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IMPORTANCE Being born or raised in more densely populated or deprived areas is associated
with increased risk of nonaffective psychosis in adulthood, but few studies to date have
examined the role of general cognitive ability in these associations.

OBJECTIVE To investigate whether lower IQ contributed to the association between
population density or deprivation and nonaffective psychosis (mediation) and whether these
associations were stronger in people with lower IQ (effect modification).

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study evaluated a
population-based sample of men born in Sweden from January 1, 1982, to December 31,
1988, and conscripted into military service at 18 years of age. Data were collected from
January 1, 1982, to December 31, 2016, and analyzed from May 1 to December 31, 2018.

EXPOSURES Continuous measures of small area-level population density (persons per square
kilometer) and socioeconomic deprivation at birth. Deprivation was based on area-level
social, criminal, and unemployment data. IQ was assessed during conscription at 18 years
of age (mean [SD] IQ, 100 [15]).

MAIN OUTCOMES AND MEASURES First diagnosis of International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, nonaffective psychosis from 18 years
of age until December 31, 2016, recorded in the National Patient Register.

RESULTS The study sample included a total of 227 429 men who were classified as at risk of
psychosis from 18 years of age until the end of follow-up. Of these, 1596 men (0.7%) were
diagnosed with nonaffective psychosis. After adjustments for confounders, odds of
nonaffective psychosis increased per 1-SD increase in population density (odds ratio [OR],
1.07; 95% CI, 1.04-1.14) and deprivation (OR, 1.09; 95% CI, 1.02-1.13) at birth. IQ was negatively
associated with deprivation after adjustments (effect estimate per 1-SD increase in
deprivation: −0.70 points; 95% CI, −0.78 to −0.62 points) but not with population density.
In mediation analyses, based on the potential outcome framework, 23% (95% CI, 17%-49%)
of the total effect of deprivation on nonaffective psychosis was mediated by IQ. IQ did not
modify associations between deprivation or population density and nonaffective psychosis.

CONCLUSIONS AND RELEVANCE These findings suggest that being born in more deprived
neighborhoods may partly increase risk of nonaffective psychosis through subsequent effects
on cognitive development, consistent with the wider literature on neurodevelopmental
delays associated with psychotic disorder. Identifying factors in deprived environments that
give rise to this process could inform public health strategies to prevent nonaffective
psychosis.
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S tudies have found that the risk of nonaffective psycho-
sis is higher in people born, brought up, and living in
more urban and deprived settings. These studies were

primarily performed in Northern Europe and North America.1-6

Although recent cross-sectional data on psychotic experiences7

and disorder8 suggest rural-urban differences in psychosis risk
may not be universal, longitudinal evidence in other con-
texts is missing, and there is a need to better understand the
mechanisms that underpin the associations where they have
been observed.9 Mechanisms appear to preclude individual so-
cial drift,5 although evidence is equivocal as to whether shared
familial factors are responsible.10-13

Evidence from mendelian randomization studies sup-
ports a causal, bidirectional association between cognition
and schizophrenia, which may share a common genetic
basis.14 Given strong evidence that nonaffective psycho-
ses have neurodevelopmental antecedents15,16 and that a
lower premorbid IQ shows a dose-response relationship
with subsequent risk of nonaffective psychosis,17,18 growing
up in more urban or deprived environments could possibly
lead to neurodevelopmental sequelae that affect IQ
and later risk of disorder. Although IQ is heritable and sta-
ble from early adolescence to old age,19 strong evidence
suggests that it is influenced by socioeconomic status and
education in early life,14,20-23 which may be affected by
fewer resources and educational opportunities in deprived
neighborhoods.21 Similarly, birth and upbringing in more
densely populated environments may confer greater
exposure to infections,24 obstetric complications, or social
stressors,25 all associated with nonaffective psychosis and all
of which could influence neurocognitive development. It is
therefore possible that being born into more deprived or
densely populated environments might impede cognitive
development, increasing subsequent risk of nonaffective
psychosis. To our knowledge, no study to date has tested
whether IQ lies on this pathway as a mediator of these
associations.

Higher IQ might also protect against environmental risk
factors for nonaffective psychosis via greater cognitive
reserve or neural resilience.17,26 If this is true, we would
expect a stronger association between urbanicity at birth
and nonaffective psychosis in individuals with lower
compared with higher IQ (ie, effect modification). To our
knowledge, only 1 study has investigated this association,
in a population-based cohort of Danish men,27 and found
no evidence of such effect modification. However, this
smaller study relied on approximate markers of urbanicity
(settlement size) and lacked detailed small area-level
characteristics.

We sought to test the mediating and moderating role of IQ
in associations between population density and deprivation
at birth and subsequent risk of nonaffective psychosis. We hy-
pothesized that IQ would partially mediate associations be-
tween neighborhood characteristics at birth and risk of adult
nonaffective psychotic disorder. We also hypothesized that IQ
would modify these associations, with a stronger effect of ur-
banicity on psychosis risk in men with lower IQ, consistent with
the cognitive reserve hypothesis.

Methods

Study Design and Setting
Using Psychiatry Sweden, a comprehensive record linkage for
research on mental health, we identified a prospective cohort
of men born in Sweden from January 1, 1982, to December 31,
1988, who were conscripted into military service at their 18th
birthdays and followed up until December 31, 2016. Only 2%
to 3% of the male population were excused from conscrip-
tion, mostly for severe mental or physical disability. Partici-
pants were linked to national register data using a civic regis-
tration number assigned at birth. Although conscription was
mandatory in Sweden from 1901 to 2010, we restricted our co-
hort to those born from 1982 to 1988, to coincide with avail-
ability of small area characteristics from 1982 onward, and be-
cause conscription began to decline for birth cohorts after 1988,
leading to less representative samples. Men diagnosed with
nonaffective psychosis before conscription were excluded. This
study was approved by the ethical review board at Karolinska
Institutet, Stockholm, Sweden, which waived the need for in-
formed consent for use of registry data. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Outcome
Our outcome was first diagnosis of an International Statisti-
cal Classification of Diseases and Related Health Problems, Tenth
Revision, nonaffective psychosis (codes F20-F29) recorded in
the National Patient Registry from 18 years of age (earliest,
January 1, 2000) until December 31, 2016. The National Pa-
tient Register had 100% coverage of inpatient care in Sweden
during this period, with outpatient coverage beginning in 2001
and complete by 2006.28

Exposures
Our main exposures were population density and socioeco-
nomic deprivation at birth, at the Small Area Marketing Sta-

Key Points
Question Does lower IQ contribute to the association between
being born into more densely populated or deprived areas and
subsequent nonaffective psychosis, and are those associations
stronger in people with lower IQ?

Findings In a nationwide, population-based cohort of 227 429
Swedish men, being born in more densely populated or deprived
areas was associated with an increased risk of adult nonaffective
psychosis. Strong evidence suggested that being born in more
deprived areas was associated with reduced IQ at 18 years of age,
which could account for as much as 23% of the association
between deprivation and nonaffective psychosis, but no evidence
of effect modification by IQ was found.

Meaning These findings suggest that being born in more deprived
neighborhoods may partly increase risk of nonaffective psychosis
in adult men through its effects on cognitive development,
consistent with the wider literature on neurodevelopmental delays
associated with psychotic disorder.
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tistics (SAMS) area level (9200 SAMS regions; median 2011
population size, 726 [interquartile range, 312-1378]),29 iden-
tified via the Statistics Sweden Regional Register, which con-
tains annually updated information on neighborhood charac-
teristics since 1982. SAMS regions are designed to maximize
internal homogeneity with respect to socioeconomic and
demographic characteristics. Place of birth was the mother’s
residence when her child was born.

We estimated population density as people per square ki-
lometer in each participant’s SAMS region in their birth year
(eFigure 1 in the Supplement). We estimated deprivation for
each participant’s SAMS region in their birth year based on a
composite measure of levels of crime and unemployment, low
income, and receipt of social benefits (eMethods 1 in the
Supplement). We divided both exposures by their SDs to align
them on comparable scales.

Mediators and Moderators
Data on IQ was obtained from the military conscription reg-
ister at approximately 18 years of age (mean [SD] age, 18.22
[0.41] years) (details in eMethods 2 in the Supplement). IQ
scores were standardized and categorized to give a normally
distributed variable ranging from 1 to 9, which we trans-
formed to have a mean of 100 and SD of 15.24,30 We divided
this scale by the SD.

Confounders
We included potential confounders from linked registers
(eMethods 1 in the Supplement). These confounders consisted
of paternal age at birth, parental history of severe mental ill-
ness (yes/no), family disposable income quintile at participant
birth, parental educational level, migrant status, and paternal
IQ (obtained from the military conscription register).

Missing Data
Basedonpreviousregisterstudies,weexpectedlittlemissingdata
(<5%), although conscription IQ data has more missing values
(17%) (eFigure 2 in the Supplement).24 We handled missing data

via multiple imputation in sensitivity analyses (eMethods 3 in
the Supplement). To impute missing data, we used conscripts’
educational attainment at 16 years of age, all characteristics de-
scribed in Tables 1 and 2, and several auxiliary variables (mater-
nal smoking, obstetric complications and infections in the first
year of the participants’ life, and childhood residential mobility)
(eTables 8 and 9 in the Supplement).

Statistical Analysis
Data were analyzed from May 1 to December 31, 2018. Full de-
tails of the statistical methods are given in the eMethods 1 in the
Supplement. Briefly, we used multilevel logistic regression to
examine associations between population density and depri-
vation and the odds of nonaffective psychosis. We tested for ef-
fect modification by IQ in these models by fitting interaction
terms between each exposure and IQ, assessed via likelihood
ratio test. Power analysis via simulation was conducted for ef-
fect modification between population density at birth and IQ
and between deprivation at birth and IQ, simultaneously on risk
of nonaffective psychosis (eMethods 4 and eTable 12 in the
Supplement). We also calculated the population attributable
fraction for population density and deprivation on nonaffec-
tive psychosis. Where appropriate, we tested for mediation by
IQ of the association between population density or depriva-
tion and nonaffective psychosis risk using the potential out-
comes framework, a class of causal mediation analysis fitted
using parametric mediation models (eMethods 2 in the
Supplement).31,32 We performed sensitivity analyses to inves-
tigate whether any observed associations were explained by pro-
dromal effects of psychosis on IQ, paternal IQ, and missing data.
All analyses were performed in Stata, version 15 (StataCorp LLC).

Results
Our complete case sample included 227 429 conscripted men
born in Sweden from 1982 to 1988 (80.2% of eligible sample)
(eFigure 2 in the Supplement). Conscripts with missing data

Table 1. Baseline Characteristics of the Sample Used for Analyses
According to Categories of Population Densitya

Characteristic

Population Density Categoryb

Most Rural
(n = 73 558)

Semirural
(n = 70 446)

Semiurban
(n = 48 761)

Most Urban
(n = 34 664)

Nonaffective psychosis, No. (%) 385 (0.5) 436 (0.6) 440 (0.9) 335 (1.0)

IQ score, mean (SD) 99.25 (15.18) 100.31 (15.22) 100.56 (15.34) 99.92 (15.54)

Most deprived category, No. (%) 3033 (4.1) 2743 (3.9) 7001 (14.4) 9363 (27.0)

Maternal educational level ≤9 y,
No. (%)

2051 (2.8) 1726 (2.5) 1444 (3.0) 1684 (4.9)

Paternal educational level ≤9 y,
No. (%)

6906 (9.4) 4156 (5.9) 2318 (4.8) 2047 (5.9)

Lowest family income quintile,
No. (%)

1978 (2.7) 1297 (1.8) 1313 (2.7) 1312 (3.8)

History of any psychosis in either
parent, No. (%)

1713 (2.3) 1782 (2.5) 1578 (3.2) 1322 (3.8)

Parent(s) migrated into Sweden,
No. (%)

5441 (7.4) 7983 (11.3) 8725 (17.9) 9189 (26.5)

Mother age at birth, mean (SD), y 28.44 (4.93) 28.73 (5.01) 28.45 (5.09) 28.02 (5.04)

Father age at birth, mean (SD), y 31.51 (5.58) 31.44 (5.64) 31.10 (5.84) 30.84 (6.00)

a Includes participants with no
missing data (n = 227 429).

b Units are number of people per
square kilometer. Categories were
created using the population
density distribution in the entire
Swedish population: 0 to 152.9
(minimum to median value; most
rural); 153.0 to 1488.7 (median to
75th centile; semirural); 1488.8 to
4590.1 (75th to 90th centiles;
semiurban); and 4590.2 to 48 657.0
(90th centile to the maximum
value; most urban). The P values for
categorical variables are calculated
from χ2 tests; for continuous
variables, the global P values are
calculated from linear regressions
with population density the
exposure. P < .001 for all
comparisons.

Neighborhood Characteristics, IQ, and Nonaffective Psychosis Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online March 11, 2020 E3

Downloaded From: https://jamanetwork.com/ by a University College London User  on 03/11/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.0103?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.0103


(18.8%) were more likely to come from more densely popu-
lated and deprived areas and to have a diagnosis of nonaffec-
tive psychosis, lower IQ, parents from the lowest educational
and income categories, parents with a history of psychosis, and
parents who had migrated to Sweden (eTable 1 in the Supple-
ment).

In our sample, 1596 men (0.7%) were diagnosed with non-
affective psychosis. A higher proportion of participants with
nonaffective psychosis were born in the most densely popu-
lated (335 of 34 664 [1.0%] vs 385 of 73 558 [0.5%]) (Table 1)
and deprived (242 of 22 340 [1.1%] vs 715 of 113 659 [0.6%])
SAMS regions (Table 2) than the population at risk. IQ scores
at 18 years of age were lower in the most deprived areas
(Table 2), but no clear association was apparent with popula-
tion density (Table 1). We found a small correlation between
population density and deprivation (r = 0.28).

Population density and deprivation were associated with
risk of nonaffective psychosis (Table 3), including in multi-
variable-adjusted models (odds ratio [OR] for population den-
sity, 1.07 [95% CI, 1.04-1.14]; OR for deprivation, 1.09 [95% CI,
1.02-1.13]). We found no evidence of nonlinearity for popula-
tion density (P = .26) or deprivation (P = .18). We estimated a

population attributable fraction of 31% (95% CI, 11%-47%) for
deprivation and 6% (95% CI, 3%-9%) for population density.

We found strong evidence of a negative association be-
tween IQ and nonaffective psychosis, which remained after ad-
justments (OR for 1-SD increase in IQ, 0.70; 95% CI, 0.67-
0.74) (Table 3). There was no evidence that the association
between IQ and nonaffective psychosis was nonlinear (P = .57).
There was no evidence that IQ modified associations be-
tween population density (likelihood ratio test, P = .52) or
deprivation (likelihood ratio test, P = .65) and nonaffective
psychosis.

In a univariable model, IQ scores increased by 0.15
(95% CI, 0.03-0.26) points per 1-SD increase in population
density, but this association disappeared after adjustments
(0.06 [95% CI, −0.02 to 0.14] points per 1-SD increase)
(Table 4). IQ scores changed by −0.70 (95% CI, −0.78 to
−0.62) points per 1-SD increase in deprivation in the fully
adjusted model (Table 4).

Given the absence of evidence for an association be-
tween population density and IQ (path A in eFigure 3 in the
Supplement and Table 4), we restricted mediation analysis to
deprivation. After adjustments, the OR for the total effect of

Table 3. Univariable and Multivariable Associations Between Population Density, Deprivation, or IQ and Nonaffective Psychosis

Exposure

Nonaffective Psychosis (n = 227 429)

Unadjusteda Bivariableb Multivariablec Fully Adjustedd

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
Population densitye 1.17 (1.12-1.21) <.001 1.13 (1.09-1.18) <.001 1.07 (1.04-1.14) .008 1.10 (1.05-1.15) <.001

Deprivationf 1.18 (1.12-1.23) <.001 1.13 (1.08-1.19) <.001 1.09 (1.02-1.13) .002 1.05 (1.00-1.11) .04

IQg 0.71 (0.68-0.75) <.001 NA NA NA NA 0.70 (0.67-0.74) <.001

Abbreviations: NA, not applicable; OR, odds ratio.
a Indicates separate univariable models for population density, deprivation,

and IQ.
b Indicates model for population density and deprivation.
c Population density and deprivation are adjusted for paternal age at birth,

family income, maternal educational level, paternal educational level, any
psychosis or bipolar disorder in parents, and parent(s) born outside Sweden.

d Adjusted for the variables in the above multivariable model and IQ. This model

was then run again with interaction terms for population density and IQ and
for deprivation and IQ.

e Units are number of people per square kilometer, and unit change is per 1 SD
(3863.97 people per square kilometer).

f Units are based on the deprivation index, and unit change is per 1 SD
(1.96 points).

g Units are based on the Wechsler Adult Intelligence Scale score, and unit
change is per 1 SD (15 points).

Table 2. Baseline Characteristics of the Sample Used for Analyses
According to Categories of Socioeconomic Deprivationa

Characteristic

Socioeconomic Deprivation Categoryb

Low
(n = 113 659)

Low to Medium
(n = 57 293)

Medium to High
(n = 34 137)

High
(n = 22 340)

Nonaffective psychosis, No. (%) 715 (0.6) 373 (0.7) 266 (0.8) 242 (1.1)

IQ score, mean (SD) 101.35 (15.10) 99.77 (15.21) 98.30 (15.40) 95.92 (15.36)

Most urban population density category,
No. (%)

10 008 (8.8) 9038 (15.8) 6255 (18.3) 9363 (41.9)

Maternal educational level ≤9 y, No. (%) 2297 (2.0) 1581 (2.8) 1155 (3.4) 1872 (8.4)

Paternal educational level ≤9 y, No. (%) 6369 (5.6) 4261 (7.4) 2616 (7.7) 2181 (9.8)

Lowest family income quintile, No. (%) 2215 (1.9) 1591 (2.8) 1064 (3.1) 1030 (4.6)

History of any psychosis in
either parent, No. (%)

2708 (2.4) 1575 (2.7) 1119 (3.3) 993 (4.4)

Parent(s) migrated into Sweden,
No. (%)

12 318 (10.8) 6463 (11.3) 5117 (15.0) 7440 (33.3)

Mother age at birth, mean (SD), y 29.22 (4.85) 28.24 (4.95) 27.58 (5.06) 26.62 (5.13)

Father age at birth, mean (SD), y 31.89 (5.52) 31.14 (5.70) 31.58 (5.89) 29.75 (6.11)

a Includes participants with no
missing data (n = 227 429).

b Units are based on the deprivation
index. Categories were created
using the deprivation scores in the
entire Swedish population: −4.2 to
−0.3 (minimum to median; low);
−0.4 to 0.9 (median to 75th centile;
low to medium); 1.0 to 2.5 (75th to
90th centile; medium to high); and
2.6 to 34.2 (90th centile to
maximum; high). The P values for
categorical variables are calculated
from χ2 tests; for continuous
variables, the global P values are
calculated from linear regressions
with deprivation the exposure.
P < .001 for all comparisons.
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deprivation on nonaffective psychosis was 1.08 (95% CI, 1.03-
1.13), constituting a natural indirect effect of 1.02 (95% CI, 1.01-
1.02) and a natural direct effect of 1.06 (95% CI, 1.01-1.11)
(Table 5). This was equivalent to 23% (95% CI, 17%-49%) of the
total effect of deprivation on nonaffective psychosis being
attributable to changes in IQ, if associations were causal.

In sensitivity analyses excluding those diagnosed within
2 years of conscription (n = 142) (eTables 2 and 10 in the Supple-
ment) or additionally adjusting for paternal IQ (144 576 [64.0%
of analytic sample]) (eTable 3 in the Supplement), effect esti-
mates for associations of population density, deprivation, and
IQ with nonaffective psychosis were unaltered (eTable 2 in the
Supplement). The association between deprivation and IQ re-
duced from −0.70 (95% CI, −0.78 to −0.62; P < .001) to −0.28
(95% CI, −0.36 to −0.20; P < .001) after adjustment for pater-
nal IQ (path A, eFigure 3 and eTable 4 in the Supplement). In
the multiply imputed sample, this association after adjusting
for paternal IQ was −0.44 (95% CI, −0.52 to −0.36; P < .001)
(eTable 5 in the Supplement). In mediation analyses adjusted
for paternal IQ, estimates were 1.08 (95% CI, 1.01-1.15) for total
effects, 1.01 (95% CI, 1.01-1.01) for indirect effects, and 1.07
(95% CI, 1.01-1.15) for direct effects. This equated to 9%
(95% CI, 7%-35%) mediation.

Multiple imputation analyses used a sample of 282 232
(99.5% of those eligible) (eFigure 2 in the Supplement), ex-
cluding 1357 men missing SAMS at birth, required for multi-
level models. Multiply imputed estimates were unaltered
(eTables 6 and 7 in the Supplement). Multiply imputed analy-
ses adjusted for paternal IQ were also similar (eTable 11 in the
Supplement).

Discussion
Main Findings
In this large, prospective cohort of Swedish men, we demon-
strate for the first time, to our knowledge, that as much as 23%
of the risk of nonaffective psychosis associated with depriva-
tion at birth could be attributable to indirect effects on cogni-
tion, measured by IQ at 18 years of age, if these associations are
causal. We found no evidence that population density at birth
was associated with IQ, and therefore no evidence of media-
tion in this pathway. Population density, as with deprivation and
consistent with earlier studies,1-6 was independently associ-
ated with risk of nonaffective psychosis in adulthood. We found
no evidence that IQ modified these associations.

Table 5. Univariable and Multivariable Mediation Analyses of the Association Between Population Density/Deprivation at Birth
and Risk of Nonaffective Psychosis by IQ at 18 Years of Agea

Pathways and Mediation Effects

Unadjusted Model Fully Adjusted Modelb

Effect Estimate (95% CI) P Value Effect Estimate (95% CI) P Value
Deprivation

Path A (exposure-mediator)c −1.58 (−1.68 to −1.48) <.001 −0.70 (−0.78 to −0.62) <.001

Path B (mediator-outcome)d 0.71 (0.68 to 0.75) <.001 0.70 (0.67 to 0.74) <.001

Path C (exposure-outcome)e 1.18 (1.12 to 1.23) <.001 1.07 (1.02 to 1.13) .005

Mediation model

Total effect 1.19 (1.14 to 1.23) <.001 1.08 (1.03 to 1.13) .001

Natural direct effect 1.14 (1.10 to 1.19) <.001 1.06 (1.01 to 1.11) .01

Natural indirect effect 1.04 (1.03 to 1.04) <.001 1.02 (1.01 to 1.02) <.001

Mediation by IQ, % 22 (21 to 25) NA 23 (17 to 49) NA

Abbreviation: NA, not applicable.
a Includes participants with no missing data (n = 227 429).
b Adjusted for paternal age at birth, family income, maternal educational level,

paternal educational level, any psychosis or bipolar disorder in parents, and
parent(s) born outside of Sweden.

c Indicates change in IQ Score at 18 years of age, per SD increase in deprivation

at birth.
d Indicates odds of nonaffective psychosis, per SD increase in IQ at 18 years

of age.
e Indicates odds of nonaffective psychosis, per SD increase in deprivation

at birth.

Table 4. Univariable and Multivariable Change in IQ Score According to Population Density and Deprivationa

Exposure Variable

IQ Score (n = 227 429)

Unadjustedb Bivariablec Fully Adjustedd

Change in IQ Score (95% CI) P Value Change in IQ Score (95% CI) P Value Change in IQ Score (95% CI) P Value
Population densitye 0.15 (0.03 to 0.26) .01 0.61 (0.50 to 0.72) <.001 0.06 (−0.02 to 0.14) .18

Deprivationf −1.58 (−1.68 to −1.48) <.001 −1.72 (−1.82 to −1.62) <.001 −0.70 (−0.78 to −0.62) <.001
a See path A of mediation model, eFigure 3 in the Supplement.
b Indicates separate univariable models for population density and deprivation.
c Indicates bivariable model for population density and deprivation.
d Population density and deprivation are adjusted for paternal age at birth,

family income, maternal educational level, paternal educational level, any

psychosis or bipolar disorder in parents, and parent(s) born outside Sweden.
e Units are number of people per square kilometer, and unit change is per 1 SD

(3863.97 people per square kilometer).
f Units are based on the deprivation index, and unit change is per 1 SD

(1.96 points).
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Comparison With Previous Studies
Our finding that deprivation at birth was associated with lower
IQ later in development is consistent with a previous UK twin
study.21 That study found a larger effect size, reasons for which
are unclear, although differences in deprivation measurement
and context may contribute. Inequalities in schooling and other
social factors may be smaller in Sweden than in the United King-
dom. If our results generalize to more deprived contexts, the
proportion of nonaffective psychosis mediated by IQ may be
greater. The absence of effect modification between popula-
tion density at birth or deprivation and IQ on nonaffective psy-
chosis suggests that exposure to worse social environments in
early life has a similar association with nonaffective psychosis
risk for all people independent of IQ, and from this perspec-
tive our results do not support theories of cognitive reserve or
neural resilience.17,26 These theories suggest that people with
higher IQ respond better to social adversity compared with
people of lower IQ.17,26

Potential Mechanisms
Being born and raised in a more deprived area might contrib-
ute to lower IQ in several ways. Children raised in more de-
prived areas could experience fewer opportunities and re-
sources for cognitive engagement and learning,21 affecting the
quality and duration of education. Strong evidence suggests
that educational level is causally related to higher IQ. Quality
of education might also influence IQ, although more re-
search is needed.33 Deprivation could also affect cognitive de-
velopment via increased exposure to obstetric complica-
tions, poorer nutrition, infections in early life,24 or increased
exposure to substance misuse (eg, cannabis); these factors have
been associated with psychosis risk.24,34 Future studies should
investigate whether these factors also mediate causal path-
ways between deprivation and nonaffective psychosis. Fu-
ture studies could also disaggregate the composite depriva-
tion measure to investigate which components are most
strongly associated nonaffective psychosis.

The association between population density and psycho-
sis was independent of deprivation and IQ, suggesting that
these factors do not cause urban-rural differences in psycho-
sis incidence. Given the presence of unmediated direct ef-
fects between population density/deprivation at birth and sub-
sequent risk of nonaffective psychosis in our data, we believe
that other mechanisms must operate. Our finding that IQ does
not mediate associations between population density and non-
affective psychosis suggests that other mechanisms must be
implicated. Social stress paradigms may be relevant,35 poten-
tially via disruption to neurobiological pathways, including the
dopaminergic system, as apparent in animal and human
studies.16 If birth and upbringing in more deprived or densely
populated environments expose people to more stimuli re-
quiring threat monitoring, this may result in paranoid attri-
butional styles or other psychotic phenomena.36,37

Strengths and Limitations
Our study used a large prospective cohort, linked to reliable reg-
ister data on small area characteristics at birth and IQ, along with
valid diagnoses of nonaffective psychosis. We included all cases

from inpatient and outpatient settings in Sweden from 2000
through 2016. Studies using inpatient data alone may have sub-
stantial underascertainment.38 Although we might have missed
some men presenting as outpatients from 2001 through 2005
when coverage was incomplete,28 we do not believe that this
will have appreciably altered our interpretations.

Sensitivity analyses using multiple imputation for miss-
ing data did not alter our findings. Given this, it seems un-
likely that results from mediation analyses, for which we could
not run multiple imputation, would have been altered. We used
multilevel models to investigate main effects and effect modi-
fication, but these are also not yet widely available for causal
mediation analysis.39 Our sample was broadly representative
of men born in Sweden during our inclusion period, because
few men were exempt from conscription at this time.40 Our
findings may not generalize to women, although previous stud-
ies find no evidence that associations of population density5,6

or IQ17 with nonaffective psychosis vary by sex. Excluding
individuals who developed nonaffective psychosis before 19
years of age may also have affected generalizability.

Our use of the potential outcomes approach for media-
tion makes the strong assumption41 that those with and with-
out exposure or mediators are substitutable, conditioned on
confounders. We adjusted for several potential familial, pa-
rental, and demographic confounders. Nonetheless, we can-
not exclude the possibility that genetic or environmental fac-
tors influenced selection into more densely populated or
deprived areas.10,13 If these factors also influenced cognition
and later risk of nonaffective psychosis, this might have led to
unobserved confounding.13,42,43

We were unable to adjust for common mental health prob-
lems before conscription, such as depression and anxiety,
which might have confounded associations between IQ and
nonaffective psychosis. We excluded people with psychosis be-
fore conscription. Our sensitivity analysis excluding partici-
pants diagnosed with nonaffective psychosis within 2 years
after conscription would also partially control for this. Fur-
thermore, studies have identified cognitive development in
childhood, when depression and anxiety are rare and un-
likely to confound, as a risk factor for later nonaffective
psychosis.6 Data on cannabis use are also unavailable in the
Swedish registries. Cannabis use might have confounded the
association between IQ and nonaffective psychosis.

We were unable to adjust for maternal IQ (women were not
conscripted during the relevant time period). We will have par-
tially controlled for maternal IQ by adjusting for maternal edu-
cational level, given the strong association between paternal
IQ and paternal educational level. We would also expect ma-
ternal IQ to be correlated with paternal IQ, which we con-
trolled for in our analyses.

Some evidence suggested that paternal IQ partially con-
founded the association between deprivation and partici-
pant IQ, although the association remained present and sta-
tistically strong. Including paternal IQ also led to a substantially
smaller sample (given missing data), making it difficult to dif-
ferentiate among confounding, bias, and lower power. How-
ever, the confounding effect of paternal IQ highlights the im-
portance of adjusting for confounders of the exposure and
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mediator in mediation analyses. There was no evidence that
paternal IQ confounded the association between deprivation
and nonaffective psychosis. Because adjustment for paternal
IQ did not affect the exposure-outcome association, this im-
plies that selection via this mechanism is unlikely. However,
we interpret this cautiously, acknowledging other potential se-
lection factors that may not travel via paternal IQ.

Evidence of familial confounding is equivocal. Current
polygenic risk scores for schizophrenia appear to be associ-
ated with living in more densely populated environments in
adulthood8 and perhaps adolescence9 but not at birth.5,9 By
contrast, they have been consistently associated with depri-
vation at birth5 and in adulthood8 in the limited studies on this
issue. Such genetic data are not available in Swedish regis-
tries for psychotic disorders, and polygenic risk scores cap-
ture a small amount of genetic variance; our adjustment for
parental severe mental illness, and in sensitivity analyses, pa-
ternal IQ, is a strength.

While we acknowledge that odds ratios were small, the
population level effect is potentially large. We estimated a

population attributable fraction of 31% for deprivation. This
is a considerable proportion and represents an important
finding when the complexity of effect sizes is appropriately
considered. In addition, we did not consider possible time-
varying effects of the exposures on later psychosis risk, choos-
ing to measure these exposures at birth, before prodromal
effects could have biased our results.

Conclusions
If replicated, our discoveries have the potential to elucidate
causal pathways (neurodevelopmental, social, and biologi-
cal) through which deprivation affects different cogni-
tive domains involved in the onset of psychotic disorder.
This research could provide new targets for intervention,
particularly in deprived communities where strategies to
promote cognitive development in children and young
people could reduce the disproportionate burden of nonaf-
fective psychoses.
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