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ABSTRACT
BACKGROUND: The exposome comprises all nongenetic factors an individual is exposed to across their lifespan.
Research suggests that exposomic vulnerability for schizophrenia is associated not only with psychosis but also, to a
degree, with general psychopathology. Here, we investigated to what degree exposome factors are associated with
psychosis and general psychopathology.
METHODS: Data were retrieved from the 1-year follow-up assessment of a large U.S. adolescent sample (n = 11,235),
the Adolescent Brain Cognitive Development (ABCD) Study. Iterative factor analyses of environmental exposures (n =
798) allowed calculation of 6 exposome factors: household adversity, neighborhood environment, day-to-day
experiences, state-level environment, family values, pregnancy/birth complications. Bifactor modeling of clinical
symptoms (n = 93) allowed calculation of a general psychopathology factor (p-factor) and 6 subdomains, including
a psychosis subdomain. We applied linear regression analyses to estimate the association of exposome factors
with the p-factor and psychosis subdomain, respectively.
RESULTS: Individual analyses showed that 5 exposome factors were significantly associated with the p-factor after
multiple-comparison correction. In the mutually adjusted model, all exposome factors were significantly associated
with the p-factor. Psychosis was particularly associated with 3 exposome factors, with the mutually adjusted
model yielding the following results: household adversity (b = 0.04, 95% CI, 0.01 to 0.07), day-to-day experiences
(b = 0.10, 95% CI, 0.08 to 0.12), and pregnancy/birth complications (b = 0.03, 95% CI, 0.01 to 0.05).
CONCLUSIONS: Our findings demonstrate that multifaceted environmental background is associated with mental
disorders. Psychosis was particularly associated with prenatal, perinatal, and childhood (household and school)
adversities, although these exposome domains were also associated with psychopathology. The exposome
approach can help understand neurodevelopmental psychopathology.

https://doi.org/10.1016/j.bpsgos.2022.05.005
Psychosis spectrum disorder (PSD) has a complex, multifac-
eted, interconnected environmental etiology including expo-
sures from different levels (e.g., family-, household-,
neighborhood-, and state-level) (1,2). Evidence highlights the
role of various environmental exposures such as pre- and
perinatal complications, childhood adversities (e.g., abuse,
neglect, nonintentional adversities), minority status, cannabis
use, and urbanicity (3,4). Research has shown that adverse
experiences at different neurodevelopmental sensitive time
points (5–8) such as pregnancy, birth, and childhood (9–11)
have great impact on mental health. Furthermore, not only
significant life events but also day-to-day experiences play an
important role (1,12–14). The environment in which a child
grows up, including factors such as family, neighborhood,
state, or country, can influence their development and psy-
chopathology (1,2,15,16). Furthermore, environmental expo-
sures do not occur in isolation. Exposures are correlated, and
they interact with each other (17). For instance, childhood
adversity is associated with revictimization (e.g., repeated
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exposure to sexual assault) (18) and cannabis use (19). There is
some evidence that the association between urbanicity and
psychosis might be via an indirect path through correlates
such as cannabis use, social adversity, exclusion, discrimina-
tion (20), and air pollution (21). Studies also suggest a dose–
response relationship between exposures and psychopatho-
logical outcomes, with an increasing number (or severity) of
exposures being associated with increasingly poorer out-
comes (22–25).

This interdependent nature of the environmental etiology
of psychosis is not fully understood, which might be (in part)
due to the fact that most epidemiological evidence stems
from one-exposure-one-outcome approaches. Research has
often investigated the association of an isolated exposure,
such as childhood adversity, with a particular mental health
outcome, such as psychosis. However, this approach does
not capture the exposome (26)—the interconnected network
of nongenetic exposures an individual is exposed to across
their lifetime. The exposome entails exposures from internal
f Biological Psychiatry. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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(e.g., inflammation) as well as external (e.g., chemical, life-
style, psychosocial) domains (26). Recently, approaches
(such as the identification of individual correlates, mecha-
nisms, and exposome domains) have been applied to un-
cover exposomic vulnerability for child development by using
large numbers of variables (2,27,28). Furthermore, guided by
the exposome framework, we previously applied predictive
modeling to calculate environmental vulnerability for schizo-
phrenia to estimate an aggregate weighted score (exposome
score for schizophrenia) that takes into account the specific
loading of individual exposures on schizophrenia, as well as
their interdependencies (i.e., correlations) (22). This line of
research shows that models that capture the correlation
between exposures result in better prediction of psychosis
risk than approaches that treat exposures as independent
entities (22,29).

Another disadvantage of the one-exposure-one-outcome
approach is that it focuses on individual outcomes, thereby
ignoring the trans-syndromal nature of psychopathology and
nonspecific pluripotent effects of environmental exposures
(23,30–32). Studies that apply the exposome score for
schizophrenia show that the exposomic vulnerability for
schizophrenia is associated not only with PSD but also with
general mental health problems and functioning (12,29,33,34).
This finding should not be surprising, given the fact that psy-
chosis expression is on a continuum and coincides with other
symptom dimensions (25,35–41). Furthermore, psychosis
expression is often preceded by a nonspecific prodrome with
mixed psychopathology domains (42–44).

In this regard, developmental windows including pregnancy,
early childhood, and adolescence may provide important pe-
riods of vulnerability (6–8). The onset of PSD commonly occurs
in early adulthood, with deviance from typical neuro-
developmental trajectory taking place in adolescence (8).
Psychosis expression is prevalent in young individuals, with
around 17% of children (ages 9–12 years) from the general
population reporting psychotic experiences (45). The persis-
tence and worsening of psychosis phenotypes is related to
impairment, other psychopathology, and genetic as well as
environmental vulnerability (43,46–50). Early psychosis
expression may signal an early stage of psychopathology in
young individuals, accompanied by a heterogeneous and
nonspecific manifestation of clinical symptoms
(35,44,45,51–53).

In this regard, attempting to capture the common liability to
different symptom domains, researchers recently investigate
the latent p-factor measuring general psychopathology (54). To
further investigate the relationship between environment and
general psychopathology, we recently took advantage of the
large U.S. Adolescent Brain Cognitive Development (ABCD)
Study that included comprehensive evaluation of environment.
Through an iterative process of repeated factor analyses, we
reduced dimensionality of environment from hundreds of ex-
posures to 6 environmental subdomains (i.e., household
adversity, neighborhood environment, day-to-day experi-
ences, state-level environment, family values, pregnancy/birth
complications).

In our previous work, we estimated a general exposome
factor that represents the shared latent construct of all envi-
ronmental exposures (2) and tested the association of this
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factor with general psychopathology (p-factor), as well as with
general measures of physical health.

The question remains to what degree the individual expo-
some subdomains explain variance in different dimensions of
psychopathology, especially psychosis, when the effect of
other multidimensional psychopathology is taken into account.
Addressing this question meets the challenge of identifying
factors that may be specifically relevant for psychosis phe-
notypes within general neurodevelopmental psychopathology.
The current study builds upon our experience in the previous
analysis (2) but aims to understand the specific contribution of
environmental subdomains to explain variance in psychosis,
over and above their contribution to explaining variance in
overall psychopathology. Therefore, the current study lever-
ages a large general population cohort of children and ado-
lescents (the ABCD Study) to investigate the associations of
exposome factors with latent dimensions of general psycho-
pathology (i.e., p-factor) and the psychosis domain (sub-/
specific factor).

METHODS AND MATERIALS

Participants

Data were retrieved from a large diverse adolescent sample
(N = 11,878) collected in 21 sites in the United States: the
ABCD Study. With the exception of the neuroimaging sites, the
ABCD Study generally applied a multistage probability sam-
pling design including a stratified random sample of schools to
ensure representativeness of the U.S. children population with
an age range of 9 to 10 years at baseline (55). The catchment
area encompasses over 20% of the entire U.S. population in
this age group. Following a previous report (2), the current
study included 1-year follow-up data (n = 11,235). Participants
provided assent, and parents/caregivers provided signed
informed consent. The ABCD Study protocol was approved
by the University of California, San Diego Institutional Review
Board and was exempted from a full review by the University of
Pennsylvania Institutional Review Board (2).

Measurements

Estimating Exposome Factors. To generate exposome
factors, we identified 798 variables that capture environmental
exposures at multiple levels of analysis including family-,
household-, school-, extracurricular-, neighborhood-, and
state-level, as well as prenatal exposures. We included mea-
sures based on both youth and parent report, as well as the
geocoded address (56). We did not include genetic data as we
specifically focused on environmental exposures in this proj-
ect. In addition, we did not include imaging or neurocognitive
data. Imaging procedures and the comprehensive ABCD Study
neurocognitive assessment were not conducted in the ABCD
Study time point used in the current exposome analysis (i.e., 1-
year follow-up). We conducted iterative exploratory factor an-
alyses to reduce dimensionality to 6 exposome factors:
household adversity, neighborhood environment, day-to-day
experiences, state-level environment, family values, and
pregnancy/birth complications [see the Supplement and
Table S1, and previous report (2) for the details of the
procedure].
www.sobp.org/GOS
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Thereafter, we fit a correlated-traits constrained factor
model (57) from which we calculated exposome factor scores
for each participant. Figure S1 provides an overview of expo-
sures with the highest loadings on each of the exposome
factors in the correlated-traits exposome model.

Estimating General Psychopathology and Psychosis
Expression. Similar to previous work in another youth
dataset (58) and in the ABCD Study (2), we used clinical items
(n = 93, including youth self- or caregiver-reported mental
health items) to estimate a single dimension of psychopa-
thology (i.e., p-factor) through bifactor modeling. An overview
on the scales can be found in the Table S2 and a previous
report (2). The bifactor model was used to reduce the dimen-
sionality from the 93 variables to identify (and calculate) the p-
factor and to extract 6 subdomains (i.e., psychosis, suicidality,
externalizing symptoms, mania, self-reported symptoms, and
positive affect). Of note, a major strength of the bifactor model
is that subdomains are estimated while taking into account the
general psychopathology (p-factor). Therefore, each sub-
domain covers the weights specific to that particular factor
while controlling for other psychopathology. An overview of
mental health traits within the general psychopathology
bifactor model can be found in a previous publication (2).

For the current study, we were specifically interested in the
p-factor and the psychosis subdomain. The psychosis sub-
domain consisted of the 21 (yes/no) items of the Prodromal
Psychosis Scale measuring psychosis spectrum in the ABCD
Study (59).

Statistical Analyses

We used Mplus version 8.4 (60) for factor analyses and SPSS
statistical package version 26.0 (IBM Corp.) to test the asso-
ciation between exposome factors and p-factor as well as the
psychosis subdomain. First, we analyzed the association be-
tween each exposome factor (i.e., household adversity,
neighborhood environment, day-to-day experiences, state-
level environment, family values, pregnancy/birth complica-
tions) and the p-factor in 6 independent analyses. More spe-
cifically, we applied 6 linear regression analyses with each
individual exposome factor as the independent variable and
the p-factor as the dependent variable (Bonferroni-corrected p
, .008). Following this, we applied a linear regression analysis
testing the association between all exposome factors and the
p-factor within 1 statistical model (p , .05). In this mutually
adjusted model, we addressed interdependency among
exposome factors through regressing the factors out of each
other. We reiterated this analytic approach for the psychosis
subdomain as the dependent variable. For the regression an-
alyses, we applied listwise deletion for missing data, which
excluded 1019 participants (9.1% of the full sample of n =
11,235) (Table S3). We retrieved standardized coefficients.
Similar to our previous investigation using data from the ABCD
Study, all analyses were adjusted for age, sex, parent educa-
tion, household income, race (Asian, Black, Other, White), and
Hispanic ethnicity.

We also tested the association between the exposome
factors and the Prodromal Psychosis Scale severity score to
show the difference between the correlated-traits and bifactor
Biological Psychiatry: Glob
measures of psychosis. Furthermore, we conducted several
sensitivity analyses to test the robustness of our findings. We
analyzed the associations after imputing missing values in the
demographic variables, and we applied multilevel mixed
models that took into account the clustering of family and site.
For details, see the Supplement.

RESULTS

An overview of demographic variables at the 1-year follow-up
assessment is shown in Table 1 (n = 11,235; mean age in
years = 10.93, 52% male). Table S4 and Figure S1 show re-
sults from the correlated-traits factor analysis. Figure 1 shows
the interfactor correlations among exposome factors.
Figure S1 indicates that among the exposures with the highest
loadings on each of the exposome factors, several exposures
showed secondary cross loading.

Associations Between Exposome Factor Scores and
General p-Factor

The investigation of the associations between exposome
factors and the p-factor applying 6 independent analyses
showed that 5 exposome factors were associated with the p-
factor, controlling for covariates (Table 2). Family values
(b = 20.05, 95% CI, 20.07 to 20.03, p , .001) were associ-
ated with lower psychopathology, whereas the other expo-
some factors were associated with greater psychopathology:
household adversity (b = 0.31, 95% CI, 0.28 to 0.33, p , .001),
day-to-day experiences (b = 0.62, 95% CI, 0.61 to 0.64, p ,

.001), state-level environment (b = 0.07, 95% CI, 0.05 to –0.09,
p , .001), and pregnancy/birth complications (b = 0.04, 95%
CI 0.02 to –0.06, p , .001). The association between neigh-
borhood environment (b = 0.03, 95% CI, 0.00 to –0.05, p =
.045) and psychopathology was not statistically significant
after Bonferroni correction (p , .008).

The mutually adjusted analysis showed that all exposome
factors were statistically significantly associated with the p-
factor (Figure 2). The final analysis including all exposome
factors and covariates explained 40.1% of the variance in the
p-factor (adjusted R2 = 0.401).

Associations Between Exposome Factor Scores and
Psychosis Subdomain

The investigation of the associations between exposome
factors and the psychosis subdomain applying 6 independent
analyses showed that day-to-day experiences (b = 0.09, 95%
CI, 0.07 to –0.11, p , .001) and pregnancy/birth complications
(b = 0.03, 95% CI 0.01 to –0.05, p = .001) were associated with
higher values on the psychosis subdomain. The associations
of household adversity (b = 0.03, 95% CI, 0.01 to –0.05, p =
.014) and state-level environment (b = 20.02, 95% CI, 20.04
to 20.00, p = .041) were not statistically significant after
Bonferroni correction (p , .008). No other statistically signifi-
cant associations were found (Table 2).

The mutually adjusted analysis showed that household
adversity (b = 0.04, 95% CI, 0.01 to 0.07, p = .009), day-to-day
experiences (b = 0.10, 95% CI, 0.08 to –0.12, p , .001), and
pregnancy/birth complications (b = 0.03, 95% CI, 0.01 to
–0.05, p = .005) were statistically significantly associated with
the psychosis subdomain (Figure 3). The association between
al Open Science July 2022; 2:283–291 www.sobp.org/GOS 285
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Table 1. Demographics of ABCD Study 1-Year Follow-up
Assessment

Demographic Variables n (%) or Mean (SD)

Sex, Female 5356 (47.7%)

Age, Years 10.93 (0.64)

Race

Asian 723 (6.4%)

Black 2269 (20.2%)

Native American 386 (3.4%)

Native Hawaiian/Pacific Islander 70 (0.6%)

White 8453 (75.2%)

Ethnicity, Hispanic 2226 (20.1%)

Household Income

,$5000 347 (3.3%)

$5000–$11,999 336 (3.2%)

$12,000–$15,999 241 (2.3%)

$16,000–$24,999 446 (4.3%)

$25,000–$34,999 604 (5.8%)

$35,000–$49,999 838 (8.1%)

$50,000–$74,999 1363 (13.2%)

$75,000–$99,999 1460 (14.1%)

$100,000–$199,999 3371 (32.5%)

.$200,000 1358 (13.1%)

Parent Education, Years 16.51 (2.63)

Basic demographic information is presented for the 11,235
participants that make up the study population, including age, sex,
race, ethnicity, household income, and parents’ education.

ABCD, Adolescent Brain Cognitive Development.
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neighborhood environment and psychosis was trend signifi-
cant (b = 0.03, 95% CI, 20.00 to –0.06, p = .058). No other
statistically significant associations were found. The final
analysis including all exposome factors and covariates
explained 4.8% of the variance in the psychosis subdomain
(adjusted R2 = 0.048). For comparison, the analyses testing the
association between the exposome factors and the severity
score of the Prodromal Psychosis Scale can be found in the
Supplement.

Sensitivity Analyses

The sensitivity analyses provided support for the robustness of
the findings. Results from imputed data converged with those
from unimputed data (Tables S7, S8). The analyses adjusting for
site and family were also similar. Exposome factors were sta-
tistically significantly associated with the p-factor in the inde-
pendent analyses and the mutually adjusted analysis (Table S9).
Household adversity, neighborhood environment, and day-to-
day experiences were significantly associated with psychosis
factor in the independent analyses and the mutually adjusted
analysis (Table S10). Furthermore, pregnancy/birth complica-
tions were associated with the psychosis factor in the mutually
adjusted analysis (b =20.04, 95%CI,20.06 to20.01, p = .003).

DISCUSSION

We investigated the association of 6 exposome factors (i.e.,
household adversity, neighborhood environment, day-to-day
experiences, state-level environment, family values,
286 Biological Psychiatry: Global Open Science July 2022; 2:283–291
pregnancy/birth complications) with a latent general psycho-
pathology p-factor as well as the psychosis subdomain. Our
findings illustrate that all exposome factors were associated
with general psychopathology in a single model that accounts
for collinearity among all exposome factors (i.e., mutually
adjusted model). Furthermore, we found that household
adversity, day-to-day experiences, and pregnancy/birth com-
plications were specifically associated with the psychosis
subdomain. The finding that multiple exposome factors were
associated with the p-factor and psychosis subdomain is in
accordance with research showing the multifactorial etiology
of neurodevelopmental psychopathology (28,61).

The mutually adjusted analyses revealed that only 3 expo-
some factors were associated with the psychosis subdomain,
while all exposome factors were associated with the p-factor.
Furthermore, standardized coefficients were generally higher
for the associations with the p-factor than for the association
with the psychosis subdomain. Notably, the exposome factors
explained .40% of the p-factor, compared with 4.8% of the
psychosis subdomain. This can be expected as the p-factor
captures the broad range of multidimensional psychopathol-
ogy that is commonly affected by environmental etiology.
Combined with converging evidence (12,22,28,29), this study
shows that the exposome approach helps to provide a better
understanding of the complex network of environmental
vulnerability for mental health than the study of individual
environmental factors in isolation.

The exposome factor that was associated with the p-factor
and psychosis subdomain with the largest standardized co-
efficient was the day-to-day experiences (that includes family
relationships, school environment, and interpersonal stressors
such as discrimination). This finding might be related to the
commonly observed effect of proximity of stressors on mental
health measures (12–14). Research shows that (day-to-day)
stressors that are in close proximity (e.g., temporal or personal)
have a more severe or direct impact on the outcome than distal
stressors (1,12–14). Furthermore, the items constituting day-
to-day experiences were based on youth reports. Therefore,
the experiences may have been more personal, acute
stressors and provided more accurate assessment of the
children’s situation. These findings are in agreement with the
literature on the association of discrimination, social experi-
ences, and parent–child relationships with psychopathology
and psychosis (1). Future studies investigating the temporal
relation between the exposome factors and mental health
outcomes are warranted to test the temporal association of
this exposure-outcome relationship.

In addition to day-to-day experiences, both household
adversity and pregnancy/birth complications were specifically
relevant for psychosis as well as general psychopathology.
Both of these domains were previously associated with psy-
chosis phenotypes as well as other domains of mental health
(4,9,10,62,63). Household adversity exposome factor captures
aspects of childhood adversity (e.g., severe poverty, physical
violence in the household), which is one of the most studied
risk factors for psychopathology (62,63). Our findings are in
accordance with other studies that use baseline ABCD Study
data showing that environmental exposures such as prenatal
exposure to tobacco or marijuana (64) and childhood adver-
sities (11) are associated with psychosis and general
www.sobp.org/GOS
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F1 F2 F3 F4 F5 F6

F
1 1 0.283 -0.317 0.177 -0.052 0.027

F
2 0.283 1 -0.153 0.134 0.033 -0.198

F
3 -0.317 -0.153 1 -0.097 -0.001 -0.001

F
4 0.177 0.134 -0.097 1 0.155 0.010

F
5 -0.052 0.033 -0.001 0.155 1 0.012

F
6 0.027 -0.198 -0.001 0.010 0.012 1

Figure 1. Correlation matrix depicting interfactor correlations among
exposome factor (F) scores. A correlation matrix displays interfactor corre-
lations between the 6 correlated exposome factors. Factor 1 comprises
variables most related to household adversity. Factor 2 comprises variables
most related to neighborhood environment. Factor 3 comprises variables
most related to youth-reported day-to-day experiences. Factor 4 comprises
variables most related to state-level environment. Factor 5 comprises vari-
ables most related to family values. Factor 6 includes variables most related
to pregnancy and birth complications.
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psychopathology. Furthermore, the association between
parent-reported adverse childhood experiences and psychosis
expression appears to be above and beyond other shared
correlates (e.g., everyday stress, depression, and anxiety
symptoms) (11). Research likewise shows that pre- and peri-
natal complications are associated with PSD and psychopa-
thology (9,10). However, it is noteworthy to mention that
information about pregnancy complications are less often
collected and difficult to consistently assess in large cohort
studies without medical records, as retrospective assessment
shows low reliability. Counterintuitively, the sensitivity analyses
adjusting for family and site indicated a negative association
between pregnancy/birth complications and the psychosis
Table 2. Associations of Exposome Factor Scores With Psycho

Psychosis Subdomain

Exposome Factor b 95% CI

Household Adversity 0.028 0.006 to 0.050

Neighborhood Environment 0.017 20.009 to 0.043

Day-to-Day Experiences 0.094 0.074 to 0.114

State-Level Environment 20.021 20.041 to 20.001

Family Values 20.006 20.026 to 0.014

Pregnancy/Birth Complications 0.032 0.012 to 0.052

Each exposome factor was tested in a separate model (6 models for ea
household income, and parental education.

Biological Psychiatry: Glob
factor in the mutually adjusted model. This finding indicates
that there might be site-specific differences that might distort
the associations. It is possible that some sites may have better
access to peri- and prenatal medical care than other sites,
thereby resulting in differences of reported pregnancy/birth
complications. Therefore, further analyses are needed to un-
derstand possible site-specific effects. Our findings will
hopefully encourage researchers to include assessments of
early pre- and perinatal adversities in deeply phenotyped
cohort studies. Our findings also highlight the specific role of
adversity during neurodevelopmentally sensitive time periods.

State-level environment (e.g., laws in specific states and
indicators of bias against sexual orientation, sexism, or racism)
was significantly associated with increased psychopathology
but not with psychosis. This exposome factor entails different
proxy items for known (e.g., legalization of medical marijuana
as a possible proxy for higher rates of cannabis use) and
possibly unknown exposures that form a complex network. It is
difficult to evaluate which correlates might have had an impact
on the individual level and subsequently on the manifestation
of psychopathology. State-level environment might have
entailed proxies of several factors such as cannabis use, social
adversity, exclusion, and discrimination that are consistently
associated with psychopathology as well as psychosis
(20,65–67). However, our results suggest that the exposures in
state-level environment may not be specifically associated
with psychosis but generally with psychopathology. Further-
more, the items within this factor might have tapped into other
domains within the exposome (e.g., neighborhood environ-
ment). Future research is needed to understand the effect of
the individual components of this exposome factor on
psychopathology.

The current study confirms evidence for an association
between neighborhood environment and psychopathology
(1), which was shown specifically in youth (32). This is in line
with a previous study that used data from the ABCD Study.
The study showed that environmental variables retrieved
through geocoded address (neighborhood environment)
were associated with psychopathology (61). Although
neighborhood environment was not statistically significantly
associated with psychosis in the main analyses, it was sig-
nificant in the sensitivity analyses adjusting for family and
site. The latter result is supported by previous findings
suggesting an association of the geocoded environmental
risk factors and psychosis (61). However, neighborhood
environment might already include environmental
sis Subdomain and General p-Factor

General p-Factor

p b 95% CI p

.014 0.305 0.283 to 0.327 ,.001

.190 0.026 0.000 to 0.052 .045

,.001 0.622 0.606 to 0.638 ,.001

.041 0.071 0.051 to 0.091 ,.001

.571 20.050 20.070 to 20.030 ,.001

.001 0.036 0.016 to 0.056 ,.001

ch dependent variable). Models covaried for age, sex, race, ethnicity,
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Family Value

Pregnancy/birth Complications

State-level Environment

Neighborhood Environment

Household Adversity

Day-to-day Experiences

P-factor

-0.023 (-0.039 to -0.007)

0.017 (0.001 to 0.033)

0.120 (0.102 to 0.138)

0.126 (0.102 to 0.150)

0.375 (0.353 to 0.397)

0.683 (0.665 to 0.701)

Beta (95% CI)

-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 2. Associations of exposome factor
scores with the p-factor. All exposome factors are
included in a single model. To address collinearity
among exposome factors, they were regressed out
of each other. Models covaried for age, sex, race,
ethnicity, household income, and parental educa-
tion. For visualization, results are sorted by the
highest to lowest bs (standardized coefficients).
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background that is also captured by sites. Therefore, future
research needs to carefully assess site-specific effects.

Family values were associated with reduced psychopa-
thology. This factor entails several items related to families’
attitudes toward substance abuse (e.g., family rules for using
marijuana, smoking cigarettes, and drinking alcohol). On the
one hand, the attitude might have impacted children’s attitude
as well as behavior toward substances, and eventually psy-
chopathology. On the other hand, parental abuse of sub-
stances is commonly associated with health issues in children
(68). Items tapping into religiosity and family support may un-
derline the possible protective effects of social networks and
social capital (1). Given potential intervention opportunities,
further research on the causal effect of this exposome factor
on psychopathology is needed.

Although studies indicate that aggregated “risk” scores for
schizophrenia are associated with PSD (22,69), with higher risk
and higher explained variance compared with other pheno-
types, they appear to be pluripotent rather than being only
specific to psychosis. Similar to genetic vulnerability, envi-
ronmental vulnerability for schizophrenia is associated with an
extended psychosis phenotype as well as broad mental health
and physical health problems (12,29). The current study adds
to previous literature by highlighting potential target exposome
domains that might be specifically important for psychosis
expression as well as psychopathology. In this regard, it is
important to note that psychosis co-occurs with other multi-
dimensional psychopathology (11,25,35) and physical com-
plaints (70) and is bidirectionally associated with
psychopathology (44). A previous ABCD Study analysis
showed that psychosis expression mediated the association
between childhood adversity and internalizing symptoms as
well as suicidality (11). Furthermore, different factors such as
use of mental health services, drop in grades, other symptoms,
adversities, and suicidality were associated with more sus-
tained versus transient psychosis expression (50). Given that
State-level Environment

Family Value

Neighborhood Environment

Pregnancy/birth Complications

Household Adversity

Day-to-day Experiences

Psychosis subdomain

-0.1 -0.05 0 0.05 0.1
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the magnitude of psychosis admixture depends on environ-
mental exposures (25,71), future studies need to further eval-
uate to what degree the exposome factors contribute to the
development of psychosis admixture especially when applying
prospective approaches. Furthermore, to test the specificity of
the exposome factors, researchers should also test the asso-
ciations with other psychopathology, cognition, and behavioral
domains.

In accordance with the diathesis-stress model (72), early-life
environmental and genetic vulnerability interact with exposures
later in life to drive psychopathology (12). Previous works using
ABCD Study data indicated that direct and indirect measures
of genetic risk for psychosis and mental health were associ-
ated with psychosis expression (39,73). Therefore, future
research may aim to investigate whether exposome di-
mensions interact with genetic vulnerability and whether this
may be associated with psychosis phenotypes and psychosis
admixture. Future studies are needed to understand the effects
of the individual exposures and possibly their interactions
within the exposome factors.

Limitations

The current study takes advantage of a large deeply pheno-
typed adolescent cohort to test the association of exposome
factors with psychosis as well as general psychopathology.
Nonetheless, several limitations should be mentioned. First, a
priori decision-making processes were applied to preselect
important correlates. The large number of exposures was
substantially reduced according to previous knowledge and
common sense. Summary values rather than raw data were
included in several instances. Although this approach ensured
the selection of important correlates for psychopathology,
different approaches might have resulted in different out-
comes. Furthermore, an extended coverage of other correlates
such as indoor air pollutants (74) or persistent organic pollut-
ants in breast milk (75) would have provided a more complete
-0.015 (-0.037 to 0.007)

0.000 (-0.020 to 0.020)

0.029 (-0.001 to 0.059)

0.029 (0.009 to 0.049)

0.037 (0.009 to 0.065)

0.102 (0.080 to 0.124)

Beta (95% CI)

0.15

Figure 3. Associations of exposome factor
scores with the psychosis subdomain. All exposome
factors are included in a single model. To address
collinearity among exposome factors, they were
regressed out of each other. Models covaried for
age, sex, race, ethnicity, household income, and
parental education. For visualization, results are
sorted by the highest to lowest bs (standardized
coefficients).
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set of exposures. However, inclusion of variables was limited
to the availability in the ABCD Study. Second, the analyses
were adjusted for several important demographic covariates.
However, collider bias may occur if both the exposure and the
outcomes causally impact the covariates (e.g., both exposome
and psychosis may influence household income). Longitudinal
analyses are therefore needed. Third, some variables (such as
family psychiatric history) capture not only environmental
impact (e.g., through parent deprivation, child–parent separa-
tion due to hospitalization) (76) but also genetic vulnerability
(77). Future studies that control for direct measures of genetic
vulnerability (e.g., polygenic scores) may help disentangle ge-
netic and environmental components to a degree. Fourth, the
study provided valuable information on the cross-sectional
association between exposome factors and psychosis
expression as well as psychopathology in the 1-year follow-up
snapshot of the ABCD Study. However, not all individuals who
have exposomic vulnerability may develop distinct mental
health problems later in life. Early expression of psychosis
might follow a heterotypic course and evolve into other
nonpsychotic psychiatric diagnoses. Of note, some exposome
factors, such as day-to-day experiences, were mainly based
on youth reports, thereby making causal inferences especially
difficult, as children with mental health problems may have
been more prone to report negative (day-to-day) experiences.
To infer causality and investigate exposome effects on tra-
jectories, future cohort studies with longer follow-up are
needed. Fifth, instead of using a discovery and replication
sample, the exposome and clinical models were estimated in
one discovery cohort. However, our aim was not to test/
confirm a specific theoretical structure [as in (78)] but rather to
estimate optimal empirically derived scores in the ABCD Study
cohort for multiple downstream analyses. Future longitudinal
approaches using the ABCD Study cohort will help cross-
validate these measurement models.

Conclusions

In combination with previous research, our findings underline
the multifaceted etiology of youth mental health. Psychosis
expression was especially associated with prenatal, perinatal,
and childhood adversities. However, these factors were also
associated with general psychopathology. These findings un-
derscore the important role of early environmental adversities
during neurodevelopmentally sensitive windows. The expo-
some approach can help understand the development of
neurodevelopmental psychopathology.

ACKNOWLEDGMENTS AND DISCLOSURES
L-KP is supported by the Kootstra Talent Fellowship of Maastricht Univer-
sity. RB is supported by the National Institute of Mental Health (Grant No.
K23120437). TMM is supported by the National Institute of Mental Health
(Grant No. R01117014). SG is supported by the Ophelia research project
(ZonMw [Grant No. 636340001]).

Data used in the preparation of this article were obtained from the Adoles-
cent Brain Cognitive Development Study (https://abcdstudy.org), held in the
NIMH Data Archive (NDA). This is a multisite, longitudinal study designed to
recruit more than 10,000 children of ages 9 to 10 years and follow them up over
10 years into early adulthood. The Adolescent Brain Cognitive Development
Study is supported by the National Institutes of Health and additional federal
partners under award numbers U01DA041048, U01DA050989, U01DA051016,
U01DA041022, U01DA051018, U01DA051037, U01DA050987, U01DA041174,
Biological Psychiatry: Glob
U01DA041106, U01DA041117, U01DA041028, U01DA041134, U01DA050988,
U01DA051039, U01DA041156, U01DA041025, U01DA041120, U01DA051038,
U01DA041148, U01DA041093, U01DA041089, U24DA041123, U24DA041147.
A full list of supporters is available at https://abcdstudy.org/federal-partners.
html. A listing of participating sites and a complete listing of the study in-
vestigators can be found at https://abcdstudy.org/consortium_members/.

Table S1 was adapted from a preprint (2).
RB serves on the scientific board and reports stock ownership in Taliaz

Health, with no relevance to this work. All other authors report no biomedical
financial interests or potential conflicts of interest.

ARTICLE INFORMATION
From the Department of Psychiatry and Neuropsychology (L-KP, SG),
School for Mental Health and Neuroscience, Maastricht University Medical
Center, Maastricht, the Netherlands; Department of Psychiatry (TMM, RB),
Perelman School of Medicine, University of Pennsylvania; Lifespan Brain
Institute (TMM, EV, IS, RB), Children’s Hospital of Philadelphia and Penn
Medicine; and Department of Child and Adolescent Psychiatry and Behav-
ioral Science (RB), Children’s Hospital of Philadelphia, Philadelphia, Penn-
sylvania; and the Department of Psychiatry (SG), Yale University School of
Medicine, New Haven, Connecticut.

RB and SG contributed equally to this work.
Address correspondence to Sinan Guloksuz, M.D., Ph.D., at sinan.

guloksuz@maastrichtuniversity.nl.
Received Jan 13, 2022; revised May 18, 2022; accepted May 21, 2022.
Supplementary material cited in this article is available online at https://

doi.org/10.1016/j.bpsgos.2022.05.005
REFERENCES
1. Lund C, Brooke-Sumner C, Baingana F, Baron EC, Breuer E,

Chandra P, et al. (2018): Social determinants of mental disorders and
the Sustainable Development Goals: A systematic review of reviews.
Lancet Psychiatry 5:357–369.

2. Moore TM, Visoki E, Argabright ST, DiDomenico GE, Sotelo I,
Wortzel JD, et al. (2021): The exposome and its associations with
broad mental and physical health measures in early adolescence.
medRxiv. https://doi.org/10.1101/2021.08.11.21261918.

3. Belbasis L, Köhler CA, Stefanis N, Stubbs B, van Os J, Vieta E, et al.
(2018): Risk factors and peripheral biomarkers for schizophrenia
spectrum disorders: An umbrella review of meta-analyses. Acta Psy-
chiatr Scand 137:88–97.

4. Radua J, Ramella-Cravaro V, Ioannidis JPA, Reichenberg A,
Phiphopthatsanee N, Amir T, et al. (2018): What causes psychosis? An
umbrella review of risk and protective factors. World Psychiatry 17:49–
66.

5. Nelson CA 3rd, Gabard-Durnam LJ (2020): Early adversity and critical
periods: Neurodevelopmental consequences of violating the expect-
able environment. Trends Neurosci 43:133–143.

6. Patel PK, Leathem LD, Currin DL, Karlsgodt KH (2021): Adolescent
neurodevelopment and vulnerability to psychosis. Biol Psychiatry
89:184–193.

7. Davis J, Eyre H, Jacka FN, Dodd S, Dean O, McEwen S, et al. (2016):
A review of vulnerability and risks for schizophrenia: Beyond the two
hit hypothesis. Neurosci Biobehav Rev 65:185–194.

8. Murray RM, Bhavsar V, Tripoli G, Howes O (2017): 30 years on: How
the neurodevelopmental hypothesis of schizophrenia morphed into the
developmental risk factor model of psychosis. Schizophr Bull
43:1190–1196.

9. Davies C, Segre G, Estradé A, Radua J, De Micheli A, Provenzani U,
et al. (2020): Prenatal and perinatal risk and protective factors for
psychosis: A systematic review and meta-analysis. Lancet Psychiatry
7:399–410.

10. Roffman JL, Sipahi ED, Dowling KF, Hughes DE, Hopkinson CE,
Lee H, et al. (2021): Association of adverse prenatal exposure burden
with child psychopathology in the Adolescent Brain Cognitive Devel-
opment (ABCD) Study. PLoS One 16:e0250235.

11. Karcher NR, Niendam TA, Barch DM (2020): Adverse childhood ex-
periences and psychotic-like experiences are associated above and
al Open Science July 2022; 2:283–291 www.sobp.org/GOS 289

https://abcdstudy.org
https://abcdstudy.org/federal-partners.html
https://abcdstudy.org/federal-partners.html
https://abcdstudy.org/consortium_members/
mailto:sinan.guloksuz@maastrichtuniversity.nl
mailto:sinan.guloksuz@maastrichtuniversity.nl
https://doi.org/10.1016/j.bpsgos.2022.05.005
https://doi.org/10.1016/j.bpsgos.2022.05.005
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref1
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref1
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref1
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref1
https://doi.org/10.1101/2021.08.11.21261918
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref3
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref3
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref3
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref3
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref4
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref4
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref4
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref4
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref5
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref5
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref5
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref6
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref6
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref6
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref7
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref7
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref7
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref8
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref8
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref8
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref8
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref9
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref9
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref9
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref9
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref10
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref10
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref10
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref10
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref11
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref11
http://www.sobp.org/GOS


Exposome and Psychosis in Adolescence
Biological
Psychiatry:
GOS
beyond shared correlates: Findings from the adolescent brain cogni-
tive development study. Schizophr Res 222:235–242.

12. Pries LK, van Os J, Ten Have M, de Graaf R, van Dorsselaer S, Bak M,
et al. (2020): Association of recent stressful life events with mental and
physical health in the context of genomic and exposomic liability for
schizophrenia. JAMA Psychiatry 77:1296–1304.

13. Mansueto G, Faravelli C (2017): Recent life events and psychosis: The
role of childhood adversities. Psychiatry Res 256:111–117.

14. Croft J, Heron J, Teufel C, Cannon M, Wolke D, Thompson A, et al.
(2019): Association of trauma type, age of exposure, and frequency in
childhood and adolescence with psychotic experiences in early
adulthood. JAMA Psychiatry 76:79–86.

15. Rai D, Zitko P, Jones K, Lynch J, Araya R (2013): Country- and
individual-level socioeconomic determinants of depression: Multilevel
cross-national comparison. Br J Psychiatry 202:195–203.

16. Gong WK, Rolls ET, Du JN, Feng JF, Cheng W (2021): Brain structure
is linked to the association between family environment and behavioral
problems in children in the ABCD study. Nat Commun 12:3769.

17. Guloksuz S, Rutten BPF, Pries LK, Ten Have M, de Graaf R, van
Dorsselaer S, et al. (2018): The complexities of evaluating the expo-
some in psychiatry: A data-driven illustration of challenges and some
propositions for amendments. Schizophr Bull 44:1175–1179.

18. Walker HE, Freud JS, Ellis RA, Fraine SM, Wilson LC (2019): The
prevalence of sexual revictimization: A meta-analytic review. Trauma
Violence Abuse 20:67–80.

19. De la Peña-Arteaga V, Nogueira SO, Lynskey M, Hines LA (2021): The
relationship between childhood physical and sexual abuse and
adolescent cannabis use: A systematic review. Front Psychiatry
12:777.

20. Heinz A, Deserno L, Reininghaus U (2013): Urbanicity, social adversity
and psychosis. World Psychiatry 12:187–197.

21. Newbury JB, Arseneault L, Beevers S, Kitwiroon N, Roberts S,
Pariante CM, et al. (2019): Association of air pollution exposure with
psychotic experiences during adolescence. JAMA Psychiatry 76:614–
623.

22. Pries LK, Lage-Castellanos A, Delespaul P, Kenis G, Luykx JJ, Lin BD,
et al. (2019): Estimating exposome score for schizophrenia using
predictive modeling approach in two independent samples: The re-
sults from the EUGEI study. Schizophr Bull 45:960–965.

23. Barzilay R, Calkins ME, Moore TM, Wolf DH, Satterthwaite TD, Cobb
Scott J, et al. (2019): Association between traumatic stress load,
psychopathology, and cognition in the Philadelphia neuro-
developmental cohort. Psychol Med 49:325–334.

24. Dong F, Calkins ME, Compton P, Medoff-Cooper B, Barzilay R,
Taylor JH, et al. (2021): Association between traumatic stressful
events and schizotypal symptoms among a community-based
sample of adolescents: A 2-year longitudinal study. Schizophr Res
233:44–51.

25. Pries LK, Guloksuz S, Ten Have M, De Graaf R, Van Dorsselaer S,
Gunther N, et al. (2018): Evidence that environmental and familial risks
for psychosis additively impact a multidimensional subthreshold psy-
chosis syndrome. Schizophr Bull 44:710–719.

26. Guloksuz S, van Os J, Rutten BPF (2018): The exposome paradigm
and the complexities of environmental research in psychiatry. JAMA
Psychiatry 75:985–986.

27. Steer CD, Bolton P, Golding J (2015): Preconception and prenatal
environmental factors associated with communication impairments in
9 year old children using an exposome-wide approach. PLoS One 10:
e0118701.

28. Maitre L, Julvez J, López-Vicente M, Warembourg C, Tamayo-Uria I,
Philippat C, et al. (2021): Early-life environmental exposure de-
terminants of child behavior in Europe: A longitudinal, population-
based study. Environ Int 153:106523.

29. Pries LK, Erzin G, van Os J, Ten Have M, de Graaf R, van Dorsselaer S,
et al. (2021): Predictive performance of exposome score for schizo-
phrenia in the general population. Schizophr Bull 47:277–283.

30. Ten Have M, de Graaf R, Van Dorsselaer S, Tuithof M, Kleinjan M,
Penninx BWJH (2019): Childhood maltreatment, vulnerability charac-
teristics and adult incident common mental disorders: 3-year
290 Biological Psychiatry: Global Open Science July 2022; 2:283–291
longitudinal data among .10,000 adults in the general population.
J Psychiatr Res 113:199–207.

31. Hailes HP, Yu R, Danese A, Fazel S (2019): Long-term outcomes of
childhood sexual abuse: An umbrella review. Lancet Psychiatry 6:830–
839.

32. Gur RE, Moore TM, Rosen AFG, Barzilay R, Roalf DR, Calkins ME,
et al. (2019): Burden of environmental adversity associated with psy-
chopathology, maturation, and brain behavior parameters in youths.
JAMA Psychiatry 76:966–975.

33. Erzin G, Pries LK, Dimitrakopoulos S, Ralli I, Xenaki LA, Soldatos RF,
et al. (2021): Association between exposome score for schizophrenia
and functioning in first-episode psychosis: Results from the Athens
first-episode psychosis research study [published online ahead of print
Nov 18]. Psychol Med.

34. Erzin G, Pries LK, van Os J, Fusar-Poli L, Delespaul P, Kenis G, et al.
(2021): Examining the association between exposome score for
schizophrenia and functioning in schizophrenia, siblings, and
healthy controls: Results from the EUGEI study. Eur Psychiatry
64:e25.

35. Kelleher I, Keeley H, Corcoran P, Lynch F, Fitzpatrick C, Devlin N, et al.
(2012): Clinicopathological significance of psychotic experiences in
non-psychotic young people: Evidence from four population-based
studies. Br J Psychiatry 201:26–32.

36. Guloksuz S, van Os J (2018): The slow death of the concept of
schizophrenia and the painful birth of the psychosis spectrum. Psychol
Med 48:229–244.

37. van Os J, Kenis G, Rutten BP (2010): The environment and schizo-
phrenia. Nature 468:203–212.

38. Linscott RJ, van Os J (2013): An updated and conservative systematic
review and meta-analysis of epidemiological evidence on psychotic
experiences in children and adults: On the pathway from proneness to
persistence to dimensional expression across mental disorders. Psy-
chol Med 43:1133–1149.

39. Karcher NR, Barch DM, Avenevoli S, Savill M, Huber RS, Simon TJ,
et al. (2018): Assessment of the Prodromal Questionnaire–Brief Child
Version for measurement of self-reported psychoticlike experiences in
childhood. JAMA Psychiatry 75:853–861.

40. Karcher NR, Loewy RL, Savill M, Avenevoli S, Huber RS, Simon TJ,
et al. (2020): Replication of associations with psychotic-like
experiences in middle childhood from the adolescent brain
cognitive development (ABCD) study. Schizophr Bull Open 1:
sgaa009.

41. Karcher NR, Perino MT, Barch DM (2020): An item response theory
analysis of the Prodromal Questionnaire-Brief Child Version: Devel-
oping a screening form that informs understanding of self-reported
psychotic-like experiences in childhood. J Abnorm Psychol 129:293–
304.

42. Hartmann JA, McGorry PD, Destree L, Amminger GP, Chanen AM,
Davey CG, et al. (2020): Pluripotential risk and clinical staging: Theo-
retical considerations and preliminary data from a transdiagnostic risk
identification approach. Front Psychiatry 11:553578.

43. Reeve S, Bell V (2022): Sleep disorders predict the 1-year onset,
persistence, but not remission of psychotic experiences in pre-
adolescence: A longitudinal analysis of the ABCD cohort data
[published online ahead of print Mar 16]. Eur Child Adolesc
Psychiatry.

44. Healy C, Coughlan H, Clarke M, Kelleher I, Cannon M (2020): What
mediates the longitudinal relationship between psychotic experiences
and psychopathology? J Abnorm Psychol 129:505–516.

45. Kelleher I, Connor D, Clarke MC, Devlin N, Harley M, Cannon M (2012):
Prevalence of psychotic symptoms in childhood and adolescence: A
systematic review and meta-analysis of population-based studies.
Psychol Med 42:1857–1863.

46. Calkins ME, Moore TM, Satterthwaite TD, Wolf DH, Turetsky BI,
Roalf DR, et al. (2017): Persistence of psychosis spectrum symptoms
in the Philadelphia neurodevelopmental cohort: A prospective two-
year follow-up. World Psychiatry 16:62–76.

47. Van Os J, Linscott RJ, Myin-Germeys I, Delespaul P, Krabbendam L
(2009): A systematic review and meta-analysis of the psychosis
www.sobp.org/GOS

http://refhub.elsevier.com/S2667-1743(22)00066-0/sref11
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref11
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref12
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref12
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref12
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref12
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref13
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref13
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref14
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref14
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref14
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref14
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref15
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref15
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref15
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref16
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref16
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref16
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref17
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref17
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref17
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref17
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref18
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref18
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref18
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref19
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref19
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref19
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref19
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref20
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref20
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref21
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref21
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref21
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref21
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref22
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref22
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref22
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref22
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref23
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref23
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref23
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref23
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref24
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref24
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref24
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref24
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref24
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref25
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref25
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref25
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref25
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref26
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref26
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref26
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref27
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref27
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref27
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref27
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref28
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref28
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref28
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref28
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref29
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref29
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref29
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref30
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref31
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref31
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref31
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref32
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref32
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref32
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref32
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref33
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref33
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref33
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref33
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref33
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref34
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref34
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref34
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref34
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref34
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref35
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref35
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref35
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref35
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref36
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref36
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref36
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref37
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref37
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref38
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref38
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref38
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref38
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref38
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref39
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref39
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref39
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref39
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref40
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref40
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref40
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref40
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref40
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref41
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref41
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref41
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref41
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref41
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref42
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref42
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref42
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref42
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref43
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref43
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref43
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref43
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref43
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref44
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref44
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref44
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref45
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref45
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref45
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref45
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref46
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref46
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref46
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref46
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref47
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref47
http://www.sobp.org/GOS


Exposome and Psychosis in Adolescence
Biological
Psychiatry:
GOS
continuum: Evidence for a psychosis proneness–persistence–
impairment model of psychotic disorder. Psychol Med 39:179–195.

48. Karcher NR, Loewy RL, Savill M, Avenevoli S, Huber RS, Makowski C,
et al. (2022): Persistent and distressing psychotic-like experiences
using adolescent brain cognitive development℠ study data. Mol
Psychiatry 27:1490–1501.

49. Jutla A, Donohue MR, Veenstra-VanderWeele J, Foss-Feig JH (2021):
Reported autism diagnosis is associated with psychotic-like symp-
toms in the Adolescent Brain Cognitive Development cohort [pub-
lished online ahead of print Mar 1]. Eur Child Adolesc Psychiatry.

50. Karcher NR, Loewy RL, Savill M, Avenevoli S, Huber R, Makowski C,
et al. (2020): An examination of sustained versus transient distressing
psychotic-like experiences using adolescent brain cognitive Devel-
opment℠ Study Data. medRxiv. https://doi.org/10.1101/2020.11.10.
20229229.

51. McGrath JJ, Saha S, Al-Hamzawi AO, Alonso J, Andrade L, Borges G,
et al. (2016): Age of onset and lifetime projected risk of psychotic
experiences: Cross-national data from the world mental health survey.
Schizophr Bull 42:933–941.

52. Achenbach TM (2015): Transdiagnostic heterogeneity, hierarchical
dimensional models, and societal, cultural, and individual differences
in the developmental understanding of psychopathology. Eur Child
Adolesc Psychiatry 24:1419–1422.

53. Shevlin M, McElroy E, Murphy J (2017): Homotypic and heterotypic
psychopathological continuity: A child cohort study. Soc Psychiatry
Psychiatr Epidemiol 52:1135–1145.

54. Caspi A, Houts RM, Belsky DW, Goldman-Mellor SJ, Harrington H,
Israel S, et al. (2014): The p factor: One general psychopathology
factor in the structure of psychiatric disorders? Clin Psychol Sci 2:119–
137.

55. Garavan H, Bartsch H, Conway K, Decastro A, Goldstein RZ,
Heeringa S, et al. (2018): Recruiting the ABCD sample: Design con-
siderations and procedures. Dev Cogn Neurosci 32:16–22.

56. Fan CC, Marshall A, Smolker H, Gonzalez MR, Tapert SF, Barch DM,
et al. (2021): Adolescent Brain Cognitive Development (ABCD) study
Linked External Data (LED): Protocol and practices for geocoding and
assignment of environmental data. Dev Cogn Neurosci 52:101030.

57. Harrington D (2009): Confirmatory Factor Analysis. Oxford: Oxford
University Press.

58. Shanmugan S, Wolf DH, Calkins ME, Moore TM, Ruparel K,
Hopson RD, et al. (2016): Common and dissociable mechanisms of
executive system dysfunction across psychiatric disorders in youth.
Am J Psychiatry 173:517–526.

59. Loewy RL, Pearson R, Vinogradov S, Bearden CE, Cannon TD (2011):
Psychosis risk screening with the Prodromal Questionnaire—Brief
version (PQ-B). Schizophr Res 129:42–46.

60. Muthén LK, Muthén B (2020): Mplus: Statistical Analysis With Latent
Variables: User’s Guide. Los Angeles: Muthén & Muthén.

61. Karcher NR, Schiffman J, Barch DM (2021): Environmental risk factors
and psychotic-like experiences in children aged 9–10. J Am Acad
Child Adolesc Psychiatry 60:490–500.

62. Sahle BW, Reavley NJ, Li W, Morgan AJ, Yap MBH, Reupert A,
Jorm AF (2021): The association between adverse childhood experi-
ences and common mental disorders and suicidality: An umbrella re-
view of systematic reviews and meta-analyses [published online ahead
of print Feb 27]. Eur Child Adolesc Psychiatry.

63. Kessler RC, McLaughlin KA, Green JG, Gruber MJ, Sampson NA,
Zaslavsky AM, et al. (2010): Childhood adversities and adult psycho-
pathology in the WHO World Mental Health Surveys. Br J Psychiatry
197:378–385.
Biological Psychiatry: Glob
64. Paul SE, Hatoum AS, Fine JD, Johnson EC, Hansen I, Karcher NR,
et al. (2021): Associations between prenatal cannabis exposure and
childhood outcomes: Results from the ABCD study. JAMA Psychiatry
78:64–76.

65. Varchmin L, Montag C, Treusch Y, Kaminski J, Heinz A (2021): Trau-
matic events, social adversity and discrimination as risk factors for
psychosis-An umbrella review. Front Psychiatry 12:665957.

66. Vargas TG, Mittal VA (2021): Testing whether implicit emotion regu-
lation mediates the association between discrimination and symptoms
of psychopathology in late childhood: An RDoC perspective [pub-
lished online ahead of print Jul 29]. Dev Psychopathol.

67. Argabright ST, Visoki E, Moore TM, Ryan DT, DiDomenico GE,
Njoroge WFM, et al. (2022): Association between discrimination stress
and suicidality in preadolescent children. J Am Acad Child Adolesc
Psychiatry 61:686–697.

68. Raitasalo K, Holmila M (2017): Parental substance abuse and risks to
children’s safety, health and psychological development. Drugs Educ
Prev Policy 24:17–22.

69. Pries LK, Dal Ferro GA, van Os J, Delespaul P, Kenis G, Lin BD, et al.
(2020): Examining the independent and joint effects of genomic and
exposomic liabilities for schizophrenia across the psychosis spectrum.
Epidemiol Psychiatr Sci 29:e182.

70. Damme KSF, Park JS, Walther S, Vargas T, Shankman SA, Mittal VA
(2022): Depression and psychosis risk shared vulnerability for motor
signs across development, symptom dimensions, and familial risk.
Schizophr Bull 48:752–762.

71. Reeves LE, Anglin DM, Heimberg RG, Gibson LE, Fineberg AM,
Maxwell SD, et al. (2014): Anxiety mediates the association between
cannabis use and attenuated positive psychotic symptoms. Psychiatry
Res 218:180–186.

72. Pruessner M, Cullen AE, Aas M, Walker EF (2017): The neural
diathesis-stress model of schizophrenia revisited: An update on recent
findings considering illness stage and neurobiological and methodo-
logical complexities. Neurosci Biobehav Rev 73:191–218.

73. Karcher NR, Paul SE, Johnson EC, Hatoum AS, Baranger DAA,
Agrawal A, et al. (2022): Psychotic-like experiences and polygenic li-
ability in the adolescent brain cognitive development study. Biol
Psychiatry Cogn Neurosci Neuroimaging 7:45–55.

74. Gonzalez-Casanova I, Stein AD, Barraza-Villarreal A, Feregrino RG,
DiGirolamo A, Hernandez-Cadena L, et al. (2018): Prenatal exposure to
environmental pollutants and child development trajectories through 7
years. Int J Hyg Environ Health 221:616–622.

75. Lenters V, Iszatt N, Forns J, �Cechová E, Ko�can A, Legler J, et al.
(2019): Early-life exposure to persistent organic pollutants (OCPs,
PBDEs, PCbs, PFASs) and attention-deficit/hyperactivity disorder: A
multi-pollutant analysis of a Norwegian birth cohort. Environ Int
125:33–42.

76. Brockington I, Chandra P, Dubowitz H, Jones D, Moussa S, Nakku J,
Quadros Ferre I (2011): WPA guidance on the protection and promo-
tion of mental health in children of persons with severe mental disor-
ders. World Psychiatry 10:93–102.

77. Agerbo E, Sullivan PF, Vilhjálmsson BJ, Pedersen CB, Mors O,
Børglum AD, et al. (2015): Polygenic risk score, parental socioeco-
nomic status, family history of psychiatric disorders, and the risk for
schizophrenia: A Danish population-based study and meta-analysis.
JAMA Psychiatry 72:635–641.

78. Moore TM, Kaczkurkin AN, Durham EL, Jeong HJ, McDowell MG,
Dupont RM, et al. (2020): Criterion validity and relationships between
alternative hierarchical dimensional models of general and specific
psychopathology. J Abnorm Psychol 129:677–688.
al Open Science July 2022; 2:283–291 www.sobp.org/GOS 291

http://refhub.elsevier.com/S2667-1743(22)00066-0/sref47
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref47
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref48
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref48
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref48
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref48
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref49
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref49
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref49
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref49
https://doi.org/10.1101/2020.11.10.20229229
https://doi.org/10.1101/2020.11.10.20229229
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref51
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref51
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref51
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref51
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref52
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref52
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref52
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref52
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref53
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref53
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref53
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref54
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref54
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref54
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref54
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref55
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref55
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref55
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref56
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref56
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref56
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref56
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref57
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref57
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref58
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref58
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref58
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref58
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref59
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref59
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref59
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref60
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref60
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref61
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref61
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref61
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref62
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref62
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref62
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref62
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref62
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref63
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref63
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref63
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref63
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref64
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref64
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref64
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref64
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref65
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref65
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref65
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref66
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref66
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref66
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref66
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref67
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref67
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref67
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref67
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref68
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref68
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref68
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref69
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref69
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref69
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref69
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref70
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref70
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref70
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref70
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref71
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref71
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref71
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref71
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref72
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref72
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref72
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref72
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref73
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref73
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref73
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref73
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref74
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref74
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref74
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref74
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref75
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref76
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref76
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref76
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref76
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref77
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref77
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref77
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref77
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref77
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref78
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref78
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref78
http://refhub.elsevier.com/S2667-1743(22)00066-0/sref78
http://www.sobp.org/GOS

	Estimating the Association Between Exposome and Psychosis as Well as General Psychopathology: Results From the ABCD Study
	Methods and Materials
	Participants
	Measurements
	Estimating Exposome Factors
	Estimating General Psychopathology and Psychosis Expression

	Statistical Analyses

	Results
	Associations Between Exposome Factor Scores and General p-Factor
	Associations Between Exposome Factor Scores and Psychosis Subdomain
	Sensitivity Analyses

	Discussion
	Limitations
	Conclusions

	References


