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Objective: Conflicting results have arisen regarding the association between prenatal cannabis exposure and risk of parent-reported developmental
delay in infancy. In certain instances, this literature has become outdated or failed to adjust for confounding variables. The current study aimed to
determine if prenatal cannabis exposure was associated with a greater likelihood of risk of parent-reported developmental delay at 12 months of age in a
contemporary cohort, while adjusting for common confounding variables.

Method: Participants (n ¼ 10,695) were part of the Pregnancy During the COVID-19 Pandemic (PdP) study. A subset of the sample (n ¼ 3,742)
provided a parent-report developmental assessment, the Ages and Stages Questionnaire, Third Edition (ASQ-3), of their infant at 12 months old.
Sociodemographic differences between participants who reported cannabis use (CUþ group) and those who did not (CU� group) were analyzed. To
address potential heterogeneity between CUþ and CU� groups, propensity score weighting was used. G-computations were performed to analyze the
association between outcome variables (gestational age, birth weight, and risk of parent-reported developmental delay) and prenatal cannabis exposure.
Weighted linear or quasi-binominal logistic regression models were used, with differences of averages and odds ratios reported.

Results: Participants in CUþ and CU� groups significantly differed on all sociodemographic variables. Prenatal cannabis exposure was not associated with
any birth outcomes (ps> .05). Prenatal cannabis exposure was significantly associated with risk of parent-reported developmental delay on the communication
domain (p ¼ .02). This finding was not significant after adjusting for multiple comparisons. No additional domains were significantly associated (ps > .05).

Conclusion: Prenatal cannabis exposure was associated with increased odds of delay on the communication domain before adjusting for multiple
comparisons. No other domains were significantly associated with increased odds of delay. These findings should not be interpreted as suggesting that
consuming cannabis products during pregnancy is safe for infant development. Further, the analysis was performed using data from a longitudinal
sample that was not specifically created to address this question, but was leveraged to explore these outcomes. Additional studies that are specifically
designed to examine these outcomes are needed.

Plain language summary: Prior research has been conflicting regarding the link between prenatal cannabis exposure and developmental delays.
Secondary analysis of data from the cross-Canada Pregnancy During the COVID-19 Pandemic (PdP) study showed significant sociodemographic
differences between individuals who did and did not use cannabis during pregnancy. However, prenatal cannabis exposure was not associated preterm
birth or birth weight. Prenatal cannabis exposure was nonsignificantly associated with risk of parent-reported delays in communication. Future research
should address these questions and include considerations of quantity of cannabis used.

Diversity & Inclusion Statement: We worked to ensure that the study questionnaires were prepared in an inclusive way. We worked to ensure race,
ethnic, and/or other types of diversity in the recruitment of human participants. The author list of this paper includes contributors from the location and/or
community where the research was conducted who participated in the data collection, design, analysis, and/or interpretation of the work. One or more of
the authors of this paper self-identifies as a member of one or more historically underrepresented sexual and/or gender groups in science.
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annabis, commonly known as marijuana, is a
controlled substance that is consumed worldwide
for medicinal (ie, to treat medical symptoms) and
recreational (ie, for pleasure, amusement, spiritual, or life-
style reasons) purposes.1,2 Approximately 192 million peo-
ple report using cannabis worldwide, rendering cannabis the
third most consumed drug, after alcohol and tobacco.2

Despite warnings from governing health bodies advising
against the use of cannabis products during preconception,
open.org
pregnancy, and breastfeeding, cannabis continues to be
consumed by some pregnant women.3–7 Pregnant women
commonly report using cannabis for medical purposes, such
as treating symptoms of nausea and vomiting associated
with pregnancy,8–11 with some viewing cannabis as an
alternative to prescription medications that treat nausea.10

Additional reasons for consuming cannabis during preg-
nancy include lack of appetite, pain, insomnia, fatigue,
stress relief, and symptoms of anxiety and depression.9,11,12
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PRENATAL CANNABIS USE AND RISK OF DEVELOPMENTAL DELAY
The use of cannabis to treat symptoms of stress, anxiety,
and depression may be related to inadequate access to high-
quality mental health care for some perinatal women,
potentially highlighting a broader societal issue that war-
rants further investigation.

Approximately 2% to 5% of individuals self-report
cannabis use (CU) during pregnancy; however, this statis-
tic likely underestimates actual use.8,13 Recent estimates of
prenatal CU across North America also suggest that the
prevalence of use is increasing, with a recently published
systematic review suggesting that legalization is likely asso-
ciated with increases in use.14 National reports of use
among pregnant women in the United States have signifi-
cantly increased, rising from 3.4% in 2002/2003 to 7.0% in
2016/2017.15 In a Canadian population-based study, 6.5%
of participants between the ages of 15 and 24 reported using
cannabis during their pregnancy, significantly increasing
from the 4.9% who reported use in 2012.4

The average concentration of tetrahydrocannabinol in
seized cannabis samples has also substantially increased over
time, from 8.9% in 2008 to 17.1% in 2017.16 Further,
analysis of cannabis products sold legally found that the
average tetrahydrocannabinol concentration of the cannabis
extracts was more than triple that of the cannabis flower,
suggesting a desire of consumers to purchase products of
higher potency.17 Further, there was a significant increase in
purchases of cannabis extracts for inhalation between 2014
and 2016,17 which are often of even higher potency
compared with cannabis flower. Increases in frequency of
use and potency of cannabis products have led to specula-
tion that effects on infants exposed to cannabis prenatally
may now be greater than previously estimated.8,18 With the
legalization of cannabis in Canada and increasing prenatal
cannabis exposure, in both frequency and potency, it is
essential to understand how CU during pregnancy is asso-
ciated with infant developmental outcomes to provide an
evidence-based rationale for prevention and intervention
measures.

CU during pregnancy is associated with various socio-
demographic and biopsychosocial factors. Reports of pre-
natal CU are most common among young individuals, with
estimates that more than half of North Americans who re-
ported use were between the ages of 15 and 24.4,19 Prenatal
CU is also more prevalent among individuals who are non-
Hispanic White,12,19,20 who are nonmarried,12,20 and who
completed less than 12 years of education.10,19,20 Prenatal
CU is also associated with lower household income4,12 and
concurrent use of other substances.10,12 Previous analysis of
the Pregnancy During the COVID-19 Pandemic (PdP)
study (overlapping with this sample) revealed that half of
the 4.3% of participants who reported using cannabis
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during pregnancy were also using alcohol, tobacco, and/or
other illicit drugs.21

Previous research on prenatal cannabis exposure has
explored associations with fetal outcomes at birth and psy-
chosocial developmental trends throughout childhood and
adolescence. Conflicting results have arisen regarding the
association between prenatal cannabis exposure and birth
weight. Whereas some studies found that prenatal cannabis
exposure was related to lower birth weight,22,23 others did
not find this association.19,24,25 Similarly conflicting results
have arisen for preterm birth: while some studies have
shown no association,26,27 others found prenatal cannabis
exposure to be associated with increased rates of preterm
birth.4,7,28

Studies have identified adverse cognitive and behavioral
consequences associated with prenatal cannabis exposure
throughout infancy, childhood, and adolescence. Female
infants prenatally exposed to cannabis exhibited increased
rates of aggression and inattention at 18 months of age29

relative to healthy comparison unexposed infants. Between
the ages of 4 and 9 years, exposed children across various
cohorts showed poorer performance on verbal reasoning and
short-term memory tasks, poorer academic achievement in
reading and spelling, delays in language comprehension,
and increased hyperactivity and inattention.8,18,24,30,31

Children exposed to cannabis prenatally have also re-
ported significantly higher rates of anxiety and depressive
symptoms at age 10.30,32 Animal models have also identi-
fied various neurodevelopmental consequences of prenatal
cannabis exposure, with several studies finding decreased
social behavior, increased anxiety-like behavior, altered
approach behaviors toward drug-related stimuli, and long-
term memory disruption in rodent offspring prenatally
exposed to cannabis.33–35 These potential neuro-
developmental consequences of prenatal cannabis exposure
have recently been captured prenatally in human offspring,
with differences in fetal functional brain connectivity
identified using fetal functional magnetic resonance
imaging.36

Although various significant associations have been
identified, the interpretation of these findings must be
considered in their specific context. Some prior clinical
studies have failed to adjust for important confounders,
such as concurrent tobacco exposure, socioeconomic status,
or parental mental health.8,37 In light of these limitations,
further research is needed to explore the potential cognitive
and neurodevelopmental consequences of prenatal cannabis
exposure. For example, recent work by Kharbanda et al.27

found no significant association between risk of parent-
reported developmental delay at 9 or 12 months of age
after accounting for race/ethnicity, maternal age, and
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tobacco consumption during pregnancy. These findings
highlight the need for further investigation regarding the
consequences of prenatal cannabis exposure, while consid-
ering other important contextual factors that may impact
child development. Further, some cohort studies examining
associations between child development and prenatal
cannabis exposure were initiated in the late 1970s and early
1980s,38 rendering the results outdated.

To address these limitations, the current study used a
large cohort spanning across Canada to describe differences
in sociodemographic characteristics of participants who re-
ported CU during pregnancy and those who did not and
examine the association between prenatal cannabis exposure
and instances of preterm birth, differences in birth weight,
and risk of parent-reported developmental delay in infants,
after adjusting for commonly confounding variables.
METHOD
Study Design
The current study used data from the PdP39 study, a pro-
spective longitudinal cohort of individuals residing in Canada
who were pregnant during the COVID-19 pandemic.
Detailed information on study design and data collection is
described elsewhere.39 The current study used data from the
initial baseline survey (completed between April 5, 2020, and
April 29, 2021), follow-up surveys completed during preg-
nancy (completed between May 8, 2020, and February 2,
2022), and the 12-month postnatal survey (completed be-
tween May 28, 2021, and December 14, 2022).

Participants
Participant recruitment for the PdP study occurred between
April 5, 2020, and April 9, 2021.39 Participants were
recruited using social media advertising and then completed
surveys in REDCap (Research Electronic Data Capture).
Specific recruitment strategies are described elsewhere.39 To
meet the eligibility criteria for enrollment in the PdP study,
participants had to be pregnant with a gestational age
of �35 weeks at enrollment, 17 years of age or older,
currently living in Canada, and able to read and write in
English or French. A total of 10,695 French and English
participants consented to participate in the PdP study, of
whom 10,542 provided information on their substance-
using behaviors during pregnancy in the initial baseline
survey or a follow-up survey during pregnancy. As of August
2023, 3,786 participants completed the Ages and Stages
Questionnaire, Third Edition (ASQ-3) portion of the 12-
month postpartum survey to evaluate infant development.
Only singleton births were included in the final analysis.
252 www.jaacapopen.org
Attrition
Participants were initially invited to complete the baseline
survey and later invited to complete follow-up surveys. As
such, there was attrition between the baseline survey and the
12-month postnatal survey. Of the 10,695 original partic-
ipants in the cohort, 6,273 provided information on a de-
livery survey (ie, gestational age, birth weight, child sex),
and 3,572 provided information on developmental mile-
stones in the 12-month postnatal survey. Participants who
continued in the study were more likely to be older, to be
married, to have higher income, to report less severe
depression and anxiety symptoms, and to be less likely to
report CU during pregnancy. Comparisons are summarized
in Table S1, available online. The sociodemographic char-
acteristics of participants who dropped out before the 12-
month postnatal survey were identified as risk factors for
prenatal CU within the sample; therefore, results pertaining
to the association between prenatal cannabis exposure and
risk of parent-reported developmental delay may be
underestimating the association.

Variables
Risk of Parent-Reported Developmental Delay. Risk of
developmental delay was evaluated using the ASQ-340 in the
12-month postnatal survey. The ASQ-3 is a 30-item, parent-
reported measure that screens for developmental milestones
across 5 domains: communication, gross motor, fine motor,
problem-solving, and personal social skills. Parents rate their
infant’s current ability with 3 options: “Not yet” (scored 0),
“Sometimes” (scored 5), or “Yes” (scored 10). Before ques-
tionnaire completion, the child’s birth date and gestational
age are collected. If necessary, the child’s age is adjusted to
account for prematurity, as per ASQ-3 guidelines.40 The
ASQ-3 provides multiple forms to assess for developmental
milestones for various age bands. Forms ranging from 12
months to 18 months were administered based on the child’s
age at the 12-month postnatal survey, with the majority of
participants completing the 12-month form. Sum scores are
produced for each developmental domain. Missing responses
within a domain are either adjusted for (if 1 or 2 items are
missing responses) or nullified if 3 or more items are missing
responses. Scores that fall below the predetermined cutoff
score, defined as 2 SDs below the normed mean, indicate a
risk of developmental delay, and further assessment with a
professional is advised.40 Infants were categorized as at risk of
developmental delay or not at risk based on this cutoff score.
The ASQ-3 has strong reliability (0.93 interrater reliability;
0.92 test-retest reliability)41 and is endorsed by the American
Academy of Pediatrics to screen for delayed developmental
milestones in children.42
JAACAP Open
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PRENATAL CANNABIS USE AND RISK OF DEVELOPMENTAL DELAY
Risk Factors Associated With Developmental Delay.
Several risk factors that may contribute to a child experi-
encing a developmental delay have been identified.43 To
capture these risks and isolate them away from any potential
impact of CU on developmental risk, we gathered addi-
tional sociodemographic and substance use information
from participants in the baseline, prenatal follow-up, and
postdelivery questionnaires.

At baseline, participants were asked to declare their age,
ethnicity, household income before tax, and relationship
status. Income was stratified into sample quintiles, and
relationship status was stratified into married, in a marriage-
like relationship, and single (including divorced, separated,
and widowed). At baseline, participants were also asked to
report if they had used cannabis, alcohol, or tobacco after
acknowledgment of their pregnancy. Prenatal follow-up
surveys queried if participants had used cannabis, alcohol,
or tobacco in the past month, while pregnant. Prenatal
cannabis, alcohol, and tobacco use was defined as positive
self-report of use that occurred after acknowledgment of
pregnancy, but before birth, on either the baseline survey or
a prenatal follow-up survey.

Self-reported mental health symptoms were assessed
with the Edinburgh Postnatal Depression Scale (EPDS)44

and the Patient-Reported Outcomes Measurement Infor-
mation System (PROMIS) Anxiety.45 The EPDS comprises
10 items that assess maternal depression symptoms in the
past week. It has been validated for use in both the prenatal
and the postpartum periods.46,47 Participant scores were
dichotomized based on previously identified cutoff
score �13, with scores below this cutoff indicating no
symptoms or minor symptoms of depression and
scores �13 identifying individuals with clinically concern-
ing symptoms of major depression.44 The PROMIS Anxi-
ety comprises 7 items to assess symptoms of general anxiety
experienced in the past week.45 Participant scores were
diagnostically classified using the general US population
reference sample for norming. T-scores of 36 to 54 indicate
symptoms within normal limits, T-scores of 55 to 59
indicate clinically mild symptoms, and T-scores of 60 to 69
indicate clinically moderate anxiety symptoms. T-scores
of �70 indicate symptoms of severely elevated anxiety and
may indicate the presence of an anxiety disorder.48

Birth Outcomes. Gestational age (in weeks), birth weight
(in grams), and child sex assigned at birth were reported by
participants in the postdelivery survey. Infants were defined
as preterm if gestational age was less than 37 weeks at birth
and defined as low birth weight (LBW) if they weighed less
than 2,500 g at birth.49
JAACAP Open
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Statistical Analysis. R programming language (R Founda-
tion for Statistical Computing, Vienna, Austria) was used
for analysis. First, the association between the sociodemo-
graphic characteristics of participants and whether they re-
ported CU during pregnancy was examined. Continuous
variables were analyzed using Wilcoxon rank sum test.
Categorical variables were assessed using either c2 test for
independence or Fisher exact test when an observed cell
count was less than 5.

It is assumed that the subpopulations of participants
who used cannabis during pregnancy (CUþ group) and
those who did not (CU� group) will be largely heteroge-
neous. To account for potential confounders when inves-
tigating gestational age, birth weight, and risk of parent-
reported developmental delay measured by the ASQ-3,
the data were analyzed using propensity score weighting.
Sociodemographic variables are used to estimate propensity
scores through a logistic regression of the reported CU
during pregnancy variable. Scores are used to conduct an
optimal full matching of the data into a series of strata, with
the number of strata chosen to minimize the absolute dis-
tances between the propensity scores of observations within
each stratum, known as the absolute within-class distance.50

These strata are used to assign propensity weights to each
individual, where every participant in the CUþ group re-
ceives a propensity weight of 1, and every participant in the
CU� group receives a weight equal to the inverse of a
stratum propensity score. Analysis was conducted to deter-
mine whether the balance of covariates improves between
the unweighted and weighted data. Implementation of this
matching algorithm was from the MatchIt software
package.51

The association between the outcome variables (gesta-
tional age, birth weight, and odds of a child falling below an
ASQ cutoff score) and reports of CU during pregnancy were
studied through a series of g-computations.52 A method
increasingly used in epidemiology for causal inference, g-
computations involve simulating outcomes under different
exposure scenarios to enable unbiased estimation of causal
effects.52 In g-computation, a regression model is fitted to
estimate the average differences between exposed and un-
exposed groups. In this case, we fit either a linear or a quasi-
binomial logistic regression model to capture the association
between the outcome variables, CU classification, and
covariates of COVID-19 infection during pregnancy and
child assigned sex at birth. These models are then weighed
using inverse propensity scores, which are used to estimate
the average differences between CUþ and CU� groups as
either a difference of means (continuous outcomes) or an
odds ratio (OR) (dichotomous outcomes). We used cluster-
www.jaacapopen.org 253
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robust variance estimation to obtain standard errors, with
propensity stratum serving as the clustering variable.53

Computation enables unbiased estimation of causal effects
even when certain exposures are unobserved. The 95% CI
and p value for these contrasts are reported for all statistics.
RESULTS
Of the 10,542 participants who provided information on
their CU on the initial or follow-up survey, 596 (5.6%)
reported consuming cannabis after acknowledgment of their
pregnancy. Of these participants, 437 reported CU on the
initial survey only, 61 participants reported CU on a follow-
up survey only, and 98 participants reported CU on both the
enrollment survey and on a least 1 follow-up survey. Socio-
demographic characteristics and detailed self-reported sub-
stance use after acknowledgment of pregnancy at enrollment
provided in Tables S2 and S3, respectively, available online.

Sociodemographic Differences Between CUþ and
CU� Groups
Sociodemographic characteristics of the total sample and
group differences by reported CU during pregnancy are
summarized in Table 1. Several significant differences be-
tween participants in CUþ and CU� groups were identified.
Using Wilcoxon signed rank test, the median maternal age
was determined to be significantly lower among participants
in the CUþ group (median¼ 30.6) compared with the CU�
group (median¼ 31.8) (p< .001). Fisher exact test indicated
a significant difference between the proportions of ethnic
identities within each group (p< .001). Disparities in income
were identified with a c2 test of independence, with partici-
pants in the CUþ group more likely to report an annual in-
come of less than CAD $70,000 (46.5% vs 20.4% of CU�
group) (p< .001). Mental health symptoms also significantly
differed between the subpopulations, with participants in the
CUþ group more likely to exhibit clinically elevated depres-
sion symptoms (55.0% vs 32.2% of CU� group) (p< .001)
and clinically severe anxiety symptoms (14.3% vs 6.6% of
CU� group) (p <.001). A significant difference in relation-
ship status was identified, with a higher proportion of par-
ticipants in the CUþ groups reporting a marriage-like
relationship (49.3% vs 32.9% of CU� group) compared with
the CU� group (p < .001). Finally, higher rates of reported
alcohol (29.0% for CUþ vs 12.0% for CU�) and tobacco
(29.0% CUþ and 4.2% for CU�) use was observed among
participants in the CUþ group (ps < .001).

Propensity Score Matching
A total of 9,399 participants provided the necessary data for
propensity score matching on maternal age, ethnicity,
254 www.jaacapopen.org
income, relationship status, depression symptoms, anxiety
symptoms, and alcohol and tobacco use. Results of
matching are summarized in Table 2. Optimized full
matching was conducted, which produced a sample of 519
participants for the CUþ group (effective sample size ¼
519) and 8,880 participants for the CU� group (effective
sample size ¼ 820.6). Table 2 summarizes the absolute
standardized mean differences between the CUþ and CU�
groups before and after weighing. After weighing, the
matched variables between each group were smaller than 0.1
standardized mean difference. The distributions of both
COVID-19 infection status and infant sex assigned at birth
between CUþ and CU� groups also decreased in stan-
dardized mean difference after balancing, providing strong
evidence that the balanced data can be used to explore the
association between CU during pregnancy and birth and
developmental outcomes while avoiding obvious sources of
confounding.

Associations Between Prenatal Cannabis Exposure and
Birth Outcomes
Preterm birth occurred in 6.2% (n ¼ 397) of unexposed
infants and 7.4% (n ¼ 23) of infants exposed to cannabis
prenatally. The mean (SD) birth weight for infants not
exposed to cannabis prenatally was 3,408.94 (546.30) g and
3,384.78 (612.15) g for infants who were exposed. Table 3
summarizes the results of all g-computations for the analysis
of the association between prenatal cannabis exposure and
birth outcomes. No significant associations were revealed
regarding prenatal cannabis exposure and either the gesta-
tional age of the child at birth (mean ¼ �0.01 week) (95%
CI �0.25 weeks to 0.23 weeks, p ¼ .94) or the odds of
being born preterm (ie, less than 37 gestational weeks at
birth) (OR 0.96, 95% CI 0.55 to 1.69, p ¼ .89). Similarly,
no significant associations were revealed regarding prenatal
cannabis exposure and either birth weight (mean ¼ 1.91 g)
(95% CI �84.10 g to 87.92 g, p ¼ .97) or the odds of
being born with LBW (ie, less than 2500 g) (OR 0.99, 95%
CI 0.50 to 1.69, p ¼ .98).

Associations Between Prenatal Cannabis Exposure and
Risk of Parent-Reported Developmental Delay
A model was developed to assess the impact of prenatal
cannabis exposure, child sex, and COVID-19 infection
during pregnancy on a child’s propensity to be identified as
risk of developmental delay as measured by the ASQ-3. The
outcome of being identified on at least 1 ASQ domain was
analyzed first. No significant evidence was found to suggest
that prenatal cannabis exposure was associated with the
odds of being identified at risk of parent-reported devel-
opmental delay on at least 1 ASQ domain (OR 0.71, 95%
JAACAP Open
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TABLE 1 Sociodemographic Characteristics and Group Differences

Total sample
(N ¼ 10,695

CU� group
(n ¼ 10,099) CUþ group (n ¼ 596)

pMedian (Q1, Q3) Median (Q1, Q3) Median (Q1, Q3)
Maternal age, y 31.8 (28.9, 34.8) 31.8 (29.0, 34.8) 30.6 (27.1, 34.1) <.001

n n n
Missing 113 109 4

n (%) n (%) (%) n (%) (%)
Ethnicity
Biracial 254 (2.4) 237 (2.4) 17 (2.9) <.001
Black 131 (1.3) 124 (1.3) 7 (1.2)
East or Southeast Asian 333 (3.2) 324 (3.3) 9 (1.5)
Hispanic 212 (2.0) 202 (2.1) 10 (1.7)
Indigenous 297 (2.9) 252 (2.6) 45 (7.7)
South Asian 276 (2.7) 273 (2.8) 3 (0.5)
West Asian 110 (1.1) 108 (1.1) 2 (0.3)
White 8,775 (84.4) 8,283 (84.4) 492 (84.1)
Missing 307 296 11

Income, CAD <.001
<$70,000 2,286 (22.0) 2,013 (20.4) 273 (46.5)
$70,000-$99,999 2,080 (19.9) 1,963 (19.9) 117 (19.9)
$100,000-$124,999 1,946 (18.6) 1,867 (18.9) 79 (13.5)
$125,000-$174,999 2,484 (23.8) 2,400 (24.4) 84 (14.3)
�$175,000 1,646 (15.8) 1,612 (16.4) 34 (5.8)
Missing 253 244 9

Relationship status <.001
Marriage-like 3,560 (33.9) 3,268 (32.9) 292 (49.3)
Married 6,478 (61.6) 6,247 (63.0) 231 (39.0)
Single 476 (4.5) 407 (4.1) 69 (11.7)
Missing 181 177 4

Symptoms of depression <.001
Clinically elevated 3,190 (33.5) 2,901 (32.2) 289 (55.0)
Not elevated 6,334 (66.5) 6,098 (67.8) 236 (45.0)
Missing 1,171 1,100 71

Symptoms of anxiety <.001
Clinically severe 663 (7.0) 588 (6.6) 75 (14.3)
Clinically moderate 3,804 (40.1) 3,534 (39.4) 270 (51.6)
Clinically mild 1,981 (20.9) 1,915 (21.4) 66 (12.6)
Not elevated 3,044 (32.1) 2,932 (32.7) 112 (21.4)
Missing 1,203 1,130 73

Alcohol use during pregnancy 1,341 (13.0) 1,169 (12.0) 172 (29.0) <.001
Tobacco use during
pregnancy

599 (5.6) 424 (4.2) 175 (29.0) <.001

Note: CUþ ¼ participants who reported cannabis use during pregnancy; CU� ¼ participants who did not report cannabis use during pregnancy; Q1¼
first quartile (25th percentile); Q2 ¼ third quartile (75th percentile. Differences in age were assessed with Wilcoxon signed rank test, and differences in
ethnicity were assessed with Fisher exact test; all other differences were assessed with c2 test of independence. p values exclude missing observations.

PRENATAL CANNABIS USE AND RISK OF DEVELOPMENTAL DELAY
CI 0.39 to 1.28, p ¼ .25). Frequency of CU was not
associated with being identified as at risk of parent-reported
developmental delay; results are reported in Table S4,
available online.
JAACAP Open
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Subsequently, similar models were applied to each
developmental domain of the ASQ to determine whether
prenatal cannabis exposure was associated with being
identified at risk of parent-reported developmental delay
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TABLE 2 Propensity Score Matching

Mean before matching Mean after matching

CUþ Group
(n ¼ 519)

CU� Group
(n ¼ 8,880) SMD

CUþ Group
(ESS ¼ 519,
n ¼ 519)

CU� Group
(ESS ¼ 820.6,
n ¼ 8,880) SMD

Distance 0.153 0.050 0.712 0.153 0.153 0.000
Mean maternal age, y 30.573 31.979 �0.291 30.57 30.595 �0.005
Ethnicity
Biracial 0.027 0.025 0.010 0.027 0.028 �0.007
Black 0.012 0.012 �0.002 0.012 0.010 0.018
East or Southeast Asian 0.017 0.033 �0.122 0.017 0.010 0.060
Hispanic 0.017 0.019 �0.016 0.017 0.021 �0.028
Indigenous 0.077 0.024 0.198 0.077 0.065 0.046
South Asian 0.004 0.028 �0.987 0.004 0.005 �0.017
West Asian 0.004 0.011 �0.109 0.004 0.002 0.029
White 0.842 0.848 �0.015 0.842 0.860 �0.049

Income, CAD
<$70,000 0.459 0.192 0.535 0.459 0.441 0.035
$70,000-$99,999 0.195 0.197 �0.007 0.195 0.213 �0.047
$100,000-$124,999 0.139 0.192 �0.154 0.139 0.153 �0.041
$125,000-$174,999 0.146 0.249 �0.290 0.146 0.149 �0.008
�$175,000 0.062 0.170 �0.449 0.062 0.043 0.076

Relationship status
Marriage-like 0.484 0.322 0.324 0.484 0.509 �0.051
Married 0.407 0.639 �0.474 0.407 0.377 0.060
Single 0.110 0.039 0.226 0.110 0.114 �0.013

Symptoms of depression
Clinically elevated 0.547 0.321 0.455 0.547 0.535 0.025
Not elevated 0.453 0.679 �0.455 0.453 0.465 �0.025

Symptoms of anxiety
Clinically severe 0.143 0.065 0.221 0.143 0.116 0.076
Clinically moderate 0.516 0.394 0.244 0.516 0.522 �0.012
Clinically mild 0.125 0.214 �0.269 0.125 0.123 0.006
Not elevated 0.216 0.326 �0.268 0.216 0.238 �0.055

Alcohol use during
pregnancy

0.299 0.118 0.394 0.299 0.303 �0.010

Tobacco use during
pregnancy

0.281 0.041 0.535 0.281 0.286 �0.010

Child sexa

Female 0.224 0.290 �0.067 0.224 0.227 �0.003
Male 0.260 0.316 �0.056 0.260 0.264 �0.004
Other 0.002 0.000 0.002 0.002 0.000 0.002
Not reported 0.514 0.393 0.121 0.514 0.509 0.005

COVID-19 infectiona

Confirmed negative 0.073 0.095 �0.022 0.073 0.076 �0.003
Confirmed positive 0.004 0.005 �0.001 0.004 0.001 0.003
Not reported 0.923 0.900 0.023 0.923 0.923 0.000

Note: CUþ ¼ Participants who reported cannabis use during pregnancy; CU� ¼ participants who did not report cannabis use during pregnancy;
ESS ¼ effective sample size; SMD ¼ standard mean difference.
aParticipants were not matched on this variable.
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TABLE 3 Effect Estimates

Metric n Estimate p s value 95% CI
Gestational age
Continuous Difference of means 6,273 L0.01 .94 0.09 L0.25 to 0.23
<37 wk Odds ratio 6,273 0.96 .89 0.17 0.55 to 1.69

Birth weight
Continuous Difference of means 5,624 1.91 .97 0.05 L84.10 to 87.92]
< 2500 g Odds ratio 5,624 0.99 .98 0.03 0.50 to 1.98

Below cutoff on ASQ
At least 1 domain Odds ratio 3,572 0.71 .25 1.98 0.39 to 1.28
Communication Odds ratio 3,568 3.92 .02 5.90 1.28 to 12.01
Gross motor Odds ratio 3,568 1.00 .99 0.00 0.40 to 2.52
Fine motor Odds ratio 3,559 0.78 .77 0.39 0.15 to 3.99
Problem solving Odds ratio 3,546 0.80 .67 0.57 0.29 to 2.22
Personal social Odds ratio 3,546 0.42 .12 3.03 0.14 to 1.26

Note: Boldface indicates significant results. ASQ ¼ Ages and Stages Questionnaire.

PRENATAL CANNABIS USE AND RISK OF DEVELOPMENTAL DELAY
within a specific area. A weak association was identified in
which infants exposed to cannabis prenatally were more
likely to be identified as at risk of developmental delay on
the communication domain of the ASQ (OR 3.92, 95% CI
1.28 to 12.01, p ¼ .02). When adjusting for multiple
comparisons, this association did not remain significant. No
additional evidence was found to suggest that prenatal
cannabis exposure was associated with risk of parent-
reported developmental delay across other specific do-
mains. Full results are summarized in Table 3, with visual
representation of the distribution of each ASQ domain by
exposure presented in Figure 1. Descriptive statistics for
each ASQ domain are available in Table S5s, available
online.
DISCUSSION
In this recent cohort spanning across Canada, participants
who used cannabis during pregnancy were significantly
younger and less likely to be married than those who did
not. They were also more likely to report an annual income
of less than CAD $70,000, experience more severe symp-
toms of depression and anxiety, and use alcohol and tobacco
during pregnancy. These predictors are consistent with
previous findings.4,10,12,19,20 Differences in mental health
symptoms have been less commonly explored among pre-
dictors of use; however, previous literature reports that
pregnant women use cannabis products to aid in the
treatment of depression11 and anxiety symptoms.9,11 Par-
ticipants in the current study were not asked to provide
reasons why they used cannabis during their pregnancy;
however, our findings identified that participants who
JAACAP Open
Volume 2 / Number 4 / December 2024
reported CU experienced more severe depression and anx-
iety symptoms than participants who reported no CU.
Continued monitoring of these trends is vital for creating
public health literature about CU during pregnancy. Iden-
tification of risk factors associated with prenatal CU pro-
vides valuable insight to health care researchers and
practitioners who may be responsible for creating and
distributing educational materials to at-risk groups.

Previous examinations of the association between pre-
natal cannabis exposure and birth outcomes have repeatedly
found conflicting results. The current analysis adjusted for
risk factors associated with adverse birth outcomes. No
significant associations were identified between prenatal
cannabis exposure and gestational age, increased rate of
preterm birth, birth weight, or odds of being classified as
LBW. Of note, the preterm birth rate of the sample was
lower than the national average,54 and the mean birth
weight of both infants exposed to cannabis prenatally and
healthy comparison infants fell above LBW cutoff
of <2,500 g.4 These factors may indicate that participants
are a low-risk sample who may be less vulnerable to risk of
developmental delay. Significant associations between pre-
term birth,4,7,28 lower birth weight,2,23 and prenatal
cannabis exposure have been previously identified. Meth-
odological nuances and the clinical significance of these
findings should be considered when interpreting these
findings. A meta-analysis examining the association between
prenatal cannabis exposure and birth weight identified a
mean difference between exposed infants and healthy un-
exposed infants of approximately 100 g.55 In comparison,
an alternative meta-analysis found that after adjusting for
tobacco exposure, prenatal cannabis exposure was not
www.jaacapopen.org 257
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FIGURE 1 Violin plots of Ages and Stages Questionnaire (ASQ) Scores by Domain and Prenatal Cannabis Exposure

Note: Dashes represent the median score; dots represent the quartiles.
*Difference of p < .05.

WATTS et al.
significantly associated with LBW.37 The clinical implica-
tions and developmental consequences of this difference in
birth weight remain unclear, specifically when considering
that associations between prenatal cannabis exposure and
birth outcomes are often not significant in analyses that
properly adjust for confounding factors.4 The present results
did not find a significant association, further underscoring
the importance of the methodological necessity of adjusting
for commonly confounding variables when assessing this
association.

Prenatal exposure to cannabis did not significantly
predict the likelihood of failing to meet the cutoff score
across any of the developmental domains measured by the
ASQ-3 except for the communication domain. After
adjusting for multiple comparisons, no significant differ-
ences were identified on any domains. Comparable studies
examining prenatal cannabis exposure and infant develop-
ment at or before 12 months of age have been limited, with
little conclusive evidence that consequences of prenatal
cannabis exposure emerge within this age range. Of 3
identified studies, two reported no significant associations
with developmental delay,27,56 and one reported an asso-
ciation between one or more joints per day during the third
258 www.jaacapopen.org
trimester and lower mental development scores at 9 months
of age; however, these effects did not persist at 19 months.57

Contextualized within past findings, signal surrounding
greater odds of being identified as at risk within the
communication domain speak to the potential neuro-
developmental consequences of prenatal cannabis exposure.
The inconsistent pattern of findings in infancy also raises
the question of whether impacts observed in relation to
prenatal cannabis exposure are long lasting or temporary.
Future research should prioritize measurement of timing,
frequency, and amount of cannabis exposure to which in-
fants are subjected to draw more specific conclusions
regarding the early developmental risks of exposure as well
as longitudinal follow-up to determine the longevity of
observed effects.

Animal models, which can account for some of the
confounds in clinical studies and speak more directly to
causal attribution, also find conflicting results. Some studies
have found reduced birth weight in offspring exposed to
cannabis prenatally,58,59 and others have found no change
in weight.33,60,61 As previously stated, several studies have
found neurodevelopmental consequences related to prenatal
cannabis exposure33–35; however, many of these studies use
JAACAP Open
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PRENATAL CANNABIS USE AND RISK OF DEVELOPMENTAL DELAY
injection administration, which results in different phar-
macokinetics and maternal-fetal transmission62 than inha-
lation or oral exposure (common administration routes in
humans). Further, many studies use dosages surpassing
typical levels in clinical populations or synthetic cannabi-
noids that are much more potent than phytocannabinoids.
Several recent studies using inhalation or oral exposure of
cannabis during pregnancy have shown no changes in
anxiety-like behavior, memory acquisition, or social
behavior,60,61,63 impairments in social interaction and
behavioral flexibility only with high dosages,60 or im-
provements in discrimination and learning.63 These meth-
odological differences may provide insight regarding the
discrepancy seen in developmental delays between human
and animal models in early life.

Finally, the majority of data available on outcomes
related to CU during pregnancy have been collected in the
United States, where the legalization of cannabis varies by
state. Acceptability and commonality of use may differ be-
tween legalized states and countries; therefore, data collected
in contexts where cannabis is legalized may provide key
insights for future policy creation. Further, locations with
legalization may also garner more accurate reporting due to
absence of legal ramifications related to CU disclosure.
Although limited, Canadian data suggest that CU among
pregnant women has not significantly increased since
legalization.64,65 Despite these findings, a recent analysis
found notable changes to acute care related to CU during
pregnancy since legalization, with the mean quarterly rate
increasing from 11.0 per 100,000 pregnancies before
legalization to 20.0 per 100,000 pregnancies after legaliza-
tion.66 Increased CU and related hospital admissions
following legalization in the United States were also iden-
tified in a systematic review of the literature.14 Such figures
should also be considered when evaluating the consequences
related to prenatal CU.

The findings of this study must be interpreted consid-
ering their limitations. The substance use measure did not
capture the quantity of cannabis used (in grams or potency)
or the specific timing of prenatal cannabis exposure. Direct
comparison of the effects of dosage and trimester of expo-
sure could not be completed to determine if higher potency
or a specific trimester of exposure influenced the risk of
parent-reported developmental delay. CU was measured
only in the month before completion of follow-up surveys;
therefore, it is possible that a participant may have used
cannabis outside of this time frame and did not report it,
resulting in possible misclassification. In addition, data
analyzed in the current study were based on live birth fig-
ures, which cannot account for the potential impacts of
prenatal cannabis exposure that does not result in live birth.
JAACAP Open
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Future research should prioritize data collection on spon-
taneous miscarriage, which may be done by requesting
permission to link administrative birth records to partici-
pant data. Such procedures could aid in broadening the
scope of analysis to include effects of prenatal CU on the
developing fetus during the prenatal period.

Self-report online surveys were used for data collection.
Although this method increases the ability to reach large
samples, self-reports of substance use may not provide es-
timates as accurate as biochemical sampling,29 and parent-
reported measures of development cannot be considered
diagnostic tools or as optimally sensitive as formal neuro-
cognitive assessments.27 Parent-report measures rely on
observations from caregivers, and it is unknown if parents
who reported CU report their child’s abilities in a system-
atically biased way compared with parents who did not
report use (eg, overestimating or underestimating their
child’s abilities). Despite these limitations, the PdP cohort
provided a unique opportunity to monitor individuals from
every province and territory, providing a more holistic view
of trends relating to prenatal CU nationally. Previous Ca-
nadian studies that have assessed the association between
prenatal cannabis exposure and adverse childhood develop-
ment outcomes primarily used data collected before legali-
zation and were limited in their geographical composition,
with samples often consisting of individuals from a single
province (eg, Corsi et al.,4 Luke et al.,7 Myran et al.66).

Data were collected during the COVID-19 pandemic,
during which societal measures (eg, social distancing and
quarantining) may have impacted the development of in-
fants born during this time generally.67 Emerging analysis
indicates that infants born during the COVID-19 pandemic
may be lagging developmentally compared with historical
cohorts68,69; therefore, cannabis-specific differences may
have been more difficult to detect. Specific mean ASQ-3
scores reported in the current study may not be directly
comparable to nonpandemic cohorts.

The lack of significant associations identified in the
current study should not be misinterpreted to suggest that
consuming cannabis products during pregnancy is safe.
Previous research has found associations between prenatal
cannabis exposure and adverse neonatal health outcomes,
with prenatal cannabis exposure consistently associated
with fetal growth.22,23 Further, increased risk of develop-
mental delay emerges among some populations in
toddlerhood (eg, El Marroun et al.29) and throughout
childhood (eg, Goldschmidt et al.70); therefore, studies
evaluating delays in development in infancy must be fol-
lowed up longitudinally to determine if these measures
change over time. Because the current analysis was per-
formed using data from a longitudinal sample that was not
www.jaacapopen.org 259
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specifically created to address this question, additional
studies that are specifically designed examine these out-
comes are needed.
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