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Schizophrenia is a concept which has undergone various changes in the last 120 years.  Outline critically the principle theories of causation over this period and, in particular, critically evaluate currently accepted risk factors.

Abstract

The cause of schizophrenia has been the subject of much debate for the last 120 years, with a multitude of factors discussed and discounted.  This short essay critically reviews current theories of causation.  The ‘dopamine hypothesis’ is investigated, focusing on recent imaging studies to emphasise its strengths and its limitations.  The essay then argues for a neurodevelopmental model of causation, drawing on evidence from macroscopic and microscopic neuroanatomy, genetics, epidemiology and behavioural studies.  The essay critically evaluates research into genetic, prenatal/perinatal, and childhood/adolescence risk factors, underscoring the challenges and future directions of this fascinating field.
Schizophrenia 1893 – 1965
Emil Kraepelin was a revolutionary psychiatrist.  He believed that psychiatric conditions are not purely psychological in nature, but are caused by underlying biological pathology.  This included the condition ‘dementia praecox’ which, in 1893, he categorised as distinct from manic depression.1  Swiss psychiatrist Eugen Bleuler observed that the condition was not a ‘dementia’ since some of his patients improved, and so in 1908 coined the term ‘schizophrenia’  (literally “splitting of the mind”).2

Whilst not wishing to criticise Bleuler’s distinguished career, he perhaps could have chosen a better word.  Whereas he intended to describe the ‘splitting’ of brain function - personality, thinking, memory, and perception – the term schizophrenia is commonly misinterpreted to denote that subjects have a "split personality".3

Further misconceptions arose from Sigmund Freud’s popular etiological theories. Schizophrenia is a disturbance in the unconscious caused by unresolved feelings of homosexuality: Freud did attempt to treat patients upon these principals but was unsuccessful, largely, he claimed, because patients wouldn’t listen to his insight.4  The schizophrenogenic mother5 was another harmful and accusing concept.

Worse still, the eugenics movement subjected hundreds of thousands of sufferers of schizophrenia to sterilisation, especially in the USA, Scandinavia, and Nazi Germany.6 

The dopamine hypothesis
Whilst Kraepelin’s hypotheses were brave and insightful, they did not offer specific pathological explanations.  In 1965, Randrup and Munkvad observed the psychotogenic properties of dopamine agonists to hypothesise that dopamine dysfunction might be the neurobiological correlate of schizophrenia.7 

This hypothesis gained empirical validation: not only are anti-dopaminergic drugs antipsychotic, but the affinity for D2 dopamine receptors of each antipsychotic is indirectly proportional to its therapeutic dose.8  Previous suggestions that the clinically-effective ‘atypical antipsychotics’ have a low affinity for D2 receptors have now been refuted, and so the proportional relationship appears to be universal.9 

More recently, imaging studies have provided the most direct evidence yet of dopamine (DA) dysfunction in the schizophrenic brain. Laruelle and Abi-Dargham (1996, 1998, 2000) utilised [123I]IBZM (a radioactive DA antagonists) to measure the DA occupancy of striatal DA receptors with a single-photo emission computerised tomography (SPECT) imaging assay.10-12 Amphetamine-stimulated dopamine release and alpha-MPT-stimulated dopamine depletion were both significantly greater in subjects with schizophrenia, compared with controls.  This was apparent in both antipsychotic-naïve first-episode patients, and those with chronic schizophrenia, suggesting that the effect is not a consequence of therapeutics or life-style differences.  Furthermore, the level of a patient’s dopamine abnormality was proportional to the percentage decrease in their symptoms following 6 weeks of anti-dopaminergic medication (Fig. 1), thus reaffirming the mode of action of antipsychotics.
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Salient features of the experiment included the continuous infusion of [123I]IBZM to limit its washout, which could theoretically vary with drug-stimulated blood flow changes. Instead, one notable caveat is that subjects and controls could plausibly differ in drug penetration, sensitivity or metabolism, rather than dopamine function. Although unlikely, one cannot exclude this possibility a priori.

Notwithstanding this caveat, the evidence is increasingly strong for the dopamine hypothesis.  A rather attractive theory is that the ‘motivational salience’ caused by normal dopamine release could in excess lead to disproportionate significance being attributed to everyday stimuli, as seen clinically in schizophrenia.13

Limitation of the dopamine hypothesis

Intriguingly, the above SPECT studies show that whilst dopamine dysfunction does predict response to treatment, it does not predict the initial severity of positive symptoms.12  In other words, a subgroup of treatment-resistant schizophrenia may have a non-dopaminergic cause.  Such subjects might instead have abnormalities in their glutamatergic, serotonergic or GABAergic systems.see 14 for review The idea that ‘schizophrenia’ – a disorder defined by a criterion-based diagnostic symptoms - might be an umbrella term for different neuropathological conditions will recur as a theme within this essay.

Additionally, the above SPECT studies recruited only those patients in acute episodes of illness, and so one cannot infer that dopamine dysfunction remains present during illness remission.   The negative symptoms of schizophrenia may be due to dopaminergic hypoactivity or NMDAR hypoactivity, for example.see 15 for review 

However, the most fundamental limitation of the dopamine hypothesis is that whilst it may explain the immediate cause of positive symptoms, the succeeding question is that of what causes the dopamine dysfunction. 

With this, one could postulate that schizophrenia is a degenerative disorder of dopamine neurons, somewhat like Parkinson’s disease, or alternatively that dopamine dysfunction has psychological origins.  However, this essay will draw upon evidence from macroscopic and microscopic neuroanatomy, genetics, epidemiology and behavioural studies to argue that schizophrenia is most likely a neurodevelopmental disorder with a strong genetic component.

A neurodevelopmental disorder

The cumulative literature proves that schizophrenia is associated with marked structural changes. CT scan reveals reduced brain volume16 whilst MRI shows the schizophrenic brain deficient in grey matter.17,18  Such changes are evident in first-episode patients. 

Interestingly, cross-sectional imaging studies in ‘preschizophrenic’ subjects show grey matter abnormalities prior to the development of psychosis,19 whilst longitudinal studies find macroscopic changes to be largely static after symptom onset.20-22 These findings hint towards a neurodevelopmental model.  That said, some longitudinal studies instead find macroscopic changes to be progressive.23-25  This may signify a genuine neurodegenerative component of the disease, or instead might be a consequence of antipsychotic treatment.26
The nature of macroscopic and microscopic changes provides further evidence for a neurodevelopmental model.  For example, normal brain asymmetry - a feature developed during the third trimester of pregnancy - is lacking in the schizophrenic brain.27,28 Also, the cavum septum pellucidum - a putative marker of abnormal early brain development - has increased prevalence in first-episode schizophrenic patients.29   Aberrantly located or clustered neurons have been found in a multitude of studies, which is distinctively characteristic of an early neurodevelopmental anomaly affecting neuronal migration, survival, and connectivity.30,31  Furthermore, the majority of post-mortem microscopic studies report an absence of gliosis.32-36 The phenomenon of gliosis occurs only after the second trimester in utero, and so its absence supports a neurodevelopmental model over a neurodegenerative model.  That said, one should note that gliosis is not always demonstrable after postnatal neural injury,37 and can vary between different brain regions.38  
Behavioural studies also support the neurodevelopmental model. Researchers have utilised childhood home videos of adult-onset schizophrenia patients and their healthy siblings.  Judges, blinded to the psychiatric outcome of the subjects, can reliably identify preschizophrenic children based on neuromotor skills, facial expression, and interpersonal behaviour, even when between the ages of 5-7.39-41 

With compelling evidence for a neurodevelopmental model, the question becomes what causes such irregularities in neurodevelopment.  This essay shall investigate evidence for both genetic and environmental risk factors, whilst arguing that the nature of these risk factors provides further evidence that schizophrenia is neurodevelopmental in origin.

Genetic risk factors

A meta-analysis of twin studies concluded that schizophrenia has a heritability of approximately 80%;42 genes are the most important risk factor for developing schizophrenia.

Isolating chromosomal loci and genes has proven problematic for a variety of reasons. Schizophrenia involves multiple genes of small effect, mutations vary between subjects (genetic heterogeneity), and genes probably act in conjunction with epigenetic processes and environmental factors..  Furthermore, linkage studies have difficulty in defining normal controls and schizophrenia has low diagnostic reliability.43 

Despite this, two meta-analyses identified a variety of candidate loci.44,45  This paved the way for various studies to successfully isolate candidate genes using different methodology. One might expect dopaminergic genes to dominate proceedings, but intriguingly that is not the case.

The putative susceptibility genes include neuregulin-1,46 dysbindin-1,47 ‘disrupted in schizophrenia 1’ (DISC1),48 G72,49 D-amino acid oxidase (DAAO),49 Catechol-O-methyl transferase (COMT),50 and regulator of G protein signalling 4 (RGS4).51 Many of these susceptibility genes have subsequently been reported in independent studies of different populations.52 Furthermore, many of the susceptibility genes demonstrate abnormal expression of mRNA and protein in patients with schizophrenia.52 That said, one must still exert caution, as some susceptibility genes show limited between-study repeatability.  The strongest evidence, through replication of results, is for neuregulin-1, dysbindin-1 and DISC1.52  
One notices a striking trend: these genes are linked to the synapse, in particular the glutamate synapse (COMT is the dopamine-related exception).  This could be seen to fit the neurodevelopmental model, as the glutamatergic system is intrinsically linked with synaptic plasticity and the development of cortical microcircuitry. More recently, the phosphohippolin gene has been implicated,53 whilst a female-specific association was found between the RELN gene and schizophrenia, and was replicated in several populations.54  Both genes are also linked with neural connectivity. For example, reeler knockout (rl -/-) mice demonstrate cytoachitectural abnormalities.55

In view of this, de novo gene mutations may explain the association between schizophrenia and the offspring of fathers with advanced age.56 

Further genetic studies should aim to identify further susceptibility genes, as well as protective genes, which will hopefully further our understanding of schizophrenia’s aetiology.  We have yet to characterise convergent molecular pathways for these genes, and how they might interact to cause dopaminergic dysfunction, for example.  One foreseeable hurdle is that several paths might be involved, especially if the condition we diagnostically categorise as ‘schizophrenia’ actually comprises several distinct diseases of differing neurobiological substrate, as previously suggested.  Therefore, an immediate challenge is to find particular combinations of genes that interact to predispose to schizophrenia.  

Prenatal and perinatal risk factors
If schizophrenia is genuinely caused by early neurodevelopmental dysfunction, one could hypothesise that early environmental insults would also predispose to schizophrenia.  Indeed, this appears to be the case.

The offspring of pregnant women who in early gestation were exposed to severe famine have a two-fold risk of developing schizophrenia.57,58  This research utilised the Nazi blockade of Holland, 1944-1945, capitalising on the sharp geographic and temporal boundaries produced by this unique, if tragic, natural experiment.  

Prenatal infection is also a risk: Finns who were in their second trimester of fetal development during the 1957 A2 influenza pandemic have increased risk of schizophrenia.59  Numerous subsequent birth cohort studies have failed to replicate results.60  However, this is probably due to their reliance on ecologic data, which biases the effect towards the null by failing to confirm whether subjects were indeed exposed to influenza.  Indeed, a nested case control studies report that serologically confirmed first trimester influenza infection confers a 7-fold risk of developing schizophrenia,61 whilst prenatal rubella and toxoplasma gondii infection confer a 10-fold and 2-fold risk, respectively.62,63  Although results need to be replicated preferably using a serological cohort study, such results could have implications for preventative strategies.  Additionally, this finding may explain the large number of birth cohort studies that demonstrate a modest but consistent association between schizophrenia and season of birth.64

Obstetric complications have been linked to schizophrenia since 1934,65 and are still very much considered a likely risk factor for schizophrenia. A recent meta-analysis of large, robust population based studies suggests a pooled odds ratio of approximately 2.66 That said, one should question whether obstetric complications may be an effect of preexisting vulnerabilities, rather than a cause of schizophrenia.  Indeed, a meta-analysis of births to parents with schizophrenia did indeed find an increased risk of obstetric complications.67  

Maternal stress might be another prenatal risk factor.  Mothers exposed to widespread disasters have an increased risk of producing offspring that develop schizophrenia,68,69 although one should consider confounding factors such as famine or infection.  Amazingly, paternal death during pregnancy may confer a six-fold increase in schizophrenia compared to paternal death in infancy,70 although results have yet to be replicated.  Dalman et al. (2005) may have further data to support this association, but results do not yet appear to be published for one to criticize.71
Limitations of the neurodevelopment model

Although this essay has argued for the neurodevelopmental model of schizophrenia, it is important to acknowledge the limitations of this theory.

A notable absence is that we have yet to elucidate the molecular pathway by which genetic and environmental risk factors predispose to schizophrenia. Seeman et al. (2005) have demonstrated using experimental animal models that generalized brain insults lead D2 dopamine receptor sensitization,72 but it remains unclear what exact molecular mechanisms are involved, let alone whether this model is applicable to human subjects.  As indicated earlier, one difficulty may be that certain gene combinations lead to distinct molecular pathways, with differing neurochemical abnormalities.   Therefore, future research should study the influence of genetics on environmental risk factors, neuroanatomy, neurochemistry, and clinical findings in schizophrenia, in an attempt to identify subtypes of the condition.

Other fundamental uncertainties exist. Is neurodevelopmental deviance sufficient or are further neurobiological or psychosocial events required? Equally, is neurodevelopmental deviance necessary, or does it only account for a subset of schizophrenia?  Satisfactory answers might come only once we have further characterized risk factors, such as the interaction between genes, and between genes and environment.
Other aspects of schizophrenia are difficult to explain using the neurodevelopmental model alone.  If the damage is done in the early years, why do classic symptoms not occur until early adulthood?  And how does the model account for childhood and adolescence risk factors such as life events, urbanicity, ethnicity/migration, and drug misuse?  

Childhood and adolescence risk factors

The classic symptoms of schizophrenia normally emerge in late adolescence or early adulthood. Some hypothesise that normal and/or abnormal changes in biochemical and anatomical maturation are required before symptom expression.see 73 for review One can cite similar phenomena in certain neurodevelopmental epilepsies, as well as animal studies in which pathological and behavioural consequences of neonatal lesions are delayed.74,75
Alternatively, it is commonly believed that exposure to risk factors in childhood/adolescence, particularly in those with neurodevelopmental vulnerability, could precipitate the symptoms of schizophrenia. The limitations of this research shall be emphasised, whilst illustrating conceptual challenges related to schizophrenia’s definition by diagnostic criteria.
Stressful life events have been linked to the onset of schizophrenia.  However, this is based upon small studies of diagnostically heterogeneous samples, with issues related to the measurement of stress, and the likely reciprocal influences between stress and symptoms.76  Childhood trauma has also been proposed as a risk factor, but the retrospective study design means that those prone to psychosis may be more likely to disclose child abuse, whether fact or fiction.77 Additionally, in both sets of research, confounding factors such as family history of psychosis (or unexpressed genetic predisposition) may be responsible.
Migrants and their children have a considerably increased risk of schizophrenia,78-80 which some predict could be attributed to childhood and adolescence risk factors such as chronic social stress, poverty, or increased drug use.  However, this association might instead be due to selective migration, whereby those at risk of schizophrenia (or at risk of producing offspring with schizophrenia) are more likely to migrate.  There may also be population differences in genetic vulnerability between the country of origin and the host country.  Alternatively, the association might be due to a bias in diagnosis, since language barriers and different cultural/religious beliefs may lead to stigma.
Controversy surrounds the association between cannabis and schizophrenia.  The Dunedin birth cohort study investigated the prospective association between adolescent cannabis use and schizophrenia.81  Those using cannabis at age 15 have a fourfold risk of developing schizophrenia. However, once psychotic symptoms at age 11 are controlled for, the association was reduced below significance.81  Similarly, a double-blinded interventional study found that although those with the COMT Val allele were more sensitive to Delta-9-THC-induced psychotic experiences, this was conditional on prior evidence of psychometric psychosis liability.82 This suggests that cannabis use might be an effect of increased schizophrenia vulnerability, rather than a cause.
The association between urbanicity and schizophrenia diagnosis is stable and replicable, using controlled population-based cohort studies.83-85 Furthermore, this is a dose-response relationship.86 However, childhood/adolescent risk factors are not necessarily responsible for the association; alternative explanations include increased prenatal complications (e.g. infection), or social drift, whereby parents with a family history of psychosis (or unexpressed genetic predisposition) are more likely to move to the city, for social, economic or medical reasons.  

Moreover, one needs to consider whether urbanicity might increase the rates of schizophrenia diagnosis, even if the true prevalence is the same.  This could be due to differences in psychiatric service, or even because city-dwellers – with their different thoughts, beliefs, interests, and environment – might give a psychiatric history more classically recognisable as schizophrenia.  In other words, urbanicity might be associated with bias towards satisfying the artificially determined diagnostic criteria, rather than a true difference in disease.  This is especially pertinent since schizophrenia has a low diagnostic reliability; concurrence between any two psychiatrists when diagnosing schizophrenia approximates only 65%.45 This argument could plausibly apply to all candidate childhood/adolescence risk factors, including stressful life event, migration, and drug use.  The argument underscores the conceptual difficulties associated with disorders defined by psychological diagnostic criteria, and the far-reaching consequences that this might have on the reliability of schizophrenia research, in general.

Conclusions
Emil Kraepelin was correct to say that schizophrenia has a biological basis, although nearly 120 later we are yet to fully understand it.  So what do we know? This essay finds strong evidence for genetic and prenatal/perinatal risk factors, but indeterminate evidence for childhood/adolescent risk factors. Dopamine dysfunction seems to underlie the positive symptoms of schizophrenia, whilst the neurodevelopmental model of causation is compelling. However, we do not yet understand molecular mechanisms, nor whether neurodevelopmental deviance is sufficient and/or necessary. Future research must strive to further characterise gene-gene and gene-environment interactions, as this provides a foundation for a better understanding of the condition.  One foreseeable challenge, based upon frequent discrepancies within research in general, is that the entity of schizophrenia might represent an umbrella term for different diseases with distinct neurobiological aetiology.  If this is the case, the classification of distinct subtypes, using genetics as well as neurochemical, neuroanatomical, epidemiological and behavioural studies, might be the next step forward in this fascinating field.
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