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Abstract. There is robust and consistent evidence from epidemiological studies showing that urban birth is associated with an
increased risk of developing schizophrenia. Evidence suggests that this exposure may be associated with a sizeable proportion of
cases. To date the candidate exposures underlying the urban birth risk factor have included infectious agents, low prenatal vitamin
D, toxins associated with pollution, and stress. However, in general, the hypotheses proposed to explain the urban birth risk factor
have been unsatisfying. In light of the general trend towards increasing urbanization, it is feasible that the attributable fraction of
schizophrenia associated with urban birth may increase. The psychiatric research community should have a sense of urgency in
exploring the mechanisms linking urban birth and risk of schizophrenia.

INTRODUCTION

Links between the urban environment and schizophre-
nia have long been a topic of interest (Faris & Dunham,
1939; Freeman, 1994). The fact that the prevalence of
schizophrenia appeared greater in the city, especially
poorer urban regions, could be easily dismissed as mere-
ly a reflection of "social drift" - people with disabling
conditions tend to be poor and thus tend to live in areas
with cheaper accommodation (Goldberg & Morrison,
1963). Perhaps the maldistribution of mental health serv-
ices also could contribute to an apparent urban-rural gra-
dient in the prevalence of serious mental disorders.
However, the situation changed abruptly when a series of
well-designed studies found an association between
urban birth and an increased risk of developing schizo-
phrenia (Lewis et al, 1992; Marcelis et al, 1998;
Mortensen et al, 1999). Urban birth and urban residence
prior to onset act as a proxy marker for an exposure (or
set of exposures) that apparently influences the incidence
of the condition.

Over the last eight years the association between urban
birth and schizophrenia has been relatively consistent
(Pedersen & Mortensen, 2006; Spauwen & van Os,
2006). In contrast to many other risk factors for schizo-
phrenia (e.g. influenza, obstetric complications), urban
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birth is a "stubborn" risk factor. The data are relatively
consistent in effect size (and direction). Overall, the data
are high quality and convincing. In contrast, the hypothe-
ses proposed to explain the finding have not matched the
quality of the data.

Mixed results from systematic reviews

We had the opportunity to examine urbanicity and
schizophrenia in two recent systematic reviews. For
example, a systematic review reported that those living in
cities had significantly higher incidence rates of schizo-
phrenia compared to those living in mixed urban-rural
sites (McGrath et al, 2004). These studies, which were
drawn from 33 countries, generated a total of 1,456 inci-
dence rates. While there were many studies from mixed
urban-rural catchment areas (n = 41), there were only 19
studies from "pure" urban sites, and 5 from "pure" rural
sites. Nevertheless, when the rates were divided into
urban versus mixed urban/rural, urban sites had signifi-
cantly higher rates for persons. However, these studies
did not examine place of birth. The review highlighted a
relative paucity of incidence data from rural regions or
from the developing world. However, the results from the
systematic review are broadly consistent from the more
precise within-nation studies conducted in Scandinavia
and Europe.

Unexpectedly, when we undertook a systematic
review of the prevalence of schizophrenia, we did not
find a significant urban-rural gradient (Saha et al, 2005).
We identified 73 prevalence estimates from urban sites,
48 estimates from rural sites and 137 from mixed urban-
rural sites. While the mixed urban/rural estimates were
higher than urban and rural rates, this difference was not
statistically significant (F2.235 - 1.63, p = .20), nor were
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urban estimates significantly different compared to rural
(Fi.no = 0.95, p = .33). In light of (a) the urban-rural gra-
dient in incidence studies, (b) "social drift" theory, and
(c) the evidence suggesting less industrialized settings
may facilitate recovery (Warner, 1999), the lack of an
urban-rural gradient in the prevalence of schizophrenia is
hard to explain.

Urban birth is associated with a large population
attributable fraction

While the relative risk associated with urban birth is
modest (about two fold risk compared to rural birth), the
population attributable fraction is about 30% (Marcelis et
al, 1998; Mortensen et al., 1999). This is a reflection of
the high proportion of the population in the developed
world that is "exposed" to urban birth. While the interpre-
tation of population attributable fractions requires cau-
tion, the notion that nearly a third of all individuals may
have schizophrenia as a result of the yet-to-be-identified
urban risk factor(s) is startling.

No one needs reminding that schizophrenia con-
tributes substantially to the global burden of disease
(Murray & Lopez, 1996). Also, clinicians and health
planners are painfully aware that even with optimal fund-
ing and evidence-based treatment, a large portion of the
disability associated with schizophrenia is unavoidable
(Andrews et al, 2003; 2004). The bottom line is that
these two statements synergize into a potent argument for
greater investment in research to help prevent schizo-
phrenia. While prevention may seem quixotic, long jour-
neys need to start somewhere. We argue that when setting
research priorities, risk factors associated with higher
attributable fractions should be given priority. Thus, can-
didate exposures related to the urban birth risk factor
warrant high priority. Even more chilling, population
demographics indicate increasing urbanization in both
the developed and developing world, (McMichael, 2001).
While speculative, it is feasible that the population attrib-
utable fraction of schizophrenia associated with urban
birth will rise in the decades to come.

Candidate exposures underpinning urban birth

Epidemiology is a blunt instrument - it is much better
at generating candidates than proving them. In the
absence of understanding the neurobiological correlates
of schizophrenia, it becomes difficult to discriminate
between risk-modifying factors (i.e effectors) and risk-
indicating factors (proxy markers) (McGrath & Murray,
2003). With respect to urban birth, schizophrenia

research has an example where the epidemiological data
are much strong than the candidate exposures.

A number of biological candidates have been investi-
gated as effectors for the increased incidence of schizo-
phrenia in those of urban birth. Infection during the pre-
natal period or during the early years of life could con-
tribute to the urban-rural gradient. Those living in the city
could be at increased risk of infection because of over-
crowding and the more rapid spread of contagious agents
(Torrey & Yolken, 1998). However, the epidemiological
evidence for this is mixed (Agerbo et al., 2001; Wahlbeck
et al., 2001). Equally, those living in rural regions may
more likely be exposed to farm animals, which could
contribute to a different range of infective exposures.

Population levels of vitamin D have clear urban-rural
gradients (lower in urban regions) (Nesby-O'Dell et al.,
2002). While the evidence from animal models has
demonstrated that low prenatal vitamin D alters brain
development (Eyles et al., 2003), there is no direct evi-
dence demonstrating a link between this candidate expo-
sures and the urban-rural gradient in the incidence of
schizophrenia. Malnutrition in general has been associat-
ed with higher rates of schizophrenia, however it is hard
to map this candidate along urban-rural gradients (Hoek
et al, 1998).

Toxins related to air pollution have urban-rural gradi-
ents, and are thus worthy candidates. It is known that
many of these candidates (e.g. lead) can impact on brain
development, thus they have good biological plausibility.
Pederson has recently examined proximity to major roads
as a proxy marker of exposure to fuel-related toxins,
however the study found no association between the vari-
ables of interest (Pedersen & Mortensen, 2006a).

Could differential exposure to substance abuse con-
tribute to the urban-rural gradient? Increased exposure to
cannabis (Hall et al, 2004; Semple et al, 2005) and other
substances seem like reasonable candidates, but once
again, there is a relative paucity of the data to suggest that
this exposure underlies the increased urban incidence of
schizophrenia.

In recent decades there has been a long-overdue ren-
aissance in research examining the role of social stress
and risk of schizophrenia (van Os et al, 2005).
Childhood stress (Corcoran et al, 2003), early maternal
stress (Spauwen et al, 2004), and child abuse (Read et
al, 2005), have all been postulated as potential compo-
nent causes for schizophrenia. Social capital (i.e. the
"connectedness" and positive support provided by a
close-knit community) (McKenzie et al, 2002) is one
broad mechanism that may differentially buffer or protect
individuals according to urban-rural gradients. Similarly,
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social fragmentation (as measured by households with
non-married adults, adults living alone, population
turnover or private renting) is associated with higher first
admission rates for psychosis. This association occurred
independent of urbanicity (Allardyce etal, 2005 ). These
candidates are thought provoking and worthy of investi-
gation (Drukker et al, 2005). Unfortunately, these expo-
sures are also notoriously difficult to partition into units
suitable for measurement at the analytic level. Just as
well schizophrenia researchers like a challenge!

In summary, the quality of the empirical data linking
urban birth and/or urban residence with risk of schizo-
phrenia is relatively strong (and certainly stronger than
many candidate genes currently attracting biomedical
research funds). In contrast to the strength of the data, the
candidate exposures and hypotheses proposed to under-
pin this gradient are generally unconvincing.

What should be done now?

First and foremost, the schizophrenia research com-
munity needs to generate a sense of urgency about the
importance of understanding the urban birth risk factors.
We need to wake from our slumber. If a third of all car-
diovascular disease had been linked to an environmental-
ly-mediated risk indicator, one would predict that govern-
ment funding agencies would invest heavily in projects
aimed at understanding the mechanisms of action linking
the variables of interest (e.g. think of the "epidemic" of
cardiovascular disease in the mid-twentieth century and
the Framingham Heart study). The fact that this has not
yet happened in schizophrenia reflects poorly on our dis-
cipline.

As with any field of epidemiology, we need to strike a
balance between further replications versus more
focused research related to candidate exposures. It would
be a great shame if the urban birth risk factor, like season
of birth, degenerated into "circular epidemiology"
(Kuller, 1999), where an oft-replicated finding can fail to
move from descriptive to analytical case-control and lon-
gitudinal studies. This has not happened yet, as the repli-
cation studies have been able to refine the research strat-
egy and "add value" to the results. For example, some
studies have tried to refine the critical window of expo-
sure (Marcelis et al, 1999; Pedersen & Mortensen,
2001), or examine secular trends in the effect size of the
risk factor (Pedersen, 2006). Not all studies in developed
societies have detected an association (Haukka et al,
2001). Well designed studies that do not find an associa-
tion will be important for refining the field of candidate
exposures.

Another strategy that warrants closer inspection is to
try to "amplify the signal". If urbanicity is a risk factor
for schizophrenia, then this should be readily detected in
incidence studies in very large cities. Basing studies in
Denmark or the Netherlands may not provide a sufficient
variation in exposures to allow candidate refinement.
Cities in these two nations are relatively small (no cities
in the top 300 cities by population currently). Recently,
an incidence study from Sao Paulo (the second largest
city, 10.3 million), reported a relatively low incidence of
schizophrenia (Menezes et ah, 2006). Studies such as the
Aetiology and Ethnicity in Schizophrenia and Other
Psychoses (AESOP) (Morgan et al, 2005) have the
capacity to examine how incidence varies between cities,
which could also help guide candidate selection.

As candidate exposures are generated, analytical epi-
demiology can test more precise hypotheses. For exam-
ple, if prenatal exposures such as infection, lead or vita-
min D deficiency are implicated, then the assessment of
biological specimens (banked maternal sera, neonatal
dried whole blood spots) could examine the putative
association directly. Animal studies can also help by
assessing the biological plausibility of different candi-
dates (e.g. fever due to infection, social defeat, stressors).
Candidate exposures can then be rank ordered on a
league table to help set research priorities. Furthermore,
within the field of candidate risk factors for schizophre-
nia, we argue that candidates that offer the potential for
public health interventions should also be accorded prior-
ity (McGrath, 2003).

CONCLUSION

We have a clear and strong signal telling us urban birth
and urban residence increases the risk of developing
schizophrenia. However, the quality of the data has not
been matched by the quality of the hypotheses. Currently
we have a few candidate exposures, but we need more.
The response to testing of these candidate exposures has
generally been underwhelming. Let's hope that the next
decade of research on urbanicity and schizophrenia will
be less ataxic and more focused. Schizophrenia
researchers can not afford to squander good data.
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