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Abstract

Background. We assessed whether the risk of various psychotic disorders and non-psychotic
bipolar disorder (including mania) varied by migrant status, a region of origin, or age-at-
migration, hypothesizing that risk would only be elevated for psychotic disorders.

Methods. We established a prospective cohort of 1796 257 Swedish residents born between
1982 and 1996, followed from their 15th birthday, or immigration to Sweden after age 15,
until diagnosis, emigration, death, or end of 2011. Cox proportional hazards models were
used to model hazard ratios by migration-related factors, adjusted for covariates.

Results. All psychotic disorders were elevated among migrants and their children compared
with Swedish-born individuals, including schizophrenia and schizoaffective disorder (adjusted
hazard ratio [aHR]migrants 220, 95% CI 1.96-2.47; aHR pdren : 2.00, 95% CI 1.79-2.25),
affective psychotic disorders (aHRyigrancl42, 95% CI 1.25-1.63; aHRchjiaren: 1.22 95% CI
1.07-1.40), and other non-affective psychotic disorders (aHRygrane: 1.97, 95% CI 1.81-2.14;
aHR yjdren: 1.68, 95% CI 1.54-1.83). For all psychotic disorders, risks were generally highest
in migrants from Africa (i.e. aHRgchizophrenia: 5-24, 95% CI 4.26-6.45) and elevated at most
ages-of-migration. By contrast, risk of non-psychotic bipolar disorders was lower for migrants
(aHR: 0.58, 95% CI 0.52-0.64) overall, and across all ages-of-migration except infancy (aHR:
1.20; 95% CI 1.01-1.42), while risk for their children was similar to the Swedish-born popu-
lation (aHR: 1.00, 95% CI 0.93-1.08).

Conclusions. Increased risk of psychiatric disorders associated with migration and minority
status may be specific to psychotic disorders, with exact risk dependent on the region of
origin.

Background

The relationship between migration and schizophrenia risk is well-established (@degaard,
1932; Cantor-Graae and Selten, 2005; Fearon and Morgan, 2006; Bourque et al., 2011;
Cantor-Graae and Pedersen, 2013; Close et al., 2016), and extends to children of migrants
(Cantor-Graae and Selten, 2005; Bourque et al., 2011). The risk appears higher among visible
minorities, such as the black Caribbean and African populations in the UK (Fearon et al.,
2006; Kirkbride et al., 2012b), and is not explained by differences in age, sex, or socioeconomic
position (Kirkbride et al., 2008). By contrast, elevated rates have not been consistently shown
for bipolar disorder among migrants (Swinnen and Selten, 2007) or their children
(Cantor-Graae and Pedersen, 2013; Pignon et al., 2017). Despite this, previous studies have
rarely distinguished between bipolar disorders presenting with and without psychotic features.
When restricted to those with psychosis, there is some evidence of higher rates of bipolar dis-
order in migrants and their children (Lloyd et al., 2005).

The impact of migration and social adversity on mental disorders also varies over the life
course (Patel and Goodman, 2007), although only limited, equivocal research has investigated
the role that age-at-migration may play in shaping risk (Veling et al, 2011; Pedersen and
Cantor-Graae, 2012; Kirkbride et al, 2017b). For example, a Dutch study found the highest
risk of psychotic disorders with infant migration (Veling et al., 2011), while a more recent
British study found risk peaked with early childhood migration (Kirkbride et al, 2017b).
Finally, a Danish study found no association between age-at-migration and schizophrenia
(Pedersen and Cantor-Graae, 2012). No study to date has examined age-at-migration in rela-
tion to bipolar disorders, with or without psychosis.

To clarify these issues, we used national register data from Sweden, a country of 10 million
people with a long history of immigration (OECD, 2017), to investigate whether migrant
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status, region of origin, and age-at-migration acted specifically on
the risk of developing psychotic disorders, including schizophre-
nia, affective psychoses (i.e. bipolar disorder with psychotic symp-
toms or psychotic depression), or also extended to non-psychotic
bipolar disorder and mania. Given the earlier research, we
hypothesized that excess risk in migrant groups would be limited
to psychotic disorders. Similarly, we hypothesized that migration
during infancy and early childhood would increase psychosis risk,
but not non-psychotic bipolar disorder and mania. These periods
of the life course are marked by rapid social, neurobiological, and
cognitive development, including maturation of the dopaminergic
system in the prefrontal cortex during infancy (Rothmond et al,
2012; Selemon and Zecevic, 2015) and development of ‘theory of
mind’ and general cognition during early childhood (Perner and
Lang, 1999; Garety et al., 2001; Colvert et al., 2008). Migration
during such periods may disrupt typical neurocognitive develop-
ment, which subsequently increases psychosis risk. Whilst cogni-
tive deficits have been observed in both schizophrenia and bipolar
disorder, cognitive impairments in bipolar disorder appear less
severe (Trotta et al, 2014), and other developmental abnormal-
ities also show specificity towards psychotic disorders during
this period (Reichenberg et al., 2002; Hill et al., 2013).

Methods
Study design and population

We used multiple national Swedish registers to identify all indivi-
duals born between 1982 and 1996, living in Sweden after their
15th birthday, including those who immigrated to Sweden.
Cohort entry was age 15 years, or date of first immigration to
Sweden, if later. Individuals were followed from cohort entry
(earliest: 1 January 1997) until 31 December 2011, or exit from
the cohort due to the diagnosis of a psychiatric disorder of interest
(see below), emigration or death, whichever came sooner. The
Cause of Death register was used to obtain the date of death
and the Migration Register was used to record date of migration.
Individuals who died emigrated for the final time, or who were
diagnosed with a psychiatric outcome before age 15 were
excluded.

Outcomes

We linked participants to the National Patient Register to deter-
mine a psychiatric diagnosis in either inpatient or outpatient set-
tings according to the International Classification of Diseases,
10th revision [ICD-10]. We studied four psychiatric outcomes:
schizophrenia or schizoaffective disorder (F20.X, F25.X); affective
psychotic disorders (F30.2, F31.2, F31.5, F32.3, F33.3), other
non-affective psychotic disorders (F21.X-F24.X, F28.X- F29.X)
and; bipolar disorder or manic symptoms without confirmed
psychotic symptoms (F30.1, F30.8, F30.9, F31.0-31.1, F31.3-
31.4, F31.6-31.9). For individuals who received diagnoses on
multiple visits to in- or outpatient services, we adopted a hierar-
chal classification system, informed by clinical expertise (GL, CD,
CM, AH) and consistent with earlier research (Bjorkenstam et al.,
2013), as follows: schizophrenia or schizoaffective disorder, affect-
ive psychotic disorders, other non-affective psychotic disorders,
and finally, non-psychotic bipolar disorder or mania; date of
cohort exit was defined as the date at which they received this
diagnosis.
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Exposures

We defined migrant status according to information in the Total
Population and Multi-Generational registers. Participants were
classified as (i) migrants if they were born outside of Sweden;
(ii) children of migrants if they were born in Sweden with one or
both parents born outside of Sweden, and; (iii) Swedish-born if
they were born in Sweden to two Swedish-born parents. The
region of origin was defined by Statistics Sweden as Sweden,
Finland, other Nordic countries, other European countries, Asia
and Oceania, the Middle East, Africa, North America, South
America, and unknown, based on country of birth. For migrants,
we categorized age-at-first-migration into five groups: infancy (0-2
years), early childhood (3-6 years), middle childhood (7-12 years),
adolescence (13-18 years) and early adulthood (19-29 years). We
considered sex, current age, and follow-up period (see below) as a
priori confounders. We also controlled for income in supplemental
analyses, obtained from the Longitudinal Integration Database for
Health Insurance and Labour Market Studies [LISA]. Since 1990,
LISA has estimated total disposable family income from all sources
each year (salary, wages, welfare, pensions), weighted for family
size. As age 16 is the earliest an individual is included in the
LISA, for most participants, we utilized information on their fam-
ily income at age 15 via linkage to their parents, including adoptive
parents where relevant. For migrants arriving in Sweden after age
15, we included their family income as first recorded in the LISA
database. Where no income could be estimated, participants were
excluded from these analyses (see below). We calculated income
quintiles in each year for the entire population and assigned this
value to participants in the year of their cohort entry. This method
implicitly takes income inflation into account.

Statistical analysis

We first generated descriptive characteristics of the sample. Next,
for each outcome, we investigated whether incidence varied by
migrant status, region of origin, and age-at-migration using Cox
proportional hazard regression. We estimated unadjusted and
adjusted hazard ratios [aHR] and 95% confidence intervals
[95% CI] for each exposure. To account for possible period effects
(e.g., due to possible changes in health care services over the
14-year follow-up period), we split the data into 5-year bands
of calendar time (1997-2001, 2002-2006, 2007-2011), modelled
as a time-varying covariate. We also modelled age as a time-
varying covariate (15-17, 18-20, 21-23, 24-26, 27-30 years),
given risk of psychiatric disorders varies substantially by age
(Hollander et al., 2016; Kirkbride et al., 2017a). The proportional
hazards assumption was evaluated using Schoenfeld residuals and
examination of log-log plots. We conducted two sensitivity ana-
lyses. First, because income may have been on the causal pathway
between migration-related exposures and risk of psychiatric disor-
ders, these adjustments were presented as sensitivity analyses,
excluding those with missing information on this variable.
Second, we included a washout period to exclude migrant partici-
pants diagnosed with an outcome of interest within 2 years of
immigration to Sweden, who may have been prevalent cases. All
modelling was conducted in Stata, version 13.

Results

We identified 1796 257 individuals who contributed over 12.79
million person-years of follow-up (Table 1). Of these, 17.8%
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Table 1. Cohort characteristics by migrant status

Dykxhoorn Jennifer et al.

Swedish-born (n=1275748)

Children of migrants (n =200 407) Migrants (n =320 102)

Total Total Total
Cases % person-years Cases % person-years Cases % person-years
Psychiatric diagnosis
Schizophrenia + 1333 0.1 9802 814 368 0.2 1403948 471 0.2 1631366
schizoaffective
Affective psychotic disorders 1532 0.1 9802 240 259 0.1 1404 455 372 0.1 1631982
Other non-affective 2899 0.2 9797 765 687 0.3 1402 980 924 0.3 1630197
psychotic disorders
Bipolar disorder without 5130 0.4 9793959 724 0.4 1403 407 441 0.1 1632041
psychotic symptoms
Sex
Male 4499 40.8 5034939 1017 48.2 720336 1265 55.2 823667
Female 6521 59.2 4737861 1094 51.8 678 348 1027 44.8 802 363
Income
Quintile 1 (Lowest) 588 5.3 293129 182 8.6 84411 690 30.1 529386
Quintile 2 2021 18.3 1212372 431 20.4 228359 300 13.1 192003
Quintile 3 2481 225 1731842 565 26.8 347721 470 20.5 329979
Quintile 4 2985 27.1 3011696 485 23.0 374611 381 16.6 270114
Quintile 5 (Highest) 2932 26.6 3517217 436 20.7 358 555 278 12.1 169 106
Unknown 13 0.1 6544 12 0.6 5026 173 7.6 135443
Age-at-migration
Swedish born 11020 100.0 9772800 2111 100.0 1398 684
Infancy (0-2) 384 16.8 221374
Early childhood (3-6) 436 19.0 297272
Middle childhood (7-12) 539 235 394 417
Adolescence (13-18) 458 20.0 301284
Early adulthood (19-29) 475 20.7 397242
Unknown 0 0.0 14441
Region of origin
Sweden 11020 100.0 9772800 2111 100.0 1398 684
Finland 59 2.6 29770
Other Nordic 83 3.6 54832
Europe 582 25.4 522376
Asia + Oceania 356 135 278469
Middle East 560 24.4 441 042
Africa 400 17.5 161752
North America 66 2.9 35259
South America 185 8.1 101726
Unknown 1 0.0 804

were migrants and 11.2% were children of migrants. In all, 15 423
individuals (0.9%) were diagnosed with an outcome of interest
during follow-up, including 2172 individuals (0.1%) with schizo-
phrenia or schizoaffective disorder, 2163 (0.1%) with an affective
psychotic disorder, 4510 (0.3%) with another non-affective psych-
otic disorder, and 6295 (0.4%) with non-psychotic bipolar
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disorder. Among cases, the proportion of women diagnosed
with a psychiatric disorder varied by migrant status (x> on 2
degrees of freedom [df]; p <0.001), being highest amongst the
Swedish-born population (59.2%) and lowest amongst migrants
(45.0%). As expected, migrants with psychiatric diagnoses were
more likely to be in the lowest income quintile (30.2%) compared
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to 5.3% of Swedish-born, and 8.6% of children of migrants (x* on
10 df; p <0.001). Additional cohort characteristics are presented
in Table 1.

Risk of all psychotic disorders was elevated among migrants
and their children compared with Swedish-born individuals,
after adjustment for confounding. For example, risk of schizo-
phrenia and schizoaffective disorder was approximately doubled
in migrants (aHR: 2.20; 95% CI 1.96-2.47) and their children
(aHR: 2.00; 95% CI 1.79-2.25), with similar results obtained for
other non-affective psychotic disorders (Table 2). Risk of affective
psychoses was also elevated amongst migrants (aHR: 1.42; 95% CI
1.25-1.63) and their children (aHR: 1.22; 95% CI 1.07-1.40),
albeit to a lesser extent than for schizophrenia and other
psychoses (Fig. 1). In contrast, migrants were at reduced risk of
bipolar disorder without psychosis (aHR: 0.58, 95% CI 0.52-
0.64) compared with the Swedish-born population, while the
risk was equivocal for children of migrants (aHR: 1.00, 95% CI
0.93-1.08).

The excess risk of psychotic disorders in migrants persisted for
participants from all regions of origin (Table 3). Thus, for schizo-
phrenia and schizoaffective disorder, all migrants (except people
of ‘other Nordic’ origin) were at increased risk, while other non-
affective psychotic disorders were elevated for migrants from all
regions of origin. For affective psychoses, migrants from Africa,
South America, Asia & Oceania, and the Middle East were at
increased risk. For all psychotic outcomes, risk was highest
amongst migrants from Africa, including schizophrenia (aHR:
5.24, 95% CI 4.26-6.45), other non-affective psychoses (aHR:
4.39, 95% CI 3.77-5.10), and to a lesser degree, affective psychosis
(aHR: 2.01, 95% CI 1.49-2.70). By contrast, migrants from Africa,
Europe, the Middle East, Asia, and Oceania showed reduced risk
of bipolar disorder without psychosis compared with the
Swedish-born population (Table 3), and only migrants from
Finland (aHR: 1.56, 95% CI 1.01-2.41) and North America
(aHR: 1.69, 95% CI 1.15-2.50) had elevated risk.

Risks of all psychotic disorders were elevated across most
ages-of-migration compared with the Swedish-born population
(Table 4). For schizophrenia and schizoaffective disorder elevated
risk was apparent across all ages-of-migration relative to the
Swedish-born population, and was highest for those migrating
in adolescence and early adulthood (aHR,4ojescence: 2-38, 95% CI
1.79-3.16; aHRcarty aduithood: 2-77, 95% CI 1.64-4.69). For other
non-affective psychotic disorders risk was elevated at all
ages-of-migration, except early adulthood (aHR: 1.17; 95% CI
0.80-1.72). Risk of affective psychosis was elevated among those
who migrated in infancy (aHR: 1.71, 95% CI 1.31-2.24), adoles-
cence (aHR: 1.81, 95% CI 1.42-2.30) and early adulthood (aHR
2.05, 95% CI 1.20-3.52), but not childhood. In contrast, bipolar
disorder without psychosis was associated with lower risks at all
ages-of-migration, except during infancy (aHR: 1.20, 95% CI
1.01-1.42).

These associations were partially attenuated following adjust-
ment for income, but this did not substantially alter our findings
(online Supplementary Tables S1-S3). A sensitivity analysis
excluding possible prevalent cases in migrants (diagnosed within
2 calendar years of immigration) did not change the pattern of
our results (online Supplementary Tables S4-S6). Schoenfeld
tests and examination of log-log residual plots revealed no evi-
dence of departure from proportionality across our main expo-
sures for schizophrenia or affective psychosis (online
Supplementary Table S7). These tests did suggest a departure
from proportionality for our other two outcomes, but log-log
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residual plots revealed these effects were small and the departure
from a zero-slope was negligible (online Supplementary Fig. S1).

Discussion
Principal findings

This is the first longitudinal study to investigate how migrant sta-
tus, region of origin, and age-at-migration affect the risk of
schizophrenia, schizoaffective disorder, affective psychotic disor-
ders, other non-affective psychotic disorders, and non-psychotic
bipolar disorder. We discovered distinct signatures of risk,
which varied according to the presence or absence of psychosis.
Thus, migration-related exposures substantially increased the
risk of psychotic disorders, albeit with more attenuated effect
sizes for affective psychoses. In contrast, non-psychotic bipolar
disorder showed a markedly different pattern, with generally
lower risks across our three migration-related exposures com-
pared with the Swedish-born population. Our results were imper-
vious to adjustment for income and were unlikely to be explained
by prevalent cases amongst migrants, or by age, sex, or period
effects.

Strengths and limitations

We used to register data from a nationwide cohort of nearly 1.8
million people, with nearly complete coverage, and virtually no
loss-to-follow-up. Clinical recording of schizophrenia spectrum
disorders is known to be highly complete in the registers with
good validity (Dalman et al, 2002; Hollander et al., 2016),
although this requires demonstrating for bipolar disorders. We
limited our follow-up period to 1997-2011 when ICD-10 was
the sole diagnostic classification system used in Sweden. This
avoided major changes in diagnostic practice over the cohort per-
iod and allowed us to distinguish between bipolar disorders with
and without psychosis for the first time in this population. Our
decision to use a hierarchical diagnostic classification did not
bias findings; similar results were obtained when we classified
participants by their first or final diagnosis in the registers (data
available from authors). To account for possible changes in case
ascertainment over time, including the introduction of more out-
patient services in Sweden after 1997, we included calendar time
to control for period effects. There was no evidence of a violation
of proportional hazards across our three migration-related expo-
sures for schizophrenia or affective psychosis. Departures from
proportionality for other outcomes were small, and were likely
driven by our large sample size, and would likely have had trivial
effects on the interpretation of our results.

We have no reason to believe that our estimates of the inci-
dence of bipolar disorder and affective psychosis are not valid,
however, unlike non-affective psychosis, these disorders still
require validation in the Swedish registry data. In our sample,
psychosis was only diagnosed in 25.6% of those with bipolar dis-
order/mania, which is lower than previous lifetime estimates
between 50 and 61% (Goodwin and Jamison, 1990; Dunayevich
and Keck, 2000). This may reflect the young age of our sample,
meaning that some people diagnosed with bipolar disorder with-
out psychosis for the first time in our study may eventually go
onto experience an episode of psychosis. Alternatively, bipolar
disorder with psychosis may be under-diagnosed in Sweden.
Nonetheless, the overall incidence of affective psychosis in our
sample (15.9, 95% CI 15.2-16.6) was higher than reported in
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Table 2. Unadjusted and Adjusted hazard ratios by migrant status
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Unadjusted Adjusted?®
N % Hazard ratio 95% ClI Hazard ratio 95% ClI

Schizophrenia + schizoaffective

Swedish born (reference) 1333 61.4 1 1

Children of migrants 368 16.9 2.00 1.78-2.25 2.00 1.79-2.25

Migrant 471 21.7 2.43 2.19-2.70 2.20 1.96-2.47
Affective psychotic disorders

Swedish born (reference) 1532 70.8 1 1

Children of migrants 259 12.0 1.24 1.09-1.42 1.22 1.07-1.40

Migrant 372 17.2 1.58 1.40-1.77 1.42 1.25-1.63
Other non-affective psychotic disorders

Swedish born (reference) 2899 64.3 1 1

Children of migrants 687 15.2 1.70 1.56-1.84 1.68 1.54-1.83

Migrant 924 20.5 2.13 1.98-2.30 1.97 1.81-2.14
Bipolar disorder without psychosis

Swedish born (reference) 5130 81.5 1 1

Children of migrants 724 115 1.02 0.95-1.11 1.00 0.93-1.08

Migrant 441 7.0 0.59 0.53-0.65 0.58 0.52-0.64

95% Cl, 95% confidence interval.
°Adjusted for age, sex, and time period.
3
25

Fig. 1. Risk of schizophrenia, schizoaffective, and bipo-
lar disorders by migrant status, region of origin, and 0

age-at-migration. A national cohort study of 1.8 million
people. Adjusted hazard ratios by migrant status. 95%
Cl, 95% confidence interval. 'Adjusted for age, sex,
and time period.

previous studies (Kirkbride et al., 2006), favouring the former
explanation than one of under-diagnosis. For all migration expo-
sures, elevated risk of schizophrenia and schizoaffective disorders
was of the order of magnitude higher than for affective psychosis.
For children of migrants (although not migrants) the confidence
intervals around the elevated risk of affective psychosis narrowly
overlapped those for the non-significant difference in risk of bipo-
lar disorder without psychosis between children of migrants and
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m Child of migrant(s)
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the Swedish-born populations; we cannot, therefore, exclude the
possibility that our findings have partially arisen from chance,
although the consistency and pattern of our results suggest this
is unlikely; nevertheless, further, large studies are required to rep-
licate our results.

In our study, case participants were based on contact with
mental health services, which may have led to some underestima-
tion of the true incidence of psychiatric disorders within the
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Table 3. Unadjusted and adjusted hazard ratios by region of origin
Unadjusted Adjusted?
N % Hazard ratio 95% Cl Hazard ratio 95% Cl
Schizophrenia + schizoaffective
Swedish-born (reference) 1333 61.4 1 1
Finland 7 0.3 2.26 1.07-4.75 1.90 0.90-4.02
Other Nordic 10 0.5 1.83 0.98-3.40 1.50 0.80-2.82
Europe 125 5.8 2.01 1.67-2.41 1.85 1.53-2.23
Asia + Oceania 61 2.8 1.92 1.48-2.49 1.72 1.32-2.25
Middle East 123 5.7 2.25 1.87-2.71 2.07 1.71-2.50
Africa 105 4.8 5.94 4.87-7.25 5.24 4.26-6.45
North America 11 0.5 2.77 1.53-5.02 2.44 1.34-4.43
South America 29 13 1.94 1.32-2.83 1.84 1.26-2.70
Affective psychotic disorders
Swedish-born (reference) 1532 70.8 1 1
Finland 6 0.3 1.58 0.71-3.52 1.35 0.60-3.03
Other Nordic 7 0.3 1.02 0.49-2.15 0.89 0.42-1.89
Europe 106 4.9 1.37 1.11-1.68 1.23 0.99-1.53
Asia + Oceania 71 33 1.76 1.37-2.25 1.53 1.18-1.99
Middle East 97 4.5 1.48 1.19-1.83 1.37 1.10-1.70
Africa 50 2.3 231 1.73-3.07 2.01 1.49-2.70
North America 7 0.3 1.49 0.71-3.13 1.36 0.64-2.86
South America 28 1.3 1.79 1.22-2.62 1.81 1.23-2.65
Other non-affective psychotic disorders
Swedish-born (reference) 2899 64.3 1 1
Finland 15 0.3 2.09 1.26-3.47 191 1.14-3.17
Other Nordic 22 0.5 1.56 1.00-2.42 1.36 0.87-2.12
Europe 225 5.0 1.60 1.40-1.84 1.50 1.30-1.72
Asia + Oceania 140 31 1.96 1.65-2.33 1.79 1.50-2.13
Middle East 240 53 2.00 1.75-2.28 1.88 1.64-2.16
Africa 198 4.4 4.89 4.23-5.65 4.39 3.77-5.10
North America 20 0.4 2.12 1.35-3.34 1.94 1.23-3.05
South America 64 1.4 2.13 1.66-2.73 2.12 1.65-2.72
Bipolar disorder without psychosis
Swedish-born (reference) 5130 81.5 1 1
Finland 21 0.3 iIN7S) 1.13-2.66 1.56 1.01-2.41
Other Nordic 31 0.5 1.44 1.01-2.05 1.35 0.94-1.93
Europe 110 1.8 0.45 0.37-0.54 0.43 0.36-0.53
Asia + Oceania 79 13 0.63 0.50-0.79 0.60 0.47-0.75
Middle East 88 1.4 0.42 0.34-0.52 0.43 0.34-0.53
Africa 23 0.4 0.33 0.22-0.50 0.32 0.21-0.48
North America 26 0.4 1.68 1.14-2.47 1.69 1.15-2.50
South America 62 1.0 1.16 0.90-1.49 1.27 0.99-1.63
Unknown 1 0.0 3.73 0.52-26.46 3.27 0.46-23.27

95% Cl, 95% confidence interval. There were no cases of schizophrenia/schizoaffective disorder, affective psychosis, or other non-affective psychosis among people of ‘unknown’ region of origin.

?Adjusted for age, sex and time period.
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Table 4. Unadjusted and adjusted hazard ratios by Age-At-Migration
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Unadjusted Adjusted
N % Hazard ratio 95% Cl Hazard ratio® 95% Cl

Schizophrenia + schizoaffective

Swedish born (reference) 1333 61.4 1 1

Infancy (0-2) 49 23 1.57 1.17-2.09 1.57 1.18-2.09

Early childhood (3-6) 89 4.1 2.16 1.74-2.67 2.14 1.73-2.66

Middle childhood (7-12) 132 6.1 2.34 1.96-2.80 2.32 1.94-2.78

Adolescence (13-18) 105 4.8 2.97 2.43-3.62 2.76 2.23-341

Early adulthood (19-29) 96 4.4 3.56 2.88-4.41 2.77 1.64-4.69
Affective psychotic disorders

Swedish born (reference) 1532 70.8 1 1

Infancy (0-2) 58 2.7 1.69 1.30-2.21 1.71 1.31-2.24

Early childhood (3-6) 58 2.7 1.27 0.97-1.66 1.29 0.99-1.68

Middle childhood (7-12) 67 3.1 1.07 0.83-1.37 1.13 0.88-1.45

Adolescence (13-18) 87 4.0 1.89 1.51-2.38 1.81 1.42-2.30

Early adulthood (19-29) 102 4.7 2.34 1.90-2.89 2.05 1.20-3.52
Other non-affective psychotic disorders

Swedish born (reference) 2899 64.3 1 1

Infancy (0-2) 126 2.8 1.92 1.61-2.30 1.95 1.63-2.33

Early childhood (3-6) 191 4.2 2.16 1.86-2.50 2.15 1.85-2.49

Middle childhood (7-12) 210 4.7 1.76 1.52-2.02 1.82 1.58-2.10

Adolescence (13-18) 207 4.6 2.58 2.24-2.98 2.16 1.86-2.52

Early adulthood (19-29) 190 4.2 2.58 2.22-2.99 1.17 0.80-1.72
Bipolar disorder without psychosis

Swedish born (reference) 5130 81.5 1 1

Infancy (0-2) 141 2.2 1.19 1.00-1.40 1.20 1.01-1.42

Early childhood (3-6) 83 1.3 0.53 0.42-0.66 0.54 0.43-0.67

Middle childhood (7-12) 97 1.5 0.45 0.36-0.55 0.49 0.40-0.59

Adolescence (13-18) 43 0.7 0.31 0.23-0.42 0.27 0.20-0.37

Early adulthood (19-29) 7 1.2 0.68 0.55-0.86 0.35 0.20-0.61

95% Cl, 95% confidence interval; Swedish-born reference category. Children of migrants excluded as results shown in Table 2.

?Adjusted for age, sex, and time period, baseline Swedish-born.

population, although register-based approaches appear to lead to
more complete case ascertainment than first contact designs
(Hogerzeil et al., 2014). Nevertheless, if migrants and their chil-
dren had differential treatment-seeking behaviours compared
with Swedish-born individuals, differential ascertainment bias
could have affected our results. Research from the Netherlands
has demonstrated a larger gap between mental health care need
and service use among migrants compared with native Dutch
(Koopmans et al., 2012). Despite the universal availability of
health care in Sweden, such differences in help-seeking may
have conservatively biased our estimates of risk amongst some
migrants, particularly for less severe phenotypes such as bipolar
disorder without psychosis for which people may be less likely
to seek mental health care. Nevertheless, our findings for bipolar
disorders without psychosis are in line with previous studies
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which have not consistently found elevated risk in migrants or
their children (Swinnen and Selten, 2007; Cantor-Graae and
Pedersen, 2013; Pignon et al., 2017).

Our sensitivity analyses suggested our results were not due to
confounding by income. Nevertheless, our income covariate was
differentially missing by migrant status (7.4% in migrants, 0.5%
in their children, 0.1% in the Swedish-born), which may have
introduced bias vis-a-vis residual confounding; from the available
data, however, any confounding effect appeared modest, and
income may lie on the causal pathway between migration and
mental health, making adjustment inappropriate.

Further sensitivity analyses suggested our results were unlikely
to be attributable to prevalent cases amongst migrants, arguing
against selective migration, consistent with previous observations
(Selten et al, 2002; van der Ven et al, 2014). Migration is a
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cognitively-demanding process, requiring effective planning skills,
which would be inconsistent with premorbid cognitive defects
experienced by people who go onto develop psychosis
(Rosenthal et al., 1974; Cannon et al., 2000; van der Ven et al.,
2014).

Comparison with the previous literature

Our results are consistent with previous research demonstrating
an increased risk of schizophrenia-spectrum disorders among
migrants and their children (Lloyd et al, 2005; Coid et al,
2008; Cantor-Graae and Pedersen, 2013). Some studies have
also shown an increased risk of affective psychosis in migrants
and their children (Lloyd et al, 2005; Coid et al., 2008). Our
results also mirror the wider literature, which has shown that
region of origin has a significant impact on psychosis risk
(Kirkbride et al., 2012a; Pedersen and Cantor-Graae, 2012), not-
ably amongst visible minority populations (Fearon et al., 2006;
Coid et al., 2008; Kirkbride et al., 2012a).

Comparisons with previous findings with respect to age-at-
migration and psychotic disorders require careful attention. In
one study (Veling et al., 2011), the highest risk of non-affective
psychoses amongst migrants relative to the background popula-
tion was associated with migration during infancy, with risk
declining thereafter, such that adulthood migration was not asso-
ciated with differences in risk. Two further studies (Anderson
et al., 2015; Kirkbride et al., 2017b) found some evidence that ele-
vated psychosis risk peaked with migration during adolescence
relative to the background population, consistent with our obser-
vations for non-affective psychotic disorders. Nevertheless, in all
these studies, including our own, overlapping confidence intervals
for risks at different ages-of-migration mean these findings are
also consistent with those reported by Cantor-Graae and
Pedersen and Pedersen (2003) in Denmark, who found no
statistically significant differences in psychosis risk by age-of-
migration, when migration at birth provided the reference
category. In our study, the only robust differences in risk by
age-of-migration occurred for bipolar disorder without psychosis,
never previously examined, where risks were elevated with infant
migration, but significantly reduced at all other ages of migration,
relative to the Swedish-born population.

Meaning of findings

The different signatures of risk we observed between psychotic
and non-psychotic disorders with respect to migration suggest
that exposure to adversities related to migration and minority sta-
tus could act specifically on psychotic rather than affective path-
ways. Emerging research supports the hypothesis that psychotic
and non-psychotic bipolar disorder may have distinct neurodeve-
lopmental origins (Murray et al., 2004; Maggioni et al., 2017). For
example, structural magnetic resonance imaging has revealed that
non-psychotic bipolar disorders do not show deficits in cortical
grey matter volume, in contrast to affective psychosis and other
psychotic disorders (Maggioni et al., 2017). Moreover, schizo-
phrenia (Green, 2006) and bipolar disorder with psychosis
(Glahn et al., 2007; Bora et al., 2010; Hill ef al., 2013) also appear
to share premorbid cognitive deficits, not consistently observed
for non-psychotic affective disorders (Reichenberg et al., 2002;
Trotta et al., 2014). These deficits could contribute to a plausible
pathway, through which repeated exposure to social adversities,
including migration, leads to psychotic symptoms via increased
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stress reactivity (Bentall et al, 2014). Individuals who develop
non-psychotic bipolar disorder may not experience comparable
premorbid cognitive deficits (Goodwin et al., 2008; MacCabe
et al., 2010; Vreeker et al., 2016). However, the evidence remains
equivocal, as a recent meta-analysis did not find different trajec-
tories of cognitive functioning between schizophrenia and bipolar
disorder (Bora and Ozerdem, 2017), though did not differentiate
between those with and without psychosis in the latter.

Repeated exposure to factors associated with migration -
including social disadvantage, trauma or discrimination experi-
enced prior to, during, or following migration - may also prime
individuals to expect a greater level of threat from the environ-
ment (Reininghaus et al., 2016). Such processes may sensitize
neurobiological pathways relevant to psychosis, including dysre-
gulation of the mesolimbic dopaminergic system (Kapur, 2003),
particularly amongst those with impaired neurocognition, who
may be more prone to errors in salience appraisal of irrelevant
or benign environmental stimuli (Kapur, 2003; Roiser et al.,
2009). Given the absence of similar neurocognitive impairments
in non-psychotic bipolar disorder (Kapur, 2003; Roiser et al,
2009), such psychological and biological mechanisms may par-
tially underlie the observed differences between psychotic and
non-psychotic disorders.

We should also give credence to another possible explanation
of our results: misdiagnosis. It has been suggested that higher
rates of psychotic disorders in some ethnic minority groups are
due to diagnostic bias, with people from the majority group less
likely to receive a stigmatizing diagnosis such as schizophrenia
compared with bipolar disorder (Schwartz and Blankenship,
2014). Although we did not have data on ethnicity in our study,
migrants from regions where they were most likely to be visible
minorities in Sweden (i.e. Africa, the Middle East, Asia &
Oceania) were more likely to be diagnosed with a psychotic dis-
order, and less likely to be diagnosed with bipolar disorder with-
out psychosis than Swedish-born participants. Together with the
finding that only migrants from Nordic countries or North
America were more likely to be diagnosed with the non-psychotic
bipolar disorder than the Swedish-born population, this is con-
sistent with the misdiagnosis hypothesis. Nonetheless, our data
do not entirely support this explanation. Finnish, other Nordic
and European, and North America migrants were also all at
increased risk of psychotic disorders, to a similar extent to groups
from the Middle East, Asia, and South America. Furthermore, in
our data, European migrants were also less likely to be diagnosed
with the non-psychotic bipolar disorder, which does not readily
fit with the hypothesis that people of white ethnicities are likely
to receive less stigmatizing (non-psychotic) diagnoses instead of
psychotic ones. In general, the misdiagnosis hypothesis is not
borne out by other available evidence (Lewis et al, 1990;
Hickling et al., 1999; Selten et al., 2010; Zandi et al., 2010), and
previous epidemiological studies — with some blinding of diagnos-
ticians to ethnicity - have demonstrated elevated rates of psych-
otic disorders persist in several black and minority ethnic
groups (Fearon et al., 2006).

Conclusion

The shared patterns of risk across three categories of psychotic
disorders with respect to various migration-related exposures sug-
gest that migration may act specifically on psychotic rather than
affective pathways to disorder. This provides potentially import-
ant clues to the aetiology of serious mental illnesses and should
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galvanise efforts to identify the exact social, environmental, and
biological determinants of this preventable, gross inequality
experienced by migrant and minority populations (Kirkbride,
2017).
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