CNVs) have been found 
to be in excess in schizophrenia, but although 
they have a larger effect size than common vari
ants, they are probably responsible for only a small 
proportion of cases [10,11]. A better understanding 
of gene–environment interactions and correla
tions will hopefully  integrate the vast amount 
of genetic and epidemiological data in the field, 
pointing more clearly towards the pathogenic 
mechanisms involved in schizophrenia.

Pregnancy & birth complications
Patients with schizophrenia more frequently 
have a history of obstetric complications (OCs) 
than normal subjects [12]. Geddes and cowork
ers performed an individual patient metaana
lysis of 12 studies on 700 schizophrenia sub
jects and 835 controls [13]. Premature rupture 
of membranes, gestational ages shorter than 
37 weeks and use of resuscitation or incubators 
were identified as significant risk factors for the 
subsequent development of schizophrenia [13].

In a metaana lysis of populationbased stud
ies, Cannon and coworkers found significant 
associations with schizophrenia for three groups 
of complications: complications of pregnancy 
(e.g., bleeding, diabetes, rhesus incompatibility 
or preeclampsia); abnormal fetal growth and 
development (e.g., low birth weight, congenital 
malformations or reduced head circumference); 
complications of delivery (e.g., uterine atony, 
asphyxia or emergency cesarean section) [14].

Obstetric complications associated with 
hypoxia have been associated with greater struc
tural brain abnormalities among patients with 
schizophrenia [14,15]. Of course, only a few of 
those individuals exposed to obstetric compli
cations develop schizophrenia. Therefore it is  
likely that obstetric complications contribute to 
the causation of schizophrenia only in combina
tion with other risk factors, particularly suscep
tibility genes [16], perhaps by increasing vulner
ability to neuromaturational events and stressors 
later in life (i.e., adolescence) [17].

Many studies have claimed that environmen
tal hazards in pregnancy increase risk of schizo
phrenia. These include marked prenatal nutri
tional deprivation [18,19], hypovitaminosis D [20] 
and elevated thirdtrimester homocysteine lev
els [21]. One of the most consistently replicated 
findings in schizophrenia is the significant excess 
of winter–spring births found in the northern 
hemisphere (~7–10%), although patterns in the 
southern hemisphere are less clear [22,23]. One 
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possible explanation is that the mother is passing 
through the second trimester of her pregnancy 
in the height of the winter and the fetus is more 
exposed to nutritional deficiencies or maternal 
infections. Prenatal infections such as influ
enza [24], rubella [25] and Toxoplasma gondii [26] 
have been postulated to play a role, as may herpes 
simplex virus type 2 [27,28]. Infection with viruses 
such as rubella could explain at least part of the 
acknowledged association between early hearing 
impairment and later psychosis [29].

According to van Lieshout and coworkers, 
offspring of mothers who experienced diabetes 
mellitus during their pregnancies are seventimes 
more likely to develop schizophrenia compared 
with offspring who were not so exposed. Three 
mechanisms could potentially explain why diabe
tes mellitus during pregnancy could predispose an 
individual to schizophrenia in adult life: hypoxia, 
oxidative stress and increased inflammation [30].

Paternal age
Recent data support the suggestion of 
Edward Hare [31] of an association between 
increased paternal age and schizophrenia in 
offspring [32,33]. Malaspina and coworkers 
investigated a populationbased birth cohort 
of 87,907 individuals born in Jerusalem from 
1964 to 1976. The relative risk of schizophre
nia reached 2.02 (95% CI; 1.17–3.51) and 2.96 
(95% CI; 1.60–5.47) in offspring of men aged 
45–49 and 50 years or more, respectively [32]. 
This association is claimed to be present par
ticularly in those with no family history of the 
disorder, but not in those with a positive fam
ily history. However, a recent metaana lysis of 
ten studies by Torrey and coworkers found a 
populationattributable risk due to advanced 
paternal age to be relatively small, with a mean 
paternal age for cases slightly, but not signifi
cantly, higher than matched controls [34]. An 
attractive theory implicates the possibility that 
accumulation of de novo mutations [35] in pater
nal sperm with aging contributes to the risk [36]. 
However, this is discounted by a comprehen
sive study from Denmark that suggests instead 
personality attributes in fathers leading to late 
marriage [37]. 

Substance abuse
 � Psychostimulants

Epidemiological studies have reported an asso
ciation between substance misuse and psy
chosis [38,39]. The rates of substance misuse are 

consistently higher in firstepisode psychosis (FEP) 
patients compared with the general population, 
but vary significantly between studies and coun
tries [40]. Not all addictive drugs appear to be able 
to induce psychotic symptoms [41], but particular 
attention has focused on stimulants and cannabis.

Chen and coworkers observed that metham
phetamine users with psychosis presented a clini
cal picture that mimicked the positive symptoms 
of schizophrenia [42]. The likely mechanism is 
that repeated use of stimulants may induce sen
sitization of the dopamine system [43], to a point 
that it becomes dysregulated and results in dis
ordered salience and ultimately psychosis [44]. A 
strong dose–response relationship between the 
prevalence of psychotic symptoms and severity 
of cocaine and amphetamine use confirms this 
hypothesis [45]. 

 � Cannabis
The use of cannabis in the general population 
is associated with increased levels of psychotic 
symptoms [46]. Moreover, patients suffering from 
a psychotic disorder use more cannabis than the 
general population. Both sets of findings are 
compatible with the idea that cannabis use is a 
risk factor for psychotic illnesses such as schizo
phrenia. Indeed, several metaanalyses have 
reported that cannabis use increases by twofold 
the risk of developing later psychotic symptoms 
or psychotic disorders independently of individ
ual psychosis susceptibility [47,48], other known 
sociodemographic risk factors and use of other 
drugs. Neuroimaging studies have also described 
structural changes in both gray and white mat
ter associated with heavy cannabis use in both 
healthy subjects and FEP patients [49–51].

However, only a minority of cannabis users 
develop psychosis. This might be explained by dif
ferences in patterns of use [52] and age at first use. 
Converging evidence suggests that adolescence is 
a particularly vulnerable period for a person to be 
exposed to cannabis. In the Dunedin birth cohort 
study, those starting to use cannabis at the age of 
15 years or earlier were at greater risk of develop
ing schizophreniform disorder at 26 years of age 
than those who started by 18 years of age [53]. This 
finding has been widely replicated, and a recent 
meta analysis has shown that the age of psychosis 
onset in those who used cannabis is almost 3 years 
earlier than in nonusers [54].

Another explanation as to why only a minor
ity of cannabis users develop psychosis is that 
some individuals may be especially genetically 
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vulnerable to its effect [55]. A positive family 
history for psychosis has been described to 
interact with cannabis use to further increase 
the risk of developing a psychotic disorder [56]. 
Other studies have indicated specific genetic 
variants as moderators of the psychotogenic 
effect of cannabis, indicating a mechanism of 
gene–environment interaction [57–60]. 

Urbanicity
Urban birth, urban upbringing and urban resi
dence increase the risk of psychosis [61,62]. As 
long ago as 1939, Faris and Dunham demon
strated variation in the prevalence of schizophre
nia across the city of Chicago, and suggested 
that social isolation in disorganized parts of the 
city could increase the risk of schizophrenia [63].

The Aetiology and Ethnicity of Schizophrenia 
and Other Psychoses (AESOP) study indicated 
significantly lower incidence rates for all psycho
ses in Nottingham and Bristol, (25 per 100,000 
person years and 22 per 100,000 person years, 
respectively), compared with southeast London 
(55 per 100,000 person years) [64,65]. Even within 
London, there were wide variations on the 
rates [66], the highest being found in the areas 
with least social cohesion [67]. 

The larger the town and the longer the 
individual has lived in the city, the greater the 
risk [68,69]. Zammit and coworkers examined 
whether the association between urbanicity and 
psychosis was explained by individual, school 
or area characteristics; social fragmentation was 
found to be most important [70].

As many people live in urban areas but only a 
tiny minority of these will develop schizophre
nia, it is likely that the urban exposure is con
ditional on some other factor [71]. Place of birth 
could be a proxy marker for some other factor. 
However, because most people who are born in 
metropolitan areas are also brought up there, it is 
difficult to disentangle pre and perinatal effects 
from those operating later in childhood [36].

Migration
There is a high incidence of schizophrenia among 
migrant and ethnic minority groups, with a 
mean weighted relative risk among firstgenera
tion migrants of 2.7 (95% CI: 2.3–3.2) [72]. The 
association between migration and schizophre
nia was noted by Odegaard (1932) in Norwegian 
migrants to the USA [73]. He suggested selective 
migration of people who are genetically predis
posed to develop the disorder. However, this 

hypothesis has found little support, as it can
not explain the increased risk for schizophrenia 
found among secondgeneration migrants.

A high risk of psychosis has been demon
strated among Surinamese migrants in The 
Netherlands [74], African refugees in Sweden [75], 
Greek migrants to Belgium [76] and Scandinavian 
migrants to Denmark [77]. However, most atten
tion has been directed towards the high inci
dence among the African–Caribbean population 
in UK [78,79]. 

The AESOP study discussed earlier indi
cated a ninefold increase in incidence among 
African–Caribbean individuals, mostly living 
in London, compared with white Britons [80]. 
This excess of psychosis cannot be explained 
exclusively in genetic terms or by the selective 
migration [81] or by misdiagnosis by British 
psychiatrists [82]. Social adversities, racial dis
crimination, family breakup and unemploy
ment have all been proposed as contributing 
factors. Ethnic minority populations are at less 
risk in situations where they become majority 
populations [83,84]. Thus, Boydell and cowork
ers found that the incidence of schizophrenia 
in London among people from nonwhite ethnic 
minorities increased significantly as the propor
tion of nonwhite ethnic minorities in the local 
population fell [85].

United Kingdom black populations have 
also reported a higher prevalence of psychotic
like experiences compared with white British 
populations [86]. The association with a num
ber of indicators of social disadvantage in the 
black Caribbean group is suggestive of a social 
contribution to the etiology [87]. However, it 
is only partly mediated by perceptions of dis
advantage [88] and only partly explained by 
socioeconomic disadvantage [89].

Adversity in childhood & adulthood
 � Parental separation or loss

Agid and coworkers found that permanent 
separation from, or death of, one or both par
ents were associated with a more than threefold 
increased risk of schizophrenia [90]. Morgan 
and coworkers, using data from the AESOP 
study, observed that cases were approximately 
threetimes more likely than controls to have 
experienced a longterm separation from one 
or both parents or to have had a parent die 
before the age of 16 years [91]. Furthermore, in 
their general population sample, separation was 
associated with increased odds of psychoticlike 
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experiences [86]. Of course, parental separation 
and loss are associated with a range of adverse 
early experiences, including family conflict, 
socioeconomic disadvantage and neglect and 
abuse [92]. Consequently, the debate has cen
tered on the question of whether the separa
tion or loss event itself is important or whether 
these are merely markers for family discord and 
disadvantage both before and after separation 
or loss. 

Child abuse & victimization
There is renewed interest in the relationship 
between early childhood trauma and risk of 
psychosis [93]. Retrospective data from the 
second British National Survey of Psychiatric 
Morbidity showed a marked excess of victim
izing experiences, especially during childhood, 
in people with psychosis [94]. Studies of specific 
psychotic symptoms have related hallucinations 
to childhood abuse and neglect [95]. Husted and 
coworkers found that the association between 
early trauma and schizophrenia remained sig
nificant after adjusting for paternal or maternal 
history of schizophrenia [96]. The mechanism 
by which childhood trauma leads to psychosis is 
still unclear, but it has been suggested that trau
matic experiences may result in changes in the 
function of the hypothalamus–pituitary–adrenal 
axis, which is involved in the stress response [95]. 

Social exclusion
There is an association between social exclu
sion and psychosis [97,98]. Individuals with long
standing psychotic mental disorders often live 
alone [99], fail to establish longterm relation
ships [100] and have high rates of unemploy
ment [101]. Agerbo and coworkers found that 
up to 19 years before the first hospitalization, 
the odds of being single and unemployed were 
higher for people with schizophrenia than for 
controls [102]. 

Social exclusion may be related to absence 
of social cohesion or support [103]. Morgan 
and coworkers reported that all current and 
longterm indicators (e.g., unemployment, liv
ing alone and/or social housing) were associ
ated with an increased odds of psychosis in the 
AESOP study [98].

There remains uncertainty as to whether the 
association between social disadvantage and 
psychosis is a consequence of the disorder itself, 
leading to a drift down the social class scale 
(social drift hypothesis) and increasing isolation, 

or an etiological factor increasing the risk of 
developing schizophrenia and other psychoses 
(social causation hypothesis) [104]. 

Stress
In rats, prolonged social defeat results in longterm 
changes of biochemical, physiological and behav
ioral parameters, such as hyperactivity of hypotha
lamic–pituitary–adrenal axis and the consequent 
increase in serum corticosterone levels, decrease of 
both hippocampal volume and hippocampal cell 
proliferation and depressionlike symptoms [105].

In humans, the dysregulation of the hypo
thalamic–pituitary–adrenal axis that has been 
consistently reported in depression [106] has also 
been described in schizophrenia [107]. In a recent 
paper, Mondelli and coworkers found increased 
salivary cortisol in FEP patients, which was asso
ciated with smaller left hippocampal volume [108]. 
Other studies have supported the hypothesis that 
chronic experience of social defeat is associated 
with changes in the dopamine system [109,110]. 

Dopaminergic abnormalities in schizophre
nia have been well replicated. Together with the 
evidence that dopamine D2 receptor antagonists 
are antipsychotic, this has given rise to the dopa
mine hypothesis. An integrative hypothesis sug
gests that dopamine dysregulation may be the 
final common consequence of the interaction 
between early developmental factors, environ
mental and social pressures (Figure 1) [111–113]. 
Other studies have shown abnormalities in 
NMDA receptors, suggesting a glutamatergic 
dysfunction [114], and deficits in the GABAergic 
system [115] in schizophrenia. Of course, there are 
close interactions between the dopamine, GABA 
and glutamate systems. 

Conclusion & future perspective
We know a lot about the causal risk factors for 
schizophrenia. However, none of the risk fac
tors we have discussed appear likely to ‘cause’ 
psychosis by itself. Elucidating gene–environ
ment interactions may shed further light [116]. 
However, the history of medicine shows that 
there have been some spectacular applications 
of primary prevention based on incomplete 
knowledge [117]. Although understanding genetic 
susceptibility is crucial to elucidating the etiol
ogy of psychosis, environmental risk factors may 
be easier to modify. Kirkbride and coworkers 
investigated the proportion of psychotic illnesses 
that could be prevented if we could identify 
and remove all factors associated with ethnic 
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minority status and urbanicity [118]. They cal
culated that up to 46.9% of all psychoses within 
the study regions could be prevented if exposures 
associated with the increased incidence in ethnic 
minority populations could be removed.

The evidence that obstetric and other early haz
ards to the fetus increase risk of schizophrenia has 
implications for prevention. In particular, it points 
to the importance of women with schizophrenia 
being given the best possible obstetric care. If pre
natal infection turns out to be important, routine 
vaccination of women of reproductive age might 
prevent a proportion of cases.

Early indicators may include delays in childhood 
development, motor or cognitive impairment, dif
ficulties on social adjustment, schizotypal person
ality traits as well than minor physical anomalies 
and neurological soft signs. A recent development 
that holds promise comes from studies that exam
ined the significance of minor psychotic symptoms 
in late childhood and adolescence. Poulton and 
coworkers analyzed a cohort of 761 children and 
showed that selfreported psychotic symptoms 
11 years of age predicted a very high risk of a 

schizophreniform diagnosis at 26 years of age (odds 
ratio: 16.4; 95% CI: 3.9–67.8) [119]. Subsequent 
studies have shown that some of the same risk fac
tors associated with adult schizophrenia are also 
associated with minor psychotic symptoms in late 
childhood and adolescence. Thus, Zammit found 
that obstetric events increase the risk of such symp
toms [120]. Arseneault et al. showed that the risk 
of developing psychotic symptoms was associated 
with maltreatment by an adult and bullying by 
peers in a UK cohort of young twins [121]. In the 
same sample, psychotic symptoms were associated 
with earlier cognitive impairments and behavioral, 
emotional and educational problems [122]. 

Interventions could be beneficially aimed at 
adolescents with such minor psychotic symp
toms, particularly if they are associated with 
earlier risk factors.

An obvious preventive strategy is to attempt 
to persuade young people to decrease their use 
of illicit drugs, particularly cannabis. However, 
such a strategy demands more courage and 
resources than most governments seem prepared 
to show.

Subtle motor,
cognitive and
social deficits 

Prenatal and
perinatal events

Genes: NRG1, DTNBP1,
COMT, DISC1, DRD2,

GRM3, ZNF
CNVs

Social anxiety,
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ideas, depression
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dysregulation 
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Figure 1. Developmental cascade towards schizophrenia.
CNV: Copy-number variation. 
Adapted with permission from [111].
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These stategies are, in the main, universal 
preventive strategies, which are possibly too dif
ficult to be applied to the population in general. 
At present, the main attempt at prevention is by 
early detection of those at high risk of schizo
phrenia; socalled prodromal cases. A variety of 
approaches from medication and psychosocial 
interventions to cognitive–behavioral therapy are 
being used in such prodromal cases in an attempt 
to prevent the onset of fullblown psychosis. 
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