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Associations Between Prenatal Cannabis Exposure
and Childhood Outcomes
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IMPORTANCE In light of increasing cannabis use among pregnant women, the US Surgeon
General recently issued an advisory against the use of marijuana during pregnancy.

OBJECTIVE To evaluate whether cannabis use during pregnancy is associated with adverse
outcomes among offspring.

DESIGN, SETTING, AND PARTICIPANTS In this cross-sectional study, data were obtained from
the baseline session of the ongoing longitudinal Adolescent Brain and Cognitive Development
Study, which recruited 11875 children aged 9 to 11 years, as well as a parent or caregiver, from
22 sites across the United States between June 1, 2016, and October 15, 2018.

EXPOSURE Prenatal cannabis exposure prior to and after maternal knowledge of pregnancy.

MAIN OUTCOMES AND MEASURES Symptoms of psychopathology in children (ie, psychotic-like
experiences [PLEs] and internalizing, externalizing, attention, thought, and social problems),
cognition, sleep, birth weight, gestational age at birth, body mass index, and brain structure
(ie, total intracranial volume, white matter volume, and gray matter volume). Covariates
included familial (eg, income and familial psychopathology), pregnancy (eg, prenatal
exposure to alcohol and tobacco), and child (eg, substance use) variables.

RESULTS Among 11489 children (5997 boys [52.2%]; mean [SD] age, 9.9 [0.6] years) with
nonmissing prenatal cannabis exposure data, 655 (5.7%) were exposed to cannabis
prenatally. Relative to no exposure, cannabis exposure only before (413 [3.6%]) and after
(242 [2.1%]) maternal knowledge of pregnancy were associated with greater offspring
psychopathology characteristics (ie, PLEs and internalizing, externalizing, attention, thought
and, social problems), sleep problems, and body mass index, as well as lower cognition and
gray matter volume (all |3] > 0.02; all false discovery rate [FDR]-corrected P < .03). Only
exposure after knowledge of pregnancy was associated with lower birth weight as well as
total intracranial volume and white matter volumes relative to no exposure and exposure
only before knowledge (all |B| > 0.02; all FDR-corrected P < .04). When including potentially
confounding covariates, exposure after maternal knowledge of pregnancy remained
associated with greater PLEs and externalizing, attention, thought, and social problems

(all B > 0.02; FDR-corrected P < .02). Exposure only prior to maternal knowledge of
pregnancy did not differ from no exposure on any outcomes when considering potentially
confounding variables (all |3] < 0.02; FDR-corrected P > .70).

CONCLUSIONS AND RELEVANCE This study suggests that prenatal cannabis exposure and
its correlated factors are associated with greater risk for psychopathology during middle
childhood. Cannabis use during pregnancy should be discouraged.
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longside increasingly permissive sociocultural atti-

tudes and laws surrounding cannabis,! past-month can-

nabis use among pregnant US women increased by
106% from 2002 (3.4%) to 2017 (7.0%).? Tetrahydrocannabi-
nol (THC), the psychoactive component of cannabis, crosses
the placenta and interfaces with the endocannabinoid sys-
tem, which is associated with neural development.>-> Thus, it
is plausible that cannabis use during pregnancy may relate to
outcomes in offspring. The increase of cannabis use among
pregnant mothers,?°® as well as evidence linking prenatal
exposure to adverse outcomes,®'* prompted the US Surgeon
General to release an advisory against cannabis use during
pregnancy and breastfeeding on August 29, 2019.14

To our knowledge, there have been relatively few investiga-
tions of prenatal cannabis exposure and child outcomes. Avail-
able evidence has linked exposure to reduced birth weight®
and cognition,'®” as well as heightened risk for premature
birth,'® psychopathology (ie, psychosis, internalizing, and
externalizing),'®! and sleep problems.?? However, limited cross-
study replication?**° and an inability to account for potential
confounders (eg, child substance use and familial risk) in most
studies has left these associations tenuous. Indeed, the National
Academies of Sciences, Engineering, and Medicine recently con-
cluded that only reduced birth weight has been robustly linked
to prenatal cannabis exposure.'

Using data from the Adolescent Brain Cognitive Develop-
ment (ABCD) Study (data release 2.0.1) of 11 875 children, we
test whether prenatal cannabis exposure before and after ma-
ternal knowledge of pregnancy is associated with psychopa-
thology (ie, internalizing, externalizing, attention, thought, and
social problems, as well as psychotic-like experiences [PLEs]),
sleep, cognition, birth weight, premature birth, body massin-
dex (BMI), and gross brain structure (ie, white matter volume
[WMYV], gray matter volume [GMV], and intracranial volume
[ICV]). This study represents a comprehensive extension of a
prior investigation of prenatal cannabis exposure and PLEs
among the initial ABCD Study data release (N = 4361).2° Can-
nabis use during the lifetime is associated with various psy-
chosocial and familial correlates.! In addition, from a neurode-
velopmental perspective, endocannabinoid receptors are not
expressed in the fetus until 5 to 6 weeks’ gestation,®2”-28 which
approximately corresponds to when, in this study, mothers
learned they were pregnant (mean [SD], 6.9 [6.8] weeks). Thus,
we hypothesized that any observed associations with canna-
bis exposure only before maternal knowledge of pregnancy
would be dependent on potential confounders (eg, socioeco-
nomic status and familial history of psychopathology). How-
ever, we expected that associations with maternal use of can-
nabis after knowledge of pregnancy would partially capture
cannabis-specific associations and therefore persist even on
inclusion of potentially confounding covariates.

Methods

Participants
Data for this cross-sectional study were collected between June
1,2016, and October 15, 2018, from children born between 2005
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Key Points

Question Is prenatal exposure to cannabis associated with child
outcomes?

Findings This cross-sectional analysis of 11489 children (655
exposed to cannabis prenatally) found that prenatal cannabis
exposure after maternal knowledge of pregnancy was associated
with greater psychopathology during middle childhood, even
after accounting for potentially confounding variables.

Meaning Prenatal cannabis exposure may increase risk for
psychopathology; consistent with recent recommendations by
the Surgeon General of the United States, these data suggest that
cannabis use during pregnancy should be discouraged by clinicians
and dispensaries.

and 2009 to 9987 mothers through 10 801 pregnancies, who
completed the baseline session of the ongoing longitudinal
ABCD Study (release 2.0.1; https://abcdstudy.org/).2° The study
includes a family-based design in which twin (n = 2108), trip-
let (n = 30), nontwin siblings (n = 1589), and singletons
(n = 8148) were recruited. All parents or caregivers (10 131 of
11875 biological mothers [85.3%]) provided written in-
formed consent and children provided verbal assent to a re-
search protocol approved by the institutional review board at
each data collection site (n = 22) throughout the United States
(https://abcdstudy.org/sites/abcd-sites.html). All analyses were
rerun excluding parent or caregiver respondents who were not
the mother; all results and conclusions remained the same;
eTable 12 in the Supplement. For our analyses, participants with
nonmissing prenatal cannabis exposure data were included
(n = 11489; Table 1). This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Measures

All measures are described in the eMethods in the Supplement
and Table 1. Child prenatal cannabis exposure was based on
parent or caregiver retrospective report. Three mutually ex-
clusive groups were formed: no exposure (n = 10 834), expo-
sure prior to maternal knowledge of pregnancy only (n = 413),
and exposure after maternal knowledge of pregnancy (n = 242,
with or without exposure prior to maternal knowledge).

The Prodromal Questionnaire-Brief Child Version>°-*! total
score was used to assess child-reported PLEs. Higher scores
indicate more PLEs.

The Child Behavior Checklist®? was used to assess broad-
spectrum internalizing and externalizing problems as well as
attention, thought, and social problems in children according
to parent or caregiver report. Higher scores are reflective of
more problems.

The National Institutes of Health Toolbox Cognition
Battery-Total Cognition Composite*? indexed child cognitive
ability. Higher scores indicate greater cognitive performance.

The Sleep Disturbance Scale for Children3* total score
was used to assess sleep problems in children according to
parent or caregiver report. Higher scores reflect more sleep
problems.
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Table 1. ABCD Study Sample Characteristics®

No. (%)
Prenatal cannabis Prenatal cannabis
exposure after exposure before No prenatal
knowledge of knowledge of cannabis
pregnancy pregnancy exposure Total
Variable (n=242) (n =413) (n=10834) (N =11489)
Child variables
Age, mean (SD), y 9.8 (0.6) 9.9(0.6) 9.9(0.6) 9.9 (0.6)
Girls (n = 11 486) 131 (54.1) 194 (47.0) 5164 (47.7) 5489 (47.8)
Race/ethnicity®
White 144 (59.5) 242 (58.6) 8203 (75.7) 8589 (74.8)
Black 110 (45.4) 172 (41.7) 2094 (19.3) 2376 (20.7)
Asian 5(2.1) 13 (3.2) 692 (6.4) 710 (6.2)
Pacific Islander 1(0.4) 5(1.2) 63 (0.6) 69 (0.6)
Native American 14 (5.8) 17 (4.1) 3.13(3.2) 374 (3.3)
Hispanic 34 (14.1) 89 (21.6) 2215(20.4) 2338(20.4)
Other 8(3.3) 34(8.2) 722 (6.7) 764 (6.7)
Child lifetime substance
exposure
Has tried alcohol 52 (21.5) 113 (27.4) 2417 (22.3) 2582 (22.5)
(n=11482)
Has tried tobacco 10 (4.1) 12 (2.9) 98 (0.9) 120 (1.1)
(n=11482)
Has tried marijuana 3(1.2) 2 (0.5) 9(0.1) 14 (0.1)
(n=11482)
Pregnancy and family
variables
Unplanned pregnancy 170 (70.3) 111 (26.9) 3865 (35.7) 4336 (37.7)
(n=11377)
Maternal age at birth, 25.3(6.4) 25.4(5.9) 29.7 (6.1) 29.5(6.2)
mean (SD), y
(n=11336)
Prenatal vitamin use 178 (73.6) 392 (94.9) 10172 (93.9) 10742 (93.5)
(n=11236)
Week learned pregnancy, 8.3(7.4) 7.8 (6.5) 6.9 (6.7) 6.9 (6.8)
mean (SD) (n = 10375)
Maternal education, 13.7 (2.0) 14.3(2.2) 15.3(2.6) 15.2 (2.6)
mean (SD), y
(n=10974)
Household income
(n=10507), $
<49999 136 (56.2) 204 (49.4) 2764 (25.5) 3104 (27.0)
50000-74999 32(13.2) 54 (13.1) 1368 (12.6) 1454 (12.7)
75000-99 999 29(12.0) 37 (9.0) 1445 (13.3) 1511 (13.2)
100000-199999 21(8.7) 60 (14.5) 3136 (29.0) 3217 (28.0)
>200000 2(0.8) 21(5.1) 1198 (11.1) 1221 (10.6)
Family history of
psychopathology©
Psychosis (n = 11 205) 15(6.2) 23 (5.6) 223 (2.1) 261 (2.3)
Depression (n = 11 329) 139 (57.4) 194 (47.0) 3280 (30.3) 3613 (31.5)
Anxiety (n = 11 150) 58 (24.0) 101 (24.5) 1216 (11.2) 1375 (12.0)
Antisocial behavior 123 (50.8) 151 (36.6) 1146 (10.6) 1421 (12.4)
(n=11320)
Mania (n = 11138) 47 (19.4) 46 (11.1) 493 (4.6) 586 (5.1)
Prenatal substance
exposure before knowing
of pregnancy
Alcohol (n = 11072) 135 (55.8) 255 (61.7) 2391 (22.1) 2781(24.2)
Tobacco (n = 11430) 59 (65.7) 230 (55.7) 1117 (10.3) 1506 (13.1)
Cannabis 235(97.1) 413 (100) 0 648 (5.6)
(continued)
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Table 1. ABCD Study Sample Characteristics® (continued)

Abbreviations: ABCD, Adolescent

No. (%)

Brain and Cognitive Development;
BMI, body mass index (calculated as

Prenatal cannabis Prenatal cannabis

weight in kilograms divided by height

exposure after exposure before No prenatal in meters squared); CBCL, Child
knowledge of knowledge of cannabis Total Behavior Checklist; SDSC, Parent
pregnancy pregnancy exposure ota . f
Variable (n =242) (n = 413) (n=10834) (N = 11 489) Sleep Disturbance Scale for Children.
@ Data included in analyses were
Prenatal substance :
exposure after knowing required to have a response of yes
of pregnancy or no for maternal report of using
Alcohol (n = 11 446) 63 (26.0) 13(3.2) 214 (2.0) 290 (2.5) cannabis prior to and after
knowledge of pregnancy. All
Tobacco (n = 11 458) 114 (47.1) 60 (14.5) 392 (3.6) 566 (4.9) variables reflect measures assessed
Cannabis 242 (100) 0 0 242 (2.1) during the baseline session when
. . children were a mean (SD) age of
Child primary outcomes N
of interest, mean (SD) 99 (O.G)hyelalr;. In70l.il1r_ladnalytlch
Psychotic-like 3.58 (4.0) 3.17(3.7) 2.57 (3.5) 2.61(3.5) approach, 8 dft o
experiences (n = 11 477) were exposed to cannabis prior to
. maternal knowledge of pregnancy
Internalizing symptoms 7.83(7.4) 6.41 (6.1) 4.88(5.4) 5.00 (5.5) were also coded as having prenatal
per CBCL (n = 11483) ;
= exposure prior to maternal
Externalizing symptoms 10.06 (9.2) 6.44 (7.4) 4.13 (5.5) 4.34(5.7) knowledge. The estimates reported
per CBCL (n = 11483) . i
. above refer to the nonwinsorized
Attention symptoms 5.53(4.3) 4.23 (4.0) 2.80(3.4) 2.91(3.4) versions of each variable (refer to
el L = L) the eMethods in the Supplement for
Thought symptoms 3.28(3.4) 2.24(2.8) 1.53(2.1) 1.59(2.2) descriptive information of the
per CBCL (n = 11483) winsorized data). Brain metrics
Social symptoms 3.4(.2) 2.3(2.7) 1.5(2.2) 1.6(2.3) were scaled by dividing each value
per CBCL (n = 11 483) by the SD.
Cognition coTposite 81.7 (8.6) 84.6 (9.4) 86.5(9.1) 86.3(9.1) ® Race/ethnicity variables were coded
(= 11 28 as non-mutually exclusive
Sleep problems 41.9(13.5) 38.9(9.8) 36.1(8.1) 36.4(8.4) dichotomous variables: as such,
per SDSC (n = 11489) these numbers do not sum to 100%
BMI (n = 11462) 20.7 (5.9) 19.7 (4.3) 18.8 (4.2) 18.8 (4.2) as participants could be included in
Birth weight, oz 108.8 (23.8) 112.6 (22.6) 112.3(23.4) 112.2(23.4) multiple categories.
(n=11113) € Family history of depression,
Gestational age at 39.3(1.8) 39.2(2.1) 39.1(2.2) 39.1(2.9) psychosis, mania, antisocial
birth, wk (n = 11414) behavior, and anxiety among
Total intracranial volume, 9.9(0.9) 10.1(0.9) 10.2 (1.0) 10.2 (1.0) first-degree relatives. Psychotic-like
mm?3 (n = 11024) experiences were measured by the
Total white matter 8.7 (1.0) 8.9(1.1) 9.0 (1.0) 9.0 (1.0) Prodromal Questionnaire-Brief
volume, mm? Child Version total score.
=My d Cognition composite was assessed
Total gray matter volume, 10.0(0.9) 10.2 (1.0) 10.4 (1.0) 10.4 (1.0)

mm?> (n = 11021)

using the National Institutes of
Health Toolbox.

A parent or caregiver retrospectively reported their child’s
gestational age at birth and birth weight. Child BMI was cal-
culated using measured height and weight.

FreeSurfer, version 5.3° was used to estimate total ICV,
GMYV, and WMV. See the eMethods in the Supplement for
imaging acquisition and processing.>¢3°

Covariates

The following fixed-effect covariates were dummy coded: race/
ethnicity (White, Black, Asian, Native American, PacificIslander,
Hispanic, and other), first-degree familial history of psychopa-
thology (depression, psychosis, anxiety, mania, and antisocial
behavior), prenatal exposure to tobacco or alcohol before or
after maternal knowledge of pregnancy, unplanned pregnancy,
prenatal vitamin use, child had tried alcohol, child had tried
tobacco, child sex, and twin or triplet status. Annual household
income was treated as a 5-level categorical variable. The follow-
ing continuous covariates were included: birth weight, mater-
nal age at birth, gestational age when pregnancy was discovered
(weeks), child age, and maternal educational level. These vari-

JAMA Psychiatry Published online September 23,2020

ables were reported by caregivers. Intracranial volume was fur-
therincluded as a covariate in models with GMV and WMV as out-
comes. Polygenic scores (PGS) for schizophrenia, educational
attainment, and cannabis use as well as ancestrally informative
principal components (n = 10) were included as covariates in post
hocanalyses within the genomically confirmed European ances-
try subsample (eMethods in the Supplement). Owing to limited
endorsement of ever having a marijuana puff among children
(n = 14), we did not include this variable as a covariate.

Uncommon substance use among children (ie, use other
than trying alcohol or tobacco [eg, having a marijuana puff or
a full alcoholic drink]) or by women while they were preg-
nant as well as extreme premature birth (ie, <32 weeks) and
nonbiological mother caregiver report were not included as co-
variates. Post hoc analyses excluded individuals based on these
variables (eMethods in the Supplement).

Statistical Analysis
Individual values on continuous predictor and outcome vari-

ables were winsorized (to 3 SD) to minimize the influence of
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extreme values. We used linear mixed-effects models with ran-
dom intercept parameters to account for site and family mem-
bership for all analyses with the Ime4 package in R, version
3.6.0 (R Project for Statistical Computing).*° We examined the
association between prenatal cannabis exposure and out-
comes using 3 analytic approaches.

First, we tested whether mutually exclusive prenatal can-
nabis exposure groups were associated with outcomes of in-
terest in nested mixed models with no fixed-effect covariates
with the following orthogonal contrasts: (1) exposure after ma-
ternal knowledge of pregnancy vs no exposure, (2) exposure
only before maternal knowledge of pregnancy vs no expo-
sure, and (3) exposure after vs only before maternal knowl-
edge of pregnancy. Benjamini-Hochberg false discovery rate
(FDR) correction was used to adjust for testing multiple phe-
notypes within each group contrast (14 tests). Second, we ex-
amined whether any associations that were significant after
multiple testing correction were robust to the inclusion of
potentially confounding covariates (equations are illustrated
in the eMethods in the Supplement), using FDR correction to
adjust for multiple testing within each group contrast (13 tests).
Third, to account for possible confounding associations of
genomic liability with offspring outcomes not accounted for
by familial history, we examined associations when account-
ing for child PGS for related outcomes (eMethods in the
Supplement).*! To ensure that effect-size changes could not
be attributed to reduced sample size alone, we first recom-
puted covariate-adjusted associations in the genomically con-
firmed European ancestry subsample (n = 4591). We then
tested whether any significant estimates (P < .05 for any con-
trast) were altered by inclusion of PGS (ie, schizophrenia,*? edu-
cational level,** and cannabis use** for PLEs; and cannabis use
for social problems; eMethods in the Supplement). Post hoc
sensitivity analyses of nonmutually exclusive dummy vari-
ables entered into regressions simultaneously and inverse prob-
ability propensity score weighting were used to test whether
observed associations were robust to analytic alternatives to
our mutually exclusive group approach and use of covariates,
respectively (eMethods in the Supplement). All P values were
from 2-sided tests and results were deemed statistically sig-
nificant at FDR-corrected P < .05.

. |
Results

Among 11489 children (5997 boys [52.2%]; mean [SD] age,
9.9[0.6] years; 8589 of 11 489 White [74.8%]), 655 (5.7%) were
prenatally exposed to cannabis (Table 1). Of these, 413 were
exposed only before maternal knowledge of pregnancy, 235
were exposed both before and after maternal knowledge, and
7 were exposed only after maternal knowledge. Mothers
learned of their pregnancy at a mean (SD) of 6.9 (6.8) weeks.
Rates of tobacco and alcohol use during pregnancy were higher
than cannabis use and were modestly correlated with prena-
tal cannabis exposure (tobacco, 1519 0of 11489 [13.2%]; 7 = 0.34;
and alcohol, 2820 of 11489 [24.5%]; r = 0.20). Data on fre-
quency of cannabis use during pregnancy were collected;
however, high rates of missingness (eg, 20%-38%) and non-

jamapsychiatry.com

Original Investigation Research

specific item wording (“how many times per day”) preclude
meaningful analyses. Of those with reported data, 87.0% of
those in the exposure only before maternal knowledge group
(287 of 330) and 92.7% of those in the exposure after mater-
nal knowledge group (140 of 151) reported using cannabis at
least once per day; groups did not differ in reported fre-
quency of use during pregnancy (t = 0.43; P = .67).

Prenatal Cannabis Exposure

and Outcomes Without Covariates

Before covariate adjustment, prenatal cannabis exposure only
before and after maternal knowledge of pregnancy were as-
sociated with higher PLEs, BMI, and internalizing, external-
izing, attention, thought, social, and sleep problems, as well
as lower cognition and GMYV, relative to no prenatal exposure
(all|B| > 0.02; all FDR-corrected P < .03; Table 2). Prenatal ex-
posure after, but not before, maternal knowledge of preg-
nancy was also associated with lower birth weight, ICV, and
WMV when compared with those with no prenatal exposure
(all IBl > 0.07; all FDR-corrected P < .002; Table 2). Compar-
ing groups with prenatal exposure revealed that exposure af-
ter maternal knowledge of pregnancy was associated with
relatively higher psychopathology across all measures, BMI,
sleep problems, lower cognition, birth weight, ICV, GMV, and
WMV (all |B] > 0.02; all FDR-corrected P < .05; Table 2). Pre-
natal cannabis exposure explained less than 1.9% of variance
in outcomes.

Association of Prenatal Cannabis Exposure
and Outcomes With Covariates
When including covariates, exposure after knowledge of preg-
nancy remained associated with higher PLEs as well as exter-
nalizing, attention, thought, and social problems relative to
those with no reported prenatal exposure and those with
exposure only before maternal knowledge of pregnancy (all
IBl > 0.02; all FDR-corrected P < .02; Figure and Table 3;
eTables 1-7 in the Supplement). These associations explained
less than 0.4% of variance in outcomes. Full regression re-
sults are provided in eTables 1, 2, and 3 in the Supplement.
While they did not survive FDR correction, exposure after ma-
ternal knowledge was also associated with greater internaliz-
ing problems and reduced birth weight relative to both other
groups at nominal/marginal levels of significance (all |B| > 0.02;
all P < .064; all FDR-corrected P < .12) as well as reduced cog-
nition relative to exposure only before maternal knowledge
(B = -0.023; P = .043; FDR-corrected P = .07; Figure and
Table 3). Of note, effect sizes (ie, B coefficients) for group dif-
ferences when comparing prenatal cannabis exposure after
knowledge with either no exposure or exposure only before
knowledge of pregnancy were roughly equivalent (Table 3). No
group differences were found when comparing prenatal can-
nabis exposure before maternal knowledge of pregnancy with
no exposure. Generally, no small group of covariates was re-
sponsible for attenuating these associations (eResults in the
Supplement).

Post hoc analyses excluding children who engaged in un-
common substance use, who were exposed to other illicit
substances prenatally, who were born at extreme levels of
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Figure. Association of Prenatal Cannabis Exposure After Maternal Knowledge of Pregnancy

With Risk of Adverse Childhood Outcomes
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prematurity (eMethods in the Supplement), or whose biologi-
cal mothers were not the parent or caregiver respondent re-
vealed consistent findings (eTables 9-12 in the Supplement).
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A, Psychotic-like experiences.

B. Internalizing problems.

C, Externalizing problems.

D, Attention problems. E, Thought
problems. F, Social problems.

G, Cognition. H, Birth weight. Raw
data values are plotted. As scales
differ, y axes are not directly
comparable across panels. Vertical
lines indicate SEs. Statistics are
presented in Table 2 and Table 3 and
eTables 1and 2 in the Supplement.
Log-transforming data reduce
differences in variability across
groups and results in similar
conclusions (eTable 4 in the
Supplement). CBCL indicates Child
Behavior Checklist.

2 P < .05 only before false discovery
rate correction.

®False discovery rate-corrected
P <.05.

Log-transforming outcomes or including only covariates
significantly associated with outcomes in the full regression
models did not meaningfully alter any observed associations
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(eTables 4-7 and 12 in the Supplement). Five-fold cross-
validation suggests that inclusion of all covariates did not ap-
preciably alter the stability of 3 coefficient estimates. This find-
ing suggests that our primary analytic approach did not alter
[ estimates by overfitting these data (eMethods and eTable 8
in the Supplement). Finally, in the subsample of children with
genomically confirmed European ancestry (181 of 4591 [3.9%]
reporting any prenatal exposure), PLEs and social problems
remained more associated with exposure after maternal knowl-
edge of pregnancy. Further accounting for child PGS for schizo-
phrenia, educational level, and/or cannabis use did not sub-
stantively alter the findings (eTables 13-16 in the Supplement).

Sensitivity Analyses

Asprenatal exposure after maternal knowledge, regardless of
contrast group (ie, no exposure or exposure only before ma-
ternal knowledge), was associated with outcomes (Table 3), we
conducted regression analyses with prenatal exposure coded
as 2 nonmutually exclusive exposure variables (ie, any expo-
sure before or after knowledge) and the results remained un-
changed. To account for possible imbalance in covariate dis-
tributions across exposed and unexposed individuals, we also
conducted inverse probability propensity score-weighted
analyses, which also broadly recapitulated the conclusions
reported above (eTables 17-20 in the Supplement).

|
Discussion

This study suggests that prenatal cannabis exposure after
maternal knowledge of pregnancy is associated with a small
elevation in risk for psychopathology during childhood (Table 2
and Table 3). That these associations were robust to the inclu-
sion of potentially confounding variables increases the plau-
sibility that prenatal cannabis exposure may be indepen-
dently associated with psychopathology risk in children. In
contrast to increasingly permissive attitudes surrounding can-
nabis use among pregnant mothers*® and suggestions by dis-
pensaries to use cannabis to combat pregnancy-related
nausea,*® our findings align with recent recommendations by
the US Surgeon General'* regarding the potential association
of in utero cannabis exposure with outcomes in children.

All studied outcomes except gestational age at birth were
associated with prenatal exposure before and after maternal
knowledge of pregnancy relative to no exposure; however, only
associations between prenatal exposure after maternal knowl-
edge of pregnancy and child psychopathology were robust to
covariate inclusion, with birth weight and sleep problems
showing nonsignificant nominal trends (Table 3). Effect size
estimates were largely overlapping when contrasting prena-
tal exposure after maternal knowledge of pregnancy vs no pre-
natal exposure and vs prenatal exposure before maternal
knowledge of pregnancy (Table 3); regression analyses of pre-
natal exposure after knowledge of pregnancy vs no exposure
after knowledge (ie, no exposure and exposure only before
maternal knowledge of pregnancy) produced equivalent
findings (eTable 18 in the Supplement). Collectively, these find-
ings suggest that prenatal exposure after maternal knowl-
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edge of pregnancy may plausibly be independently associ-
ated with child outcomes, while associations with exposure
only before maternal knowledge of pregnancy may be attrib-
utable to confounding variables, such as familial and preg-
nancy-related factors correlated with cannabis use and/or
offspring outcomes.

There are several potential explanations for the overall pat-
tern of findings. First, endocannabinoid system ontogeny may
play arole. Animal models suggest that endocannabinoid type
1receptors (CB,Rs) are critical for THC’s impact on the devel-
oping brain*” and are not expressed before the equivalent of
5 to 6 weeks’ gestation in humans.® Independent associa-
tions of cannabis with child behavioral outcomes may arise only
when sufficient CB,;Rs are present in the fetus, which may not
occur until many women learn they are pregnant. It is pos-
sible that exposure before this time might not have a direct as-
sociation with fetal brain development, although it remains
possible that there may be indirect associations through en-
docannabinoid receptor expression in the placenta.*® Exclud-
ing women who reported only using cannabis prior to knowl-
edge of pregnancy but learning of their pregnancy at more than
14 weeks’ or more than 9 weeks’ gestation produced consis-
tent results (eTables 21 and 22 in the Supplement). Second, use
of cannabis despite knowledge of pregnancy might represent
a preexisting and more severe form of cannabis use (eg, can-
nabis use disorder), indicative of greater prenatal and poten-
tial postnatal exposure (eg, through breastfeeding).*® Third,
sustained cannabis use during pregnancy may reflect a pre-
disposition to the observed negative outcomes (eg, socioeco-
nomic status and genetic susceptibility).>°->! However,
controlling for such factors did not eliminate associations
(eTables 2, 3, 13, and 14 in the Supplement). Fourth, associa-
tions may be attributable to an unmeasured common vari-
able (eg, paternal germline exposure to cannabis, health care
access, or postpartum maternal behavior)>2->3 or an alterna-
tive derivation of an included confounder. Accounting for
scores from a 4-item assessment of PLEs in mothers (eMethods
in the Supplement) as opposed to familial history of psycho-
sis, which has a low rate of report, does not alter the signifi-
cance of the association between prenatal cannabis exposure
and PLEs in offspring (eTable 23 in the Supplement).

Chronic self-administration of cannabis during adoles-
cence hasbeen linked to increased psychopathology, particu-
larly psychosis.>* In contrast to acute THC psychotomimetic
effects,>® mounting evidence supports common genetic liabil-
ity as a major factor in this association,**>*-56>8 although po-
tential bidirectional*#1->%-¢! causal effects cannot be ruled out.
Consistent with prior work,?! we find that child psychosis
liability (ie, PLEs and thought problems) is modestly higher
among children prenatally exposed to cannabis after mater-
nal knowledge of pregnancy. That the association with PLEs
remained after accounting for family history of psychosis as
well as child PGS suggests that this association may not be en-
tirely attributable to common genomic liability, as indexed by
PGS and family history. Putative mechanisms underlying
psychosis liability in children prenatally exposed to cannabis
may be distinct from those associated with self-administered
cannabis use. For instance, CB,Rs have neuromodulatory func-
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tions throughout life, but during the prenatal period they are
ubiquitously expressed in neural progenitors and contribute
to neural migration, axonal elongation, and synaptic
formation.® Although abnormalities in these neural pro-
cesses are consistent with neurodevelopmental theories of
psychosis,®? the associations we observed with metrics of gross
brain morphologic characteristics were not robust to covari-
ate inclusion. It is possible that neurodevelopmental differ-
ences (eg, synaptic formation) are not detectable using mag-
netic resonance imaging, are regionally specific, or emerge at
different developmental stages.

In addition to associations with PLEs and thought prob-
lems, children prenatally exposed to cannabis after maternal
knowledge of pregnancy had elevated externalizing, atten-
tion, and social problems. Prenatal exposure to alcohol and
tobacco were also associated with psychopathology in off-
spring, but these associations were predominantly with
exposure prior to, as opposed to after, maternal knowledge of
pregnancy and were observed inconsistently relative to asso-
ciations with cannabis exposure (eTables 1and 2 in the Supple-
ment). The lack of association with alcohol or tobacco use sub-
sequent to knowledge of pregnancy may indicate the more
pronounced public awareness of fetal risks and obstetric over-
sight of the use of these substances that is associated with
greater reductions in use after knowledge of pregnancy, rela-
tive to cannabis,®®? as well as phenotypic heterogeneity en-
compassed by our dichotomous phenotypes. Alternatively, pre-
natal cannabis exposure may serve as a proxy for exposure to
a permissive home environment that promotes externalizing
behaviors and related cognitive disengagement.®* As has been
shown for the increased likelihood of tobacco smoking dur-
ing pregnancy in women with attention-deficit/hyperactiv-
ity disorder and the confounding of consequent associations
with attention-deficit/hyperactivity disorder in offspring,®>”
women with externalizing features might be more likely to con-
tinue using cannabis during their pregnancy. Although our con-
sideration of covariates suggests potential independent asso-
ciations of cannabis with these outcomes, genetically informed
designs (eg, sibling crossover design where nontwin siblings
are discordant for prenatal exposure)®®°° would be a useful
approach to consider familial sources of confounding.”®

Limitations

Some limitations of this study are noteworthy. First, parents
or caregivers retrospectively reported on cannabis use
during pregnancy that occurred approximately 10 years ear-
lier, which may have resulted in biased reporting and
misclassification.” For example, retrospective report of sub-
stance use during pregnancy 14 years earlier has been found
to be more common than antenatal report and more strongly
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correlated with child outcomes (eg, measured birth weight and
behavioral problems).”* Although these findings may indi-
cate greater accuracy during retrospective recall, they could
also reflect recall bias related to children contemporaneously
experiencing problems. However, ABCD Study prevalence
estimates of self-reported prenatal cannabis use align with
toxicology-based prevalence estimates from national data
sets collected during the years these children were born.”?
Second, although the ABCD Study is, to our knowledge,
the largest integrative study of child health and substance use
and among the largest studies of prenatal exposure and child
outcomes (the number of exposed children exceeded entire
samples from other studies),?! there was a proportionally small
number of participants who were exposed to cannabis prena-
tally, thereby reducing power. Third, THC concentration dif-
fers between fetuses whose mothers use cannabis once per
month compared with once per day.'” There are limited or no
data on potency, frequency (see Results), timing, or quantity
of cannabis exposure in this data set. It will be important for
future efforts to better understand the impact of dosage, strain,
and method of ingestion.” Fourth, while we were able to ac-
count for many known familial, pregnancy-related, and child-
related confounding variables, the role of unmeasured con-
founders cannot be discounted. Relatedly, while we account
for underlying genetic vulnerability using both familial his-
tory and PGS, it is possible that the current genome-wide as-
sociation studies from which PGS weighting was estimated do
not adequately represent genetic risk for the specific child out-
comes under study (eTables 15 and 16 in the Supplement).

. |
Conclusions

Despite increasingly permissive social attitudes and the marked
relaxation of legal restrictions on cannabis use,! prenatal can-
nabis exposure and the correlated risks that it indexes may place
offspring at increased risk for psychopathology in middle child-
hood. In the context of increasing cannabis use among preg-
nant women, > it is clear that more studies on the association
between prenatal cannabis exposure and offspring develop-
mental outcomes are needed to examine potential causal
effects, moderating or protective factors, and biological
mechanisms.”*7> Similar to the effective messaging surround-
ing the adverse consequences of alcohol and tobacco exposure
during pregnancy, education regarding the potential harms
associated with prenatal cannabis use is necessary. Currently,
pregnant women, and even those contemplating pregnancy,
should be discouraged from using any cannabis by health care
professionals, dispensaries, and others; women refraining from
cannabis use during pregnancy may benefit offspring.'14
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