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Abstract

Objective: Research implicates environmental risk factors, including correlates of urbanicity, 

deprivation, and environmental toxins, in psychotic-like experiences (PLEs). The current study 

examined associations between several types of environmental risk factors and PLEs in school-age 

children, whether these associations were specific to PLEs or generalized to other 

psychopathology, and examined possible neural mechanisms for significant associations.

Method: The current study used cross-sectional data from 10,328 9-10-year-olds from the 

Adolescent Brain Cognitive Development℠ study. Hierarchical linear models examined 

associations between PLEs and geocoded environmental risk factors, and whether associations 

generalized to internalizing/externalizing symptoms. Mediation models examined evidence of 

structural MRI abnormalities (e.g., intracranial volume) potentially mediating associations 

between PLEs and environmental risk factors.

Results: The results found specific types of environmental risk factors, namely measures of 

urbanicity (e.g., drug offense exposure, less perception of neighborhood safety), deprivation (e.g., 

overall deprivation, poverty rate), and lead exposure risk, were associated with PLEs. These 

associations showed evidence of stronger associations with PLEs than internalizing/externalizing 

symptoms (especially overall deprivation, poverty, drug offense exposure, and lead exposure risk). 

There was evidence that brain volume mediated between 11-25% of associations between poverty, 

perception of neighborhood safety, and lead exposure risk with PLEs.

Conclusions: Although in the context of cross-sectional analyses, this evidence is consistent 

with neural measures partially mediating the association between PLEs and environmental 

exposures. This study also replicated and extended recent findings of associations between PLEs 

and environmental exposures, finding evidence for specific associations with correlates of 

urbanicity, deprivation, and lead exposure risk.
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Examining 10,328 9-10-year-olds using Adolescent Brain Cognitive Development℠ Study cross-

sectional data, childhood psychotic-like experiences (PLEs) were specifically associated with 

several environmental risk factors, including measures of urbanicity, deprivation, and lead 

exposure risk. Further, we found evidence that associations with brain volume may account for 

approximately 11-25% of the association between these environmental risk factors and PLEs. The 

current study clarifies the nature of the association between PLEs and environmental exposures, 

including finding possible neural mechanisms for these associations.
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Research investigating associations between environmental characteristics and psychosis1 

indicates exposure to urban environments is associated with two-to-three-fold increased 

psychosis risk.2 However, only recently has research examined associations between 

environmental risk factors and earlier markers of psychosis risk, including associations with 

psychotic-like experiences (PLEs).3 PLEs, or nonclinical schizophrenia spectrum symptoms 

(e.g., perceptual abnormalities, mild delusional thoughts), in childhood are associated with 

greater odds of developing psychiatric disorders, including psychotic disorders, during 

adulthood.4 The current study will examine associations between these environmental 

factors and PLEs in school-age children.

Few studies have examined which specific environmental factors, including urbanicity (e.g., 

population density, crime rates),5 toxins (including air pollution),3 or increased poverty/

deprivation,6 are associated with psychosis risk when accounting for confounding factors, 

including financial adversity and psychiatric family history (Figure 1).3 A wealth of 

evidence suggests that exposure to socio-environmental adversity, including deprivation 

(e.g., low income, employment, education) is associated with increased rates of psychosis.7 

Research has also found evidence for associations of environmental toxins and pollutants 

(e.g., particulate matter (PM) and nitrogen dioxide (NO2)) with markers of psychosis risk,8 

though research also implicates these pollutants in other psychiatric problems including 

internalizing and externalizing symptoms.9 However, a commentary on prior research3 

suggested that the association between pollutants and PLEs may be at least partially 

attributable to lead exposure,10 consistent with other previous work.11 One reason to suspect 

exposure to toxins may contribute to associations between environmental risk factors and 

psychosis is that exposure to air pollution or lead may result in increased oxidative stress 

and/or systemic inflammation, which have been suggested as causal factors in psychosis 

development.12 Furthermore, the authors of a recent study suggested that air pollution may 

increase risk for PLEs by directly influencing brain structure or function due to increased 

inflammation or stress.3

The idea that environmental factors may be associated with increased PLEs through a 

specific influence on brain development is consistent with research linking reductions in 

volume, surface area, and cortical thickness to psychosis spectrum symptoms.13,14 

Furthermore, research indicates that especially deprivation15 and exposure to environmental 
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toxins16,17 are associated with a host of structural abnormalities, including global volumetric 

reductions and altered cortical thickness. However, there is less research regarding the 

interrelationships between environmental risk factors, structural abnormalities, and markers 

of psychosis risk. There is evidence that urban exposure is associated with reduced grey 

matter volume in males with psychosis,18 although another study found urbanicity did not 

influence the association between genetic risk for psychosis and cortical thickness.19 To our 

knowledge, no studies have explicitly examined whether there is evidence consistent with 

structural brain measures mediate associations between specific environmental risk factors 

and PLEs as will be examined in the current study (Figure 1).

The current study examined associations between PLEs and environmental risk factors using 

cross-sectional data from 9-10-year-olds in the Adolescent Brain Cognitive Development℠ 
study (ABCD Study®). This age range provides several important advantages, including 

providing evidence that early exposure to toxins and deprivation may have an influence on 

pre-pubertal neurodevelopment related to PLEs.20 We examined whether, as expected, PLEs 

were associated with exposure to specific types of environmental risk factors, including 

urbanicity (population density and crime exposure), deprivation (including neighborhood 

adversity), and toxins. Furthermore, given that environmental risk factors are also associated 

with other psychiatric difficulties (e.g., internalizing and externalizing symptoms),21 the 

current study also examined evidence of specificity of associations with environmental risk 

factors. Lastly, we examined possible mechanisms for significant associations, specifically 

whether there is evidence consistent with the hypotheses that structural brain metrics (e.g., 

volume, surface area, cortical thickness) mediate associations between environmental risk 

factors and PLEs. Research indicates that pre-adolescence is associated with ongoing brain 

changes, including increases in both grey and white matter preceding the post-adolescent 

decreases in cortical grey matter.22 Additionally, research indicates that environmental risk 

factors are associated with reductions in brain structure and function.15 It was therefore 

expected that environmental risk factors would be associated with global reductions in brain 

volume, surface area, and thickness.15-17 Further, as PLEs in general are associated with 

reduced global volume, surface area, and cortical thickness,13,14 we hypothesized that we 

would find evidence consistent with reduced brain volume, surface area, and cortical 

thickness mediating the associations between environmental risk factors and PLEs.

Methods

Participants

A sample of 11,875 individuals was obtained from the ABCD Study® (Data Release 2.0.1), 

a large-scale study tracking 9-10-years-olds recruited from 21 research sites across the 

United States.23 Potential participants were excluded from participating in the ABCD 

Study® for the following reasons: child not fluent in English, MRI contraindication (e.g., 

irremovable ferromagnetic implants or dental appliances, claustrophobia, pregnant), major 

neurological disorder, gestational age less than 28 weeks or birthweight less than 1,200 

grams, history of traumatic brain injury, or had a current diagnosis of schizophrenia, autism 

spectrum disorder (moderate, severe), mental retardation/intellectual disability, or alcohol/

substance use disorder.
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ABCD Study® data were accessed from the National Institutes of Mental Health Data 

Archive (see Acknowledgments). All measures were collected at the ABCD Study® baseline 

assessment wave. Participants were removed from analyses due to missing data (n=1,546; 

Table S1). The final sample size was 10,328 individuals (47.4% female; 53.2% White, 

20.1% Hispanic, 14.0% African American, 2.1% Asian, and 10.6% Other).

Measures

Symptom Measures—Child participants completed the Prodromal Questionnaire-Brief 

Child Version (PQ-BC), a 21-item self-report questionnaire previously validated for use with 

school-age children using the ABCD Study® sample.24 Consistent with this previous 

research,24 distress scores were calculated as the total number of endorsed questions 

weighted by level of distress [i.e., 0=no, 1=yes (but no distress), 2-6=yes (1+score on 

distress scale)]. Parental PLEs were assessed as in previous research24 using the summation 

of parent’s responses to four questions from the Achenbach Adult Self Report.25 

Internalizing symptoms were examined using a) the validated and computerized Kiddie-

Structured Assessment for Affective Disorders and Schizophrenia (KSADS) for DSM-526 

using summations of child-rated current depression and generalized anxiety disorder 

symptoms, and b) parent-rated Child Behavior Checklist (CBCL) internalizing measure t-
scores.25 We also examined the child’s externalizing symptoms using the parent-rated CBCL 

externalizing measure t-scores.25

Family history of psychiatric disorder was assessed using the parent-rated Family History 

Assessment Module Screener,27 and scored as the proportion of family members (i.e., the 

participant’s mother, father, or maternal grandmother, grandfather, uncles, aunts) endorsing a 

history of psychosis, depression, mania, suicidality, previous hospitalization or professional 

help for mental health issues.3 Financial adversity was measured as the summation of 

endorsement of seven parent-rated questions of financial difficulties from a demographic 

questionnaire. This measure included the following questions: 1) Needed food but couldn't 

afford to buy it or couldn't afford to go out to get it?, 2) Were without telephone service 

because you could not afford it?, 3) Didn't pay the full amount of the rent or mortgage 

because you could not afford it?, 4) Were evicted from your home for not paying the rent or 

mortgage?, 5) Had services turned off by the gas or electric company, or the oil company 

wouldn't deliver oil because payments were not made?, 6) Had someone who needed to see a 

doctor or go to the hospital but didn't go because you could not afford it?, 7) Had someone 

who needed a dentist but couldn't go because you could not afford it?

Environmental Risk Factors—A number of environmental risk factors were retrieved 

based on the child’s primary address coordinates (Figure 1a; Table S2 for correlations 

between environmental risk factors).

Urbanicity, Safety and Crime.: Based on current residential address at baseline, population 

density, a neighborhood walkability index, parent-rated perception of neighborhood safety, 

and crime exposure estimates were examined.

Population density was calculated based on estimates from the Socioeconomic Data and 

Applications Center (SEDAC), calculated based on the 2010 census tracts and adjusted to 
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United Nations (UN) estimates of national-level population counts. A neighborhood 

walkability index was created based on data obtained from the EPA (https://www.epa.gov/

smartgrowth/smart-location-mapping#walkability) and 2010 census tract estimates. 

Perception of neighborhood safety was calculated as a summation of three parent-rated 

questions (i.e., “I feel safe walking in my neighborhood, day or night”; “Violence is not a 

problem in my neighborhood”; “My neighborhood is safe from crime”; each was rated on a 

scale from 1-5, 1=strongly disagree, 5=strongly agree).

Next, crime exposure information was obtained from the Uniform Crime Report from FBI, 

compiled by Inter-university Consortium for Political and Social Research,28 averaged from 

2010-2012 to create stable county-level estimates. Crime exposure estimates included grand 

total offenses, total violent offenses, total drug offenses, and total Driving Under the 

Influence (DUIs).

Deprivation.: Overall deprivation was defined as the Area Deprivation Index (ADI) national 

percentile scores for the current residential address at baseline, calculated from the 

2011-2015 American Community Survey 5-year summary (Table S5 for ADI subscores).29 

We also examined the proportion of individuals living in poverty (−125% of poverty level), 

average age of the home within the area, and number of years at current residence.

Environmental toxins.: Based on current residential address at baseline, estimates of air 

pollution exposure and lead exposure were examined. Estimates of air pollution, including 

nitrogen dioxide (N02) levels (primarily obtained from car emissions) were obtained from 

NASA SEDAC, based on satellite reports averaged over 3 years (2010-2012) with a 

resolution of 100 km2. In addition, a 2016 annual average of daily particulate matter 2.5 

(PM2.5; consisting of inhalable particles, with diameters generally ≤2.5 micrometers) was 

created at 1 km2 spatial resolution.30 Estimates of lead exposure risk were obtained by first 

geocoding the participant’s address at the census tract-level and then calculating risk scores 

based on data obtained from vox.com (https://www.vox.com/a/lead-exposure-risk-map). 

Estimated lead exposure risk scores (1-10, 10 being the most at risk) were calculated using 

proportion of individuals living in poverty and average age of the home (see Deprivation 

section above).

Structural MRI Measures—For the current study, structural MRI measures include 

volume,31 area,32 and cortical thickness.33 All children were run on a 3T scanner- Prisma 

(Siemens Healthineers, Munich, Germany), Discovery MR750 (GE Healthcare, Chicago, 

IL), or Achieva dStream or Ingenia CX (Philips Healthcare, Andover, MA)- with a 32-

channel head coil and completed T1-weighted and T2-weighted structural scans (1mm 

isotropic). Structural neuroimaging processing was completed using FreeSurfer version 5.3.0 

through standardized processing pipelines.34 Participants that did not pass FreeSurfer 

Quality Control measure (i.e., at least one T1 scan that passed all quality control metrics) 

were excluded from analyses (n= 69). Cortical reconstruction and volumetric segmentation 

was performed by the ABCD Study® Data Acquisition and Integration Core using the 

FreeSurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). This pre-processing 

includes removal of non-brain tissue using a hybrid watershed/surface deformation 

procedure,35 automated Talairach transformation, segmentation of the subcortical white 
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matter and deep gray matter volumetric structures, intensity normalization, tessellation of 

the gray/white matter boundary, automated topology correction, and surface deformation 

following intensity gradients.33 Images were registered to an atlas, which was based on 

individual cortical folding patterns to match cortical geometry across subjects. The cerebral 

cortex was parcellated into 34 regions per hemisphere based on the gyral and sulcal 

structure. The subcortical white matter and deep gray matter volumetric structures were 

segmented into 22 regions.36

For the current study, we specifically examined the following global structural MRI metrics 

(see Supplement 1 for analyses with each of the parcellated cortical and subcortical Desikan 

regions, available online): intracranial volume, total cortical brain volume, total subcortical 

gray matter volume, total surface area, total cortical thickness, as well as hippocampal 

volume due to the wealth of research linking hippocampal volume to both environmental 

risk factors and PLEs.15,37

Statistical Analyses

The analyses used hierarchical linear models (HLMs), with all multiple comparisons False 

Discovery Rate (FDR) corrected across 15 models. We employed FDR as opposed to more 

conservative approaches (e.g., Bonferroni) as a way to effectively balance the risk of both 

Type I and Type II error in this relatively large sample. All analyses were conducted in R 

lme4 package38 (multcomp package for multiple comparison analyses39), with family unit 

and the 21 ABCD Study® research site modeled as random intercepts. We included 

covariates consistent with previous analyses (Figure 1a).3 For imaging analyses, covariates 

also included scanner type and average motion rating. Results are expressed as standardized 

estimates (βs) with 95% bootstrapped (5000 iterations) confidence intervals (CIs).

HLMs examined the association between PLEs and each of the environmental risk factors 

(Figure 1a). Due to significant skew and zero inflation of PLEs and child-rated internalizing 

symptoms, negative binomials were also conducted, with results remaining consistent. We 

also examined whether associations between PLEs and environmental risk factors exhibited 

specificity, or whether these variables were also (or even more strongly) associated with 

internalizing and/or externalizing symptoms. Differences between correlations were 

examined using Meng’s z-test procedures.40 Lastly, we performed hierarchical mediation 

analyses using the lavaan package in R41 to examine evidence for structural MRI 

abnormalities potentially mediating associations between PLEs and significant 

environmental risk factors.

Results

Associations between PLEs and Environmental Risk Factors

Urbanicity, Safety and Crime.—Even when accounting for covariates (Table 1 and 

Figure 1a; Table S3 for associations with individual PQ-BC items and Table S4 for 

associations with covariates; see Supplement 1 for analyses only containing Caucasian 

participants), greater total drug offense exposure (R2=.022) and less perception of 

neighborhood safety (R2=.019) were associated with greater PLEs.
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Deprivation.—Greater overall deprivation as assessed by ADI percentile score (R2=.034), 

rate of poverty (R2=.024), and fewer years at residence (R2=.021) were all associated with 

greater PLEs (Table S5 for specific ADI sub-score associations with PLEs), even when 

accounting for covariates (Table 1 and Figure 1a).

Environmental toxins.—When accounting for covariates (Table 1 and Figure 1a), only 

increased lead exposure risk (R2=.019) was significantly associated with increased PLEs.

Specificity of Associations between PLEs and Environmental Risk Factors

We also examined whether associations between PLEs and environmental risk factors were 

specific to PLEs or whether these variables were also associated with internalizing and/or 

externalizing symptoms. When including PLEs in the model (Table 2; Supplement 1 for 

additional results), both parent-rated internalizing and externalizing symptoms were 

significantly associated with less perception of neighborhood safety. In addition, parent-

rated externalizing symptoms were significantly associated with fewer years at residence. 

Internalizing and externalizing symptoms were not significantly associated with the other 

risk factors, including total drug offense exposure, overall deprivation, rate of poverty, and 

lead exposure risk. Importantly, PLEs remained significantly associated with all 

aforementioned environmental risk factor correlates even when including internalizing and 

externalizing symptoms in the model.

Next, we examined whether PLEs showed significantly stronger associations with 

environmental risk factors in comparison to internalizing/externalizing symptoms. In 

comparison to internalizing and externalizing symptoms, PLEs showed significantly 

stronger associations with total drug offense exposure (Zs>10.12, ps<.001), greater 

deprivation (Zs>6.04, ps<.001), and rate of poverty (Zs>3.10, ps<.001). PLEs also showed 

significantly stronger associations with fewer years at residence than internalizing symptoms 

(Zs>−2.31, ps<.05; externalizing symptoms: Z=−0.90, p=.18), PLEs showed significantly 

stronger associations with perception of neighborhood safety than child-rated internalizing 

symptoms (Z=2.01, p<.05; parent-rated symptoms: Zs<−0.69, ps>.25), and PLEs showed 

significantly stronger associations with lead exposure risk than parent-rated internalizing and 

externalizing symptoms (Zs>3.02, p<.005; child-rated symptoms: Z=1.50, p=.07).

Associations between PLEs, Environmental Risk Factors, and Structural Abnormalities

Each of the structural MRI variables (i.e., ICV, total subcortical gray volume, total cortical 

volume, total cortical thickness, total surface area, and total hippocampal volume) were 

significantly associated with PLEs (Table 3) except for hippocampal volume. Furthermore, 

these structural MRI variables were also associated with all of the environmental risk factors 

that were significantly associated with PLEs (Table 4), including perception of 

neighborhood safety, all deprivation indices, and lead exposure risk. The exception was that 

total drug offense exposure was not significantly associated with cortical thickness.

We next examined evidence for these structural MRI variables mediating the association 

between environmental risk factors and PLEs. There was evidence that cortical volume 

partially mediated the association between deprivation as measured by rate of poverty (and 
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to a lesser extent, overall deprivation, see Table S6) and PLEs (indirect effect [path ab] bias-

corrected 95% confidence interval [CI], 0.004-0.01; proportion mediated=16.42%; note 

similar evidence of mediation was found for the other volume indices, see Table S6). There 

was evidence that total cortical volume also partially mediated the relationship between 

perception of neighborhood safety (an index of urbanicity, safety, and crime) and PLEs 

(indirect effect [path ab] bias-corrected 95% confidence interval [CI], 0.004-0.008; 

proportion mediated=16.33%; note similar evidence of mediation was found for the other 

volume indices, see Table S6). There was also evidence that cortical volume mediated the 

association between lead exposure risk and PLEs (indirect effect [path ab] bias-corrected 

95% confidence interval [CI], 0.004-0.01; proportion mediated=29.17%; note evidence of 

mediation was found for each of the other structural indices, see Table S6). The other 

environmental risk factors (e.g., drug offense exposure, years at residence), either did not 

show significant evidence of mediation (i.e., drug offense exposure) or the proportion 

mediated by the structural MRI variables was <10% (Table S6; Tables S7-10 for results with 

individual Desikan regions).

Discussion

Overall, the current study moves forward our understanding of the nature of associations 

between PLEs and environmental risk factors and makes first steps in understanding the 

possible neural mechanisms contributing to the association between both deprivation and 

urbanicity and PLEs. As expected, PLEs were associated with several specific types of 

environmental risk factors, namely measures of urbanicity (i.e., drug offense exposure, less 

perception of neighborhood safety), deprivation (including overall deprivation, rate of 

poverty, fewer years at residence), and lead exposure risk. These associations showed 

evidence of being more strongly associated with PLEs compared to internalizing or 

externalizing symptoms, especially for overall deprivation, poverty, and lead exposure risk 

(see Supplement 1 for additional analyses). Both PLEs and environmental risk factors were 

generally associated with reduced global brain structural metrics, including reduced volume 

and surface area. Further, there was some evidence consistent with brain volume partially 

mediating the association between deprivation (i.e., both rate of poverty and overall 

deprivation), perceptions of neighborhood safety, and lead exposure risk with PLEs.

In terms of associations between PLEs and specific environmental risk factors, consistent 

with the majority of previous work, we found that deprivation and poverty were associated 

with PLEs.42 In addition, fewer years at residence, which may be associated with greater 

residential mobility during childhood, was associated with increased PLEs.43 Consistent 

with previous research,5 we also found an association between increased exposure to crime, 

specifically drug offense exposure, and PLEs. This association may be attributable to several 

factors, including increased stress.44 Lastly, while the current study failed to replicate recent 

findings of an association between air pollution and increased PLEs,3 we found an 

association between PLEs and lead exposure risk. This finding is consistent with previous 

work,11 including a recent commentary on the previous pollution findings suggesting that 

such results might reflect lead exposure.10 Lead exposure risk may be a proxy for unsafe 

environmental conditions leading to stress and thereby leading to PLEs, or lead exposure 

may be associated with PLEs in a negative cascade, whereby increased exposure leads to 
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increased inflammation, leading to a host of negative outcomes (e.g., cognitive impairments, 

distress) and then increased PLEs.11,45 Notably, associations with environmental risk factors 

were not specific to PLEs measuring suspiciousness (Table S3). The current study helps to 

clarify that associations between PLEs with these environmental risk factors remain even 

when accounting for covariates (Figure 1a). However, further work is needed to specify 

exact mechanistic pathways.

Importantly, the current study found evidence that associations between environmental risk 

factors and PLEs exist over and above other markers of psychopathology. First, only PLEs, 

and not internalizing/externalizing symptoms, were significantly associated with increased 

drug offense exposure and increased lead exposure risk, indicating perhaps a unique 

association with PLEs. Furthermore, there was greater evidence for an association between 

PLEs with deprivation and poverty than internalizing/externalizing symptoms. This may 

indicate that poverty is associated with psychopathology in a graded fashion, wherein 

greater deprivation is more strongly associated with more severe forms of psychopathology 

(e.g., increased PLEs). Overall, the current study provides evidence that PLEs are more 

strongly associated with several environmental risk factor metrics, although other 

environmental risk factors (e.g., fewer years at residence, perception of neighborhood safety) 

were not clearly more strongly associated with PLEs than internalizing/externalizing 

symptoms, and therefore may represent more general associations with psychopathology.

The current study was the first study to examine cross-sectional evidence that structural 

neural indices (e.g., volume, area, thickness) mediate associations between environmental 

risk factors and PLEs. Reduced volume (with the exception of hippocampal volume not 

being significantly associated with PLEs) and area metrics were all significantly associated 

with both increased PLEs and increased environmental risk factors. The current study also 

found PLEs were associated with several structural neural metrics (see Supplement 1 for 

regional structural MRI analyses) located in regions implicated in resting state functional 

connectivity networks associated with PLEs in our prior research using the ABCD Study®,46 

perhaps indicating that subtle neural alterations in higher-order cognitive regions may be 

possible mechanisms underlying PLEs. Such findings are also consistent with prior research 

finding exposure to urbanicity, deprivation, and environmental toxins can all have a 

detrimental effect on the developing brain pre-adolescence,15 which may have implications 

for the critical pruning processes occurring during adolescence.22 Importantly, the results 

potentially indicate that global structural brain metrics, and especially volume, may partially 

mediate associations between deprivation (i.e., rate of poverty, overall deprivation, and to a 

lesser extent, years at residence) with PLEs. This supports the theory that one pathway by 

which deprivation is associated with increased psychosis risk is through neural impairments.
47 Interestingly, we found evidence consistent with brain volume partially mediating the 

association between reduced perceptions of neighborhood safety and PLEs. Perception of 

neighborhood safety may be a proxy for perceived stress associated with living in that 

neighborhood, which would be entirely consistent with previous findings regarding 

interrelationships between chronic stress, volume, and psychosis.48 We also found evidence 

consistent with lead risk exposure mediating the associated between reduced cortical volume 

and increased PLEs (and perhaps particularly middle temporal volume, see Supplement 1), 

in line with previous research.17 Overall, these mediation findings are potentially consistent 
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with the notion that underlying pathophysiology in conjunction with exposure to negative 

environments (e.g., urbanicity, poverty, toxins) may in turn further exacerbate 

neurobiological impairments, leading to increased risk for psychosis spectrum symptoms, 

but longitudinal work is needed to generate further evidence.

The current study has a number of limitations. The fact that all measures were collected at 

the ABCD Study® baseline assessment limits the conclusions that can be drawn from the 

current study. It is possible that structural abnormalities were present prior to any 

environmental risk exposure. Along these lines, we were not able to examine exposure prior 

to age 9. Future research should conduct longitudinal analyses to further clarify these 

associations. Next, we do not have information about the degree of each individual’s 

exposure to environmental risk factors (e.g., amount of exposure to drug offenses, exact 

degree of lead exposure, etc.), which again limits the conclusions that can be drawn from 

these analyses and require future research to examine dose-response associations. Third, 

self-report of PLEs were not followed up with a clinical interview, although research 

indicates that self-reported PLEs, even those not confirmed with clinical interview, are still 

clinically relevant and associated with higher rates of psychopathology.49 Fourth, 

associations with other self-reports were in the small-moderate range (βs≤.23), as is 

expected given the non-clinical sample and has been previously found with PLEs in the 

ABCD Study® sample 24. Fifth, a number of participants (n=1546) had missing data and 

therefore were not included in analyses. These participants significantly differed from the 

included participants on a number of measures, including demographics and PLEs. 

However, when including participants with partial data (e.g., data for some environmental 

risk factors but not others), results remained consistent. Lastly, we did not include race/

ethnicity as a covariate, due to the all too frequent confounding of minority status with other 

relevant factors involved in the current study (e.g., deprivation, increased exposure to 

offenses, reduced access to resources).50 Future research should disentangle associations 

between these environmental risk factors and race/ethnicity.

The current research makes an important contribution to understanding the nature of 

associations between environmental risk factors and PLEs, including significant associations 

with exposure to drug offenses, perception of neighborhood safety, overall deprivation, 

poverty, number of years at residence, and lead exposure risk. Furthermore, there is some 

evidence that several of the associations, especially with poverty, overall deprivation, total 

drug offense exposure, and lead exposure risk were more strongly associated with PLEs than 

other psychopathology. Lastly, we found evidence consistent with the possibility that 

structural brain metrics partially mediated associations between both deprivation, 

neighborhood safety, and lead exposure risk with PLEs, which may have important clinical 

implications. Future clinical interventions and public health policies to reduce exposure to 

deprivation, correlates of urbanicity (i.e., reduced perception of neighborhood safety, 

increased exposure to drug offenses), and environmental toxins will be important for 

reducing negative effects of exposure on psychosis risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
1a: Illustration of the types of environmental risk factors, including urbanicity, crime, and 

safety; deprivation; and environmental toxins. The figure also details the covariates used in 

analyses with each of these types of environmental risk factors. 1b: Illustration of the 

hypothesized model whereby structural neural metrics mediate the relationship between 

environmental risk factors and PLEs.
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