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Weaving causal explanations of schizophrenia in urban areas; the role of gene-environment selection.

[bookmark: _GoBack]Schizophrenia has long been reported to be more common in more urban areas1,2, although recent research suggests this effect may not occur in low and middle income countries3.  Explanations of this urbanicity effect, entwined with links between the disorder and socio-economic deprivation, have tripped-up on the possibilities of reverse causality; do people with early illness or strong liability drift into cities and down the social scale, or do those environments exert a toxic effect? Few studies dissect city life from socio-environmental context4, but urbanicity certainly affects cognition and the brain5.  Evidence is also emerging that part of the liability to living in deprived neighbourhoods is down to genetics; it is heritable and, moreover, genes conferring liability to schizophrenia may be particularly involved6.  
Colodro-Conde and colleagues have produced a genetic epidemiological tour de force to examine the links between genes associated with schizophrenia, living in populous areas (a quantitative proxy for urbanicity) and neighbourhood-level socio-economic status. They studied four samples amounting to half a million people from three Western countries and used a discovery and replication approach. Application of the most recent polygenic risk score (PRS; a weighted summary statistic of genetic risk) for schizophrenia and of Mendelian randomisation (MR) provided stern tests of the social drift and social causation hypotheses7. People with higher genetic loading for schizophrenia lived in more densely urban settings, regardless of socio-economic status. This suggested, supported by MR, that there might be a degree of gene-environment selection, in line with the social drift or selective migration hypothesis. 
The present study is important for a number of reasons. The authors use new methodological techniques to investigate why schizophrenia is more prevalent in urban areas: a long-standing question. In doing so they demonstrate both the value and limitations of their techniques and the limits of our knowledge of what causes excess schizophrenia risk in urban areas. The latter are, on this occasion, largely due to limitations inherent in inferring causality from observational data and excluding the possibility of reverse causality. Mendelian randomisation has had limited application in psychosis research to date, exceptions notwithstanding8. This limited application is in part due to a lack of both suitable genetic proxies for environmental risk factors and the need for massive samples with sufficient statistical power.  Combining MR and large sample sizes, Colodro-Conde and colleagues can address causation within observational data, and in doing so advances our understanding of the links between urbanicity and schizophrenia in Western countries.
Yet this study should not lead us to belief that gene-environment selection is ‘the cause’ of this association. Whilst the paper boosts an impressive sample size and used well-designed and innovative methodology, these don’t overcome some of the inherent limitations associated with the study design. The polygenic risk score used in the present study accounts for about an eight of the heritability of schizophrenia. This isn’t uncommonly low for a PRS, but does not account for most of the trait heritability. Furthermore, the PRS used here has an even lower predictive value in Black people, even after accounting for systematic genetic ancestry differences9. All minority ethnic groups are excluded from this study but, in Europe, they have greatly increased risk of schizophrenia10; extension of PRS approaches to communities at special risk of schizophrenia are urgently required. Thus, the present study can address only part of the conundrum concerning schizophrenia in cities. This limitation is inherent to the PRS, and this study illustrates the potential that could be unlocked with a more representative PRS by demonstrating what can already be done with quite a limited instrument.
Research linking genes and environments is still in its infancy. Colodro-Conde and colleagues show that some of the liability shown by those of European (White) ancestry to live in a city is definitely shared with genetic liability to schizophrenia. But this overlap is tiny and the explanatory power of the genetic effect is likely to be small; the authors are correct to conclude that the urbanicity effect in the genesis of schizophrenia may be accentuated by selective migration, not wholly explained by it. Thus, the present study suggests that gene-environment selection plays some role, alongside other risk factors. There is no dichotomy between social drift and risk factors inherent to characteristics of the urban environment. Individuals might find themselves in a vicious cycle: their genetic predisposition for schizophrenia might contribute both to their predisposition to move or remain in an urban area and on their increased risk of developing schizophrenia. Choice is too strong a word to describe residency decisions: in reality there is a plethora of constraints acting upon these, such as work, family and affordability; the finding that residency is highly heritable is therefore perhaps not surprising. The urban environment might further increase this already high risk through, for instance, lack of available green space, or high social instability and associated social stress. It is, though, very interesting but perhaps should be no surprise, that there is overlap between in the genetic contributions to a disorder involving the sense of self and one’s relation to the social world, reward learning and social cognition to the decision to seize city living; drifting may be a misnomer. 
Two studies recently published in this journal demonstrate that context is key to understanding the role of environmental risk factors in the etiology of schizophrenia. While the excess psychosis risk in urban areas is well-established in developed countries, no link between was found in a study of low and middle income countries3. From Europe, two out of five countries included in a large multinational incidence study showed no relationship between population density and incidence of psychotic disorders, with an inverse relationship observed in a third country10. Urbanicity may have different meanings and effects in different parts of the world. Gene-environment interaction studies might not (yet) give us clear answers, but they do suggest that the gene-component might, thus far, have been comparatively neglected. This perhaps poses more questions than it answers. Is the schizophrenia PRS also associated with urbanicity in low and middle income countries? If so, why is there no excess psychosis risk in urban areas? If not, why not? Is the schizophrenia PRS associated with residency in socially unstable neighbourhoods or other social risk factors thought to play a role in the urbanicity association? Future advances in methodology (increased sample sizes and an improved and a more inclusive PRS) might help us answer these questions and further update our explanatory model of psychosis in urban areas.
In our view, thinking about environmental versus genetic contributions to the etiology of schizophrenia is largely unhelpful; they are warp and weft in what is a going to be a complex, context dependent causal tapestry. Gene-environment selection is earning a place in the design. 
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