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Exposure to neurodevelopmental adversity and childhood
trauma are both independently associated with psychosis.
However, there is little research on the mechanism un-
derlying their relationship with each other. The current
study investigated both the independent and joint effects
of neurodevelopmental adversity and childhood trauma
to better understand the etiology of psychosis. A large
population-based cohort (N = 3514) followed from birth
was assessed on psychotic experiences (PE) at 24 years.
Neurodevelopmental adversity included obstetric compli-
cations (birth weight, gestational age, in-utero influenza
exposure, resuscitation) and developmental impairment
(cognitive and motor impairments). Trauma exposure in-
cluded caregiver and peer inflicted trauma up to 17 years.
Multiple regression models tested their independent and
interactive effect on PE, and path analysis estimated the
indirect effect of neurodevelopmental adversity on PE
via trauma. Neurodevelopmental adversity (OR = 1.32,
95%CI:1.08-1.62) and trauma (OR =1.97,95%CI: 1.65-
2.36) independently increased the odds of PE. There was
also an indirect relationship between neurodevelopmental
adversity and PE via increased exposure to childhood
trauma (f = 0.01, 95%CI: 0.004-0.024). In particular,
peer bullying mediated the association between develop-
mental impairment to PE (§ = 0.02, 95%CI: 0.01-0.03).
In conclusion, children with neurodevelopmental adver-
sity, in particular those with developmental impairment,
are more likely to be exposed to trauma. This new eti-
ological understanding of psychosis suggests that PE
may be partially modifiable through reducing exposure to
peer bullying, especially in children with developmental
impairment.
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Introduction

A range of factors have been associated with the devel-
opment of psychosis, including neurodevelopmental
(eg, obstetric complications, premature birth), trauma
(eg, bullying), and genetic risks.! Some of these factors
have been grouped into meaningful frameworks based on
theoretical models to explain the etiology of psychosis.
These models include the Neurodevelopmental model
(NM) and the Trauma model (TM),>* 2 of the most
widely cited models of psychosis. However, more recently
it has been recognized that these models are not mutu-
ally exclusive, and the Developmental Risk Factor Model
(DRFM) was proposed, which emphasizes the joint ef-
fects of neurodevelopmental and trauma-related factors.*
It remains unclear what the relative contribution of these
factors are and how they may work together in their asso-
ciation with psychosis.

Both neurodevelopmental and trauma-related fac-
tors have been implicated in the etiology of psychosis.
Brain insults that occur during early development from
neurodevelopmental adversity can alter the formation
and activity of neural circuits.® Brain abnormalities have
been identified in patients with schizophrenia,® and ob-
stetric complications and birth-related factors, such
as perinatal infections, premature birth, and low birth
weight have all been associated with increased risk of
psychosis.”” Exposure to these early adversities may also
lead to cognitive and motor impairments in childhood.!?

© The Author(s) 2020. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Page 1 of 9

020Z Jaquiaoa( 0g uo Jasn uopuo 8bs)j00 AlsieAiun Aq €650109/772 L BLAS/INQUIS/SE0 L "0 | /I0p/aonie-aoueApe/una|ingelusalydoziyos/woo dno oliwapeose//:sdiy Woll papeojumo(]


http://creativecommons.org/licenses/by/4.0/
mailto:D.Wolke@warwick.ac.uk?subject=

Y. Liu et al

These are often considered as neurological soft signs of
psychosis and have been reported to precede the onset of
psychosis.!!

Childhood trauma has also been consistently associated
with psychosis.!? One putative mechanism is the theory of
social defeat, where prolonged exposure to victimization
may lead to hostile interpretations of social situations
and the intention of others.!> Some recent meta-analyses
have shown a 2 to 4 times increased risk of psychosis fol-
lowing exposure to any childhood trauma, whether from
caregivers (eg, abuse) or peers (eg, bullying)'*!> There is
also evidence of a cumulative effect, with greater risk as-
sociated with increased level/dose of exposure to trauma
that persists even when adjusted for genetic risk.'®

More recently, authors have described how mul-
tiple risk factors could impact on a common biological
pathway that could lead to psychosis.*!” As proposed by
the DRFM, early neurodevelopmental adversity may
increase children’s likelihood of being exposed to trauma
such as being bullied,'”'® which is associated with risk
of psychosis. Bullies tend to pick on children with lower
cognitive skills and poorer physical health, such as those
born prematurely.’ However, the model has 2 different
interpretations: children with neurodevelopmental ad-
versity may be more vulnerable to the effects of trauma
(moderation effect), or they may simply be more fre-
quently exposed to trauma (mediation effect). It could
also be a combination of both, and there has been little
research examining the mechanism between these risk
factors. A previous study found that children at high risk
of neurodevelopmental adversity were more frequently
exposed to peer bullying, but were not more vulnerable to
the effects, providing some evidence that there may be a
mediated pathway from neurodevelopmental adversity to
psychosis via trauma.'®

Other risk factors have also been associated with psy-
chosis, including family adversity and genetic risk.! Both
common and rare genetic variants have been associated
with higher risk of schizophrenia,” and there is some
evidence that genetic risk is much greater in people who
also had obstetric complications, suggesting that some
risk factors act by increasing the likelihood of environ-
mental risks in later life.?! Family adversity can also be
considered as a risk factor for neurodevelopmental ad-
versity for the child, and maternal psychosocial stress has
been associated with neurodevelopmental disorders such
as attention deficit hyperactivity disorder.? It is therefore
important to account for the role of these risk factors
when investigating pathways from neurodevelopmental
adversity and trauma to psychosis.

The aim of this prospective longitudinal study from
pregnancy to 24 years was to examine the relative con-
tribution of exposure to neurodevelopmental adversity
and childhood trauma to the etiology of psychotic ex-
periences (PE). PE are on the psychosis continuum,*
and are more prevalent in the population compared
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to psychotic disorders, which normally requires large
sample size to investigate associations. Only one study
to our knowledge has investigated this and found a me-
diated effect of neurodevelopmental adversity on PE
via increased exposure to peer bullying.'® However, the
small sample size in (N = 184-399) may have introduced
sparse data bias. Preterm birth was also the only proxy
for neurodevelopmental adversity; therefore, further re-
search is necessary by using a larger population-based co-
hort to examine the mechanism underlying the pathway
from neurodevelopmental adversity and trauma to PE.
First, we examined the direct and independent effects
of neurodevelopmental adversity and trauma on PE.
Secondly, we investigated their joint effects and the indi-
rect pathway from neurodevelopmental adversity to PE
via trauma.

Methods

Sample

The ALSPAC cohort is a prospective population study of
14 062 children born to women who resided in the region
of Avon, Southwest of UK with expected delivery dates
between April 1, 1991 and December 31, 1992. The ini-
tial number of pregnancies enrolled is 14 541, combined
with enrollment from later phases, the total sample con-
sisted of 13 998 who were alive at 1 year of age. Detailed
description of the sample has been reported previously.?+2
The study website contains details of all the data that is
available through a fully searchable data dictionary and
variable search tool (http://www.bristol.ac.uk/alspac/re-
searchers/our-data/). Further phases of recruitment oc-
curred at up to 7, 18, and 24 years; however, only data from
the core sample are used in this analysis. In total, 3514 par-
ticipants completed assessment on PE at 24 years. Ethical
approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics
Committees. Informed consent for the use of data collected
via questionnaires and clinics was obtained from parti-
cipants following the recommendations of the ALSPAC
Ethics and Law Committee at the time.

Measures

Psychotic Experiences. PE was assessed at 24 years using
the semi-structured Psychosis-Like Symptom Interview,
which included 12 core questions eliciting key PEs: hallu-
cinations (visual and auditory), delusions (spied on, per-
secution, thoughts read, reference, control, grandiosity,
and other), and thought interference (broadcasting, in-
sertion, and withdrawal).?”-?® Each question started with
a structured stem question asking if the participant had
ever had that experience. Participants answering “yes” or
“maybe” were cross-questioned to establish whether the
experience was psychotic. Coding of PE followed glos-
sary definitions and rating rules for the SCAN (Schedules
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for Clinical Assessment in Neuropsychiatry). Interviewers
rated PEs as not present, suspected, or definitely present.
Unclear responses were rated down and only marked as
definite when an example met SCAN rating rules. Data
was collected and managed using REDCap electronic
data capture tools (https://projectredcap.org/resources/
citations/). Very good inter-rater and test-retest reliability
(kappa = 0.81 and 0.90, respectively) were found similar
to previous PE assessments at 12 and 18 years.””? In this
study, PE were dichotomized into none experienced vs
any suspected or definite experience present in the past
6 months.

Neurodevelopmental Adversity. Neurodevelopmental ad-
versity was derived from a combination of 6 variables,
4 indicating obstetric complications (birth weight, ges-
tational age, influenza exposure during pregnancy, re-
suscitation at birth), and 2 indicating developmental
impairment (IQ and motor impairments). Birth weight
was coded as a categorical variable with those either
below 2500 grams (low birth weight) or above (normal
birth weight). Gestational age was also coded as a cat-
egorical variable with those either born below 37 weeks
(preterm group) or above (term group). Influenza expo-
sure at any point during pregnancy was obtained from
self-reported questionnaires completed by mothers at 18
and 32 weeks of pregnancy and coded as either exposed
or not exposed. Resuscitation at birth (via any method)
was retrieved from computerized obstetric and neonatal
records, coded as either received or not received.

1Q was assessed at age 8 using the short version of the
Wechsler Intelligence Scale for Children 3rd UK edition
(WISC-III*). It was dichotomized so those who scored
greater than 1 SD below the mean were classified as
having cognitive impairment. Motor skills were also as-
sessed at 8 years using the Movement Assessment Battery
for Children (M-ABC?!), which measured motor perfor-
mance across 4 different tasks. A final score averaging
performances across these tasks was computed for par-
ticipants who completed all 4 tasks. Those who scored
below 15th percentile of the sample were classified as
having motor impairment.

Severity of exposure to any neurodevelopmental adver-
sity (any of the 6 variables indicating obstetric complica-
tions or developmental impairments) was derived using
the following categories: (1) no exposure, (2) 1 exposure,
(3) 2 or more exposures. Further sensitivity analysis exam-
ined exposure to any indicators for obstetric complica-
tions (N = 4) separately from developmental impairment
(N = 2); both were coded as either exposed or not exposed.
Trauma. Trauma variables were derived from 121 ques-
tions about the frequency and severity of traumatic events
up to 17 years of age and has been described previously in
detail.'s All trauma measures up to 5 years were reported
by parents, a mixture of parent and self-report were
used from 5 to 11 years, and predominantly child report

Biological and Childhood Risk Factors of Psychosis

from 11 to 17 years. Briefly, 5 traumas were considered:
physical abuse (physically hurt by caregivers), emotional
abuse (saying hurtful things), sexual abuse (any adult or
older child forcing or attempting to force participant into
sexual activity), emotional neglect (how often caregivers
take an interest in aspects of participants’ lives)—all
perpetrated by adults, and peer bullying (name-calling,
blackmail, assault). Domestic violence was also assessed
but not included as the focus is on directly experienced
abuse rather than witnessing abuse.

Severity of exposure to trauma was derived using the
following categories: (1) no exposure, (2) exposure to
1 trauma, (3) exposure to 2 or more trauma. Specific
trauma exposure was also tested in a sensitivity anal-
ysis to investigate their independent and joint effect with
neurodevelopmental exposure on PE.

Confounding Variables. We examined a range of poten-
tial confounders. Sex of participants (male or female)
was recorded at birth; family history of schizophrenia
was assessed via questionnaires sent to both mothers and
their partners during pregnancy (or 4 mo post-delivery if
mothers were enrolled after 30 wk gestation), and coded
as present if either the mother or partner reported a diag-
nosis. Polygenic risk scores for schizophrenia and bipolar
disorder were derived from genome-wide association
study (GWAS) using SNPs associated with these out-
comes in the discovery sample at p thresholds of 0.05.%
Family Adversity Index (short version) during pregnancy
consisted of 15 items including maternal age, housing,
and financial difficulties, education and marital status,
maternal psychopathology, substance use, and crime.?® It
is a cumulative index developed in the ALSPAC based
on Rutter’s indicators of adversity.** Scores ranged from
0 to 15 and were categorized into (1) no adversity (score
0), (2) few adversities (score 1 to 2), and (3) many adver-
sities (score 3 or more). Maternal smoking was assessed
via questionnaires during pregnancy and coded as either
never smoked or smoked any cigarettes, and maternal age
was recorded at delivery.

Statistical Analysis

Primary Analysis. Analyses were conducted using R
version 3.6.3. The independent and direct effects of
neurodevelopmental adversity and trauma on PE were as-
sessed in multiple logistic regression models, controlling
for all confounders and the addition of a multiplicative
interaction term. Both variables were coded as an or-
dered variable with 3 levels (no exposure, 1 exposure, 2 or
more exposures) with linear terms. Path analysis was used
to examine the indirect effect of neurodevelopmental ad-
versity on PE via increased exposure to trauma, adjusting
for the same confounders as above. The “lavaan” package
was used in R and the package “semTools” was used to
handle missing data using multiple imputation.
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Sensitivity Analysis

A sensitivity analysis was carried out to first investi-
gate obstetric complications separately from develop-
mental impairment; path analysis was used to estimate
their indirect effects on PE via any trauma exposure. In
a further step, possible indirect pathways from obstetric
complications and developmental impairment via each
type of trauma (physical abuse, emotional abuse, sexual
abuse, emotional neglect, bullying) were also modeled
using path analysis. The same packages “lavaan” and
“semTools” were used.

Missing Data

The amount of missing data in predictors and confounders
ranged from 0.2% to 26.9%. We used multiple imput-
ations by chained equations with 40 iterations in R, this
was used for both multiple logistic regression models
(“mice” library) as well as for path analysis (“semTools”
library). Data were imputed for all exposure and con-
founding variables but not for outcome measure of PE
(total N = 3514). Complete case-analyses are shown in
supplementary materials.

Table 1. Sample Characteristics

Results

Sample Characteristics

Descriptive statistics for the sample are shown in table 1.
There were more females (62.2%) than males. Around half
(54%) had no exposure to neurodevelopmental adversity,
13.5% had 2 or more exposures to neurodevelopmental
adversity, and 23.2% were exposed to 2 or more trauma
types up to 17 years. The most frequently reported
traumas were bullying (29.2%), physical abuse (20.9%),
and emotional abuse (20.5%). The prevalence of PE at
24 years was 12.6%.

Primary Analysis

Direct and Moderated Effect. Pooled results from logistic
regression model after multiple imputation are shown in
table 2. Both exposure to neurodevelopmental adversity
and trauma were associated with increased risk of PE in
adulthood, even after adjusting for each other and other
confounders. Increased exposure to trauma was associ-
ated with the largest risk (1.97 odds) of experiencing PE
at 24 years. We did not find evidence for an interaction

n %
Exposure to any neurodevelopmental adversity (/V = 3514) 1 exposure 1143 32.5
2 or more exposures 475 13.5
Obstetric complications Exposed 1173 334
Birth weight (N = 3470) <2500 g 117 3.4
Gestational age (N = 3514) <37 wk 139 4.0
Influenza exposure during pregnancy (N = 3409) Exposed 566 16.6
Resuscitation (N = 2139)* Resuscitated 622 29.1
Developmental impairment Exposed 708 22.5
1Q (N =2917) <l SD 479 16.4
Motor skills (N =2571) <l15th percentile 315 12.3
Any trauma exposure (/N = 3507) 1 trauma 1067 30.4
2 or more trauma 814 23.2
Physical abuse (N = 3504 ) Exposed 731 20.9
Emotional abuse (N = 3504) Exposed 718 20.5
Sexual abuse (N = 3469) Exposed 354 10.2
Bullying (N = 3427) Exposed 999 29.2
Emotional neglect (N = 3386) Exposed 229 6.8
Psychotic experiences (/V = 3514) Any suspected/definite 443 12.6
Confounders
Sex (N = 3514) Female 2187 62.2
Family Adversity Index (V = 3478) 1-2 1355 39.0
More than 3 271 7.8
Maternal smoking during pregnancy (N = 3232) Yes 388 12.0
Family history of schizophrenia (N = 2617) Yes (either mother or father) 11 0.4
Mean SD
Maternal age at birth (N = 3514) 29.45 4.58
Standardized genetic risk score (schizophrenia; N = 2567) -0.08 1.01
Standardized genetic risk score (bipolar; N = 2631) 0.02 0.99

Note: *Resuscitation includes any resuscitation methods used: bag & mask/oxygen, cardiac massage, facial oxygen, intubation, intermit-
tent positive-pressure ventilation with intubation, mouth to mouth & nose, ventilation not otherwise specified, and any other methods.
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Table 2. Logistic Regression Models Showing the Effects of Neurodevelopmental Adversity and Trauma on PE (N = 3514)

Suspected or Definite PE

Unadjusted Adjusted® Adjusted With Interaction®

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value
Any neurodevelopmental adversity 1.41 1.16-1.72 001 1.32 1.08-1.62 .006 .32 1.08-1.62 008
Any trauma 207 1.74-247 <.001 1.97  1.65-2.36  <.001 2.02  1.66-2.46 <.001
Any neurodevelopmental adversity X - - - - - - .11 0.79-1.57 544

any trauma

Note: *Adjusted for each other as well as confounders: sex, maternal age, maternal smoking, genetic risk score for schizophrenia and bi-
polar, family history of schizophrenia, and family adversity. Significant confounder: maternal smoking.
®Adjusted for each other as well as confounders, with interaction term added.

Table 3. Standardized Path Estimates Showing the Direct and
Indirect Paths From Neurodevelopmental Adversity to PE Via
Trauma (N = 3514)

Standardized
Estimates 95% CI P-value
PEat24y~
Neurodevelopmental  0.065 0.009-0.121 .022
adversity
Trauma 0.228 0.167-0.290 <.001
Trauma (up to 17 y) ~
Neurodevelopmental — 0.061 0.020-0.102 .003
adversity
Indirect effect
Neurodevelopmental — 0.014 0.004-0.024 007
adversity — Trauma
— PE
Total effect 0.079 0.023-0.136 .006

Note: *All paths adjusted for confounders: sex, maternal age, ma-
ternal smoking, genetic risk score for schizophrenia and bipolar,
family history of schizophrenia, and family adversity. Signifi-
cant confounders on PE at 24 y: maternal smoking; significant
confounders on trauma up to 17 y: maternal smoking, FAI, and
genetic risk score for schizophrenia.

between exposure to neurodevelopmental adversity and
trauma in association with PE (table 2).

Indirect Effect. Path analysis found a significant indi-
rect effect of neurodevelopmental adversity on PE via in-
creased exposure to trauma, where trauma mediated the
association between neurodevelopmental adversity and
PE at 24 years (table 3, figure 1). This indirect effect me-
diated 17.3% of the total effect of neurodevelopmental
adversity on PE.

Sensitivity Analysis

When examining specific neurodevelopmental adversity,
only developmental impairment, not obstetric complica-
tions, predicted PE at 24 years, both directly and indirectly
via increased exposure to trauma (supplementary table
S1). When specific trauma was examined and adjusted

for each other, only peer bullying mediated the relation-
ship between developmental impairment and PE (13.9%
of the total effect mediated). Sexual abuse and emotional
abuse both had direct effects on PE, but no indirect path-
ways were found (supplementary table S2, figure 2).

Complete Case Analyses

Both neurodevelopmental adversity and trauma were as-
sociated with increased risk of PE; however, there was
weaker evidence for an indirect pathway. When specific
trauma was examined, an indirect pathway was found
from developmental impairment to PE via peer bullying,
consistent with results after imputation (supplementary
materials).

Discussion

The current study examined the independent and joint
effects of exposure to neurodevelopmental adversity
and childhood trauma to risk of PE in adulthood. Both
were independently associated with PE after adjusting
for confounders, with trauma having a larger effect on
PE than neurodevelopmental adversity. Children ex-
posed to neurodevelopmental adversity were also more
likely to experience trauma, which partly mediated the
relationship between neurodevelopmental adversity and
PE. Under a multiplicative model of risks, those with
exposures to both neurodevelopmental adversity and
trauma were not more vulnerable to risk of PE. Rather,
those with neurodevelopmental adversity experienced
trauma more often, which subsequently increased risk
of PE in adulthood. Further sensitivity analysis found
that it was peer bullying that mediated the relationship
between developmental impairment and PE. No indirect
pathways were found from obstetric complications or via
caregiver-inflicted trauma.

Consistent with previous research, we have shown that
exposure to any neurodevelopmental adversity was asso-
ciated with increased risk of PE in adulthood.” These
early neurodevelopmental factors may result in disruption
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Fig. 1. Indirect effect of neurodevelopmental adversity on PE via increased exposure to trauma.
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Fig. 2. Direct and indirect pathways from developmental impairment and trauma to PE.

to the formation of neural networks, as well as altered
inflammatory responses that have been found in people
with schizophrenia.® Furthermore, they may manifest
in childhood as cognitive and motor impairments, which
have been found to precede the onset of psychosis.!
However, in a sensitivity analysis, only developmental
impairment increased risk of PE when adjusted for all
confounders, suggesting that those born with obstetric
complications but not developmentally impaired were
not at increased risk of PE. Although caution should be
used when interpreting the lack of findings for obstetric
complications, as maternal influenza exposure was self-
reported, while birth weight and gestational age have re-
ceived mixed findings in the literature with small effect
sizes reported.’

The association between childhood trauma and PE
is also consistent with previous research.!>!® Further in-
vestigation found that evidence of association with PE
was strongest for emotional abuse, sexual abuse, and
peer bullying when adjusted for all other trauma types.
Emotional and sexual abuse have been frequently re-
ported in the literature as risk factors for psychotic
symptoms and disorders.*® No association was found for
physical abuse after controlling for all other trauma types
and confounders; similar findings have been reported pre-
viously.*¥” Emotional neglect showed no direct effect on
PE over and above other indicators of trauma, consistent
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with the literature that neglect may be a risk factor for
general psychopathology rather than psychosis.**3#

The association between peer bullying and PE also rep-
licate findings from previous research.!*!® Bullying can
lead to feelings of social defeat as well as negative evalu-
ations of the self and others, which can increase hostile
interpretations of ambiguous events.!* Furthermore, only
peer bullying mediated the association between develop-
mental impairment and PE. Bullying can be seen as a
strategic way of asserting social dominance, and bullies
tend to pick on those who are seen as vulnerable such as
those with poorer cognitive and motor abilities,' which
may explain why those with developmental impairment
were more likely to be bullied. This shows the importance
of assessing bullying—an area often neglected in assess-
ment of childhood trauma—especially among high-risk
groups such as those with developmental impairment.

When testing the mechanism underlying the pathway from
neurodevelopmental adversity and childhood trauma to PE,
we found an indirect pathway from neurodevelopmental ad-
versity to PE via increased exposure to childhood trauma.
Further investigation revealed that the indirect pathway
was from developmental impairment via peer rather than
caregiver inflicted trauma, suggesting bullies may be more
reactive in picking up behavioral impairments resulting
from neurodevelopmental adversity. These findings are con-
sistent with a previous study which showed that those born
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preterm or with low birth weight—as a proxy measure of
neurodevelopmental adversity—were more often exposed
to peer bullying, which was associated with risk of PE in
adulthood.”® Tt suggests a cascade model of psychopa-
thology where early developmental risk may lead to further
adversity along the developmental pathway, cumulating in
psychopathology.

Strengths and Limitations

The current study tested the relative contribution of
2 main risk factors of psychosis and included compre-
hensive measures of neurodevelopmental adversity and
childhood trauma to allow for rigorous testing of the re-
lationship between them. The inclusion of a sensitivity
analysis also allowed for detailed investigation on the
specificity of the association between neurodevelopmental
adversity and trauma on PE. Secondly, this study used
a large, population-based birth cohort with 24 years of
follow-up, with the inclusion of a number of impor-
tant confounders, including genetic risks. This allowed
the demonstration of a temporal relationship between
neurodevelopmental adversity, trauma and PE by using
prospectively measured variables, consistent with find-
ings from previous prospective studies.'®

There are also limitations; first, loss to follow-up is inev-
itable over a 24-year period, and the percentage of missing
data in predictor and confounding variables ranged from
0.2% to 26.9%. However, previous research simulating the
effects of selective dropout in longitudinal studies found
that it may not reduce the validity of predicting out-
comes,*” and multiple imputation was also used to reduce
bias. Results from complete case analysis showed weaker
evidence for an indirect effect from neurodevelopmental
adversity to PE via any trauma. This could be due to a
lack of statistical power as some covariates had large
proportion of missing data, leading to a largely reduced
sample size in the adjusted analysis. Despite this, an indi-
rect effect was still found from developmental impairment
to PE via peer bullying both before and after imputation,
offering strong support for the role of peer bullying even
in a much smaller sample size. Second, we tested for the
moderated and mediated effects of neurodevelopmental
adversity and trauma in 2 separate models, thus caution
is needed when interpreting the lack of interaction found
between these factors. Third, exposure to specific trauma
types were coded as binary mediators, and misclassifica-
tion of the dichotomous mediators may lead to downward
bias and underestimation of the indirect effect.*® This may
lead to some estimation errors, especially in terms of the
proportion mediated by the mediator.

Conclusion

When testing the relative contribution of exposure to
neurodevelopmental adversity and childhood trauma to

Biological and Childhood Risk Factors of Psychosis

PE, we found that both were independently associated
with PE, even after adjusting for socio-demographic and
genetic risks. We further found that children exposed
to neurodevelopmental adversity were more frequently
exposed to trauma, which mediated the relationship
between neurodevelopmental adversity and PE. In par-
ticular, this mediated pathway was found from develop-
mental impairment and via peer bullying. Regardless of
neurodevelopmental adversity, the risk of PE is par-
tially modifiable through reducing childhood trauma.
Furthermore, identifying children with developmental im-
pairment may serve as early warning signs for increasing
difficulties ahead,* such as being more frequently bullied
by peers and subsequently experiencing PE. Interventions
should be focused on assessing and reducing bullying in
the general population, with a special focus on children at
high-risk such as those with developmental impairment.
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Supplementary material is available at Schizophrenia
Bulletin online.

Funding

Data analysis and manuscript writing was funded by a
PhD studentship at University of Warwick. Prof. Zammit
is supported by NIHR Biomedical Research Centre at
University Hospitals Bristol NHS Foundation Trust and
University of Bristol. Prof. Jones was supported by the
NIHR Applied Research Collaboration East of England,
and declare personal fees from Member Scientific
Advisory Board (Janssen and Ricordati) outside the sub-
mitted work. Prof. Cannon is supported by a European
Research Council Consolidator Award (724809, iHEAR),
and Prof. Wolke by European Unions Horizon 2020 re-
search and innovation program (RECAP-preterm) under
grant agreement: 733280 and the NORFACE Network
Dial program (PREMLIFE; grant 462-16-040). Collection
of PE data was supported by Medical Research Council
grant MR/M006727/1; Medical Research Council and
Wellcome Trust (Grant ref: 217065/Z/19/7Z) and the
University of Bristol provide core support for ALSPAC.
GWAS data was generated by Sample Logistics and
Genotyping Facilities at Wellcome Sanger Institute and
LabCorp using support from 23andMe. A comprehen-
sive list of grants is available at http://www.bristol.ac.uk/
alspac/external/documents/grant-acknowledgements.pdf.

Acknowledgments

We are extremely grateful to all the families who took part
in this study, the midwives for their help in recruiting them,
and the whole ALSPAC team, which includes interviewers,
computer and laboratory technicians, clerical workers,

Page 7 of 9

020Z Jaquiaoa( 0g uo Jasn uopuo 8bs)j00 AlsieAiun Aq €650109/772 L BLAS/INQUIS/SE0 L "0 | /I0p/aonie-aoueApe/una|ingelusalydoziyos/woo dno oliwapeose//:sdiy Woll papeojumo(]


http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf
http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf

Y. Liu et al

research scientists, volunteers, managers, receptionists and
nurses. The authors have declared that there are no con-
flicts of interest in relation to the subject of this study. This
publication is the work of the authors and Ms Liu will
serve as guarantor for the contents of this paper.

References
1. McCutcheon RA, Reis Marques T, Howes OD.
Schizophrenia—An Overview. JAMA Psychiatry.

10.

11.

12.

13.

14.

15.

16.

2020;77:201-210. doi:10.1001/jamapsychiatry.2019.3360

. MurrayRM, Lewis SW.Isschizophreniaaneurodevelopmental

disorder? Br Med J ( Clin Res Ed). 1987;295(6600):681-682.

. Read J. Child abuse and psychosis: a literature review and

implications for professional practice. Prof Psychol Res Pr.
1997;28(5):448-456. doi:10.1037/0735-7028.28.5.448

. Murray RM, Fearon P. The developmental “risk factor”

model of schizophrenia. J Psychiatr Res. 1999;33(6):497-499.
doi:10.1016/S0022-3956(99)00032-1

. Murray RM, O’Callaghan E, Castle DJ, Lewis SW. A

neurodevelopmental approach to the classification of schizo-
phrenia. Schizophr Bull. 1992;18(2):319-332.

. DePeri L, Crescini A, Deste G, Fusar-Poli P, Sacchetti E, Vita A.

Brain structural abnormalities at the onset of schizophrenia and
bipolar disorder: a meta-analysis of controlled magnetic reson-
ance imaging studies. Curr Pharm Des. 2012;18(4):486-494.

. Nosarti C, Reichenberg A, Murray RM, et al. Preterm

birth and psychiatric disorders in young adult life. Arch Gen
Psychiatry. 2012;69(6):E1-ES8.

. Thomas K, Harrison G, Zammit S, et al. Association of

measures of fetal and childhood growth with non-clinical
psychotic symptoms in 12-year-olds: the ALSPAC cohort. Br
J Psychiatry. 2009;194(6):521-526.

. Davies C, Segre G, Estrad¢ A, et al. Prenatal and perinatal

risk and protective factors for psychosis: a systematic review
and meta-analysis. Lancet Psychiatry. 2020;7(5):399-410.
Johnson S, Evans TA, Draper ES, et al. Neurodevelopmental
outcomes following late and moderate prematurity: a
population-based cohort study. Arch Dis Child Fetal Neonatal
Ed. 2015;100(4):F301-F308.

Jones P, Rodgers B, Murray R, Marmot M. Child develop-
ment risk factors for adult schizophrenia in the British 1946
birth cohort. Lancet. 1994;344(8934):1398-1402.

DvirY, Denietolis B, Frazier JA. Childhood trauma and psych-
osis. Child Adolesc Psychiatr Clin N Am. 2013;22(4):629-641.
Selten JP, van der Ven E, Rutten BP, Cantor-Graac E. The so-
cial defeat hypothesis of schizophrenia: an update. Schizophr
Bull. 2013;39(6):1180-1186.

van Dam DS, van der Ven E, Velthorst E, Selten JP,
Morgan C, Haan L de. Childhood bullying and the associ-
ation with psychosis in non-clinical and clinical samples: a
review and meta-analysis. Psychol Med. 2012;42(12):2463—
2474. doi:10.1017/S0033291712000360

Varese F, Smeets F, Drukker M, et al. Childhood adversities
increase the risk of psychosis: a meta-analysis of patient-
control, prospective- and cross-sectional cohort studies.
Schizophr Bull. 2012;38(4):661-671.

Croft J, Heron J, Teufel C, et al. Association of trauma
type, age of exposure, and frequency in childhood and
adolescence with psychotic experiences in early adult-
hood. JAMA Psychiatry. 2018;76:79-86. doi:10.1001/
jamapsychiatry.2018.3155

Page 8 of 9

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Murray RM, Bhavsar V, Tripoli G, Howes O. 30 Years on:
how the neurodevelopmental hypothesis of schizophrenia
morphed into the developmental risk factor model of psych-
osis. Schizophr Bull. 2017;43(6):1190-1196.

Liu Y, Mendonca M, Johnson S, et al. Testing the
neurodevelopmental, trauma and developmental risk factor
models of psychosis using a naturalistic experiment. Psychol
Med. 2019;1-10. doi:10.1017/S0033291719003349

Cook CR, Williams KR, Guerra NG, Kim TE, Sadek S.
Predictors of bullying and victimization in childhood and
adolescence: A meta-analytic investigation. Sch Psychol Q.
2010;25(2):65-83. d0i:10.1037/a0020149

Kelleher I, Cannon M. Psychotic-like experiences in the
general population: characterizing a high-risk group for
psychosis. Psychol Med. 2011;41(1):1-6.

Ursini G, Punzi G, Chen Q, et al. Convergence of pla-
centa biology and genetic risk for schizophrenia. Nat Med.
2018;24(6):792-801.

Okano L, Ji Y, Riley AW, Wang X. Maternal psychosocial
stress and children’s ADHD diagnosis: a prospective birth
cohort study. J Psychosom Obst Gynecol. 2019;40:217-225.
https://0-www-tandfonline-com.pugwash.lib.warwick.ac.uk/
doi/abs/10.1080/0167482X.2018.1468434. Accessed July 15,
2020.

van Os J, Linscott RJ, Myin-Germeys I, Delespaul P,
Krabbendam L. A systematic review and meta-analysis of
the a continuum: evidence for a psychosis proneness—persist-
ence—impairment model of psychotic disorder. Psychol Med.
2009;39(02):179. doi:10.1017/S0033291708003814

Boyd A, Golding J, Macleod J, et al. Cohort Profile: The
“Children of the 90s”—the index offspring of the Avon
Longitudinal Study of Parents and Children. Int J Epidemiol.
2013;42(1):111-127. doi:10.1093/ije/dys064

Fraser A, Macdonald-Wallis C, Tilling K, et al. Cohort
Profile: the Avon Longitudinal Study of Parents and
Children: ALSPAC mothers cohort. Int J Epidemiol.
2013;42(1):97-110.

Northstone K, Lewcock M, Groom A, et al. The Avon
Longitudinal Study of Parents and Children (ALSPAC):
an update on the enrolled sample of index children in 2019.
Wellcome Open Res. 2019;4:51.

Sullivan SA, Kounali D, Cannon M, et al. A population-
based cohort study examining the incidence and impact
of psychotic experiences from childhood to adulthood,
and prediction of psychotic disorder. Am J Psychiatry.
2020;177(4):308-317.

Zammit S, Kounali D, Cannon M, et al. Psychotic experiences
and psychotic disorders at age 18 in relation to psychotic ex-
periences at age 12 in a longitudinal population-based cohort
study. Am J Psychiatry. 2013;170(7):742-750. doi:10.1176/
appi.ajp.2013.12060768

Horwood J, Salvi G, Thomas K, et al. IQ and non-clinical
psychotic symptoms in 12-year-olds: results from the
ALSPAC birth cohort. Br J Psychiatry. 2008;193(3):185-191.
Wechsler D, Golombok S, Rust J. Weschler Intelligence Scale
for Children (3rd Edition) (WISC-III UK). San Antonio,
TX: The Psychological Corporation; 1992.

Henderson SE, Sudgen DA. The Movement Assessment
Battery for Children. Brace and Jovanovich, Sidcup, England:
Psychological Corporation; 1992.

Taylor AE, Jones HJ, Sallis H, et al. Exploring the asso-
ciation of genetic factors with participation in the Avon
Longitudinal Study of Parents and Children. Int J Epidemiol.
2018;47(4):1207-1216.

020Z Jaquiaoa( 0g uo Jasn uopuo 8bs)j00 AlsieAiun Aq €650109/772 L BLAS/INQUIS/SE0 L "0 | /I0p/aonie-aoueApe/una|ingelusalydoziyos/woo dno oliwapeose//:sdiy Woll papeojumo(]


https://doi.org/10.1001/jamapsychiatry.2019.3360
https://doi.org/10.1037/0735-7028.28.5.448
https://doi.org/10.1016/S0022-3956(99)00032-1
https://doi.org/10.1017/S0033291712000360
https://doi.org/10.1001/jamapsychiatry.2018.3155
https://doi.org/10.1001/jamapsychiatry.2018.3155
https://doi.org/doi:10.1017/S0033291719003349
https://doi.org/10.1037/a0020149
https://0-www-tandfonline-com.pugwash.lib.warwick.ac.uk/doi/abs/10.1080/0167482X.2018.1468434
https://0-www-tandfonline-com.pugwash.lib.warwick.ac.uk/doi/abs/10.1080/0167482X.2018.1468434
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1176/appi.ajp.2013.12060768
https://doi.org/10.1176/appi.ajp.2013.12060768

33.

34.

35.

36.

37.

Bowen E, Heron J, Waylen A, Wolke D; ALSPAC Study
Team. Domestic violence risk during and after preg-
nancy: findings from a British longitudinal study. BJOG.
2005;112(8):1083-1089.

Steer C, Wolke D, the ALSPAC study team. An index of
family adversity. In: Poster presentation. 3rd Conference of
Epidemiological Longitudinal Studies in Europe. 2004.
Fatemi SH, Folsom TD. The neurodevelopmental hypothesis
of schizophrenia, revisited. Schizophr Bull. 2009;35(3):528-548.
Gibson LE, Alloy LB, Ellman LM. Trauma and the psych-
osis spectrum: a review of symptom specificity and explana-
tory mechanisms. Clin Psychol Rev. 2016;49:92-105.
Thompson AD, Nelson B, Yuen HP, et al. Sexual trauma in-

creases the risk of developing psychosis in an ultra high-risk
“prodromal” population. Schizophr Bull. 2014;40(3):697-706.

38.

39.

40.

41.

Biological and Childhood Risk Factors of Psychosis

Heins M, Simons C, Lataster T, et al. Childhood trauma
and psychosis: a case-control and case-sibling com-
parison across different levels of genetic liability, psy-
chopathology, and type of trauma. Am J Psychiatry.
2011;168(12):1286-1294.

Wolke D, Waylen A, Samara M, et al. Selective drop-out in
longitudinal studies and non-biased prediction of behaviour
disorders. Br J Psychiatry. 2009;195(3):249-256.

Blakely T, McKenzie S, Carter K. Misclassification of the me-
diator matters when estimating indirect effects. J Epidemiol
Community Health. 2013;67(5):458-466.

Cannon M, Healy C, Clarke MC, Cotter D. Prenatal
and perinatal complications in the development of
psychosis: canaries in the coalmine. Lancet Psychiatry.
2020;7(5):372-373.

Page 9 of 9

020Z Jaquiaoa( 0g uo Jasn uopuo 8bs)j00 AlsieAiun Aq €650109/772 L BLAS/INQUIS/SE0 L "0 | /I0p/aonie-aoueApe/una|ingelusalydoziyos/woo dno oliwapeose//:sdiy Woll papeojumo(]


https://doi.org/doi:10.1017/S0033291719003349
https://doi.org/10.1037/a0020149
https://0-www-tandfonline-com.pugwash.lib.warwick.ac.uk/doi/abs/10.1080/0167482X.2018.1468434
https://0-www-tandfonline-com.pugwash.lib.warwick.ac.uk/doi/abs/10.1080/0167482X.2018.1468434
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1176/appi.ajp.2013.12060768
https://doi.org/10.1176/appi.ajp.2013.12060768

