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Key Points
Question: What are the associations between cannabis use in pregnancy on neonatal outcomes?

Findings: In this updated systematic review and meta-analysis with 51 studies, we found that
prenatal cannabis use was associated with increased odds of preterm birth, small for gestational
age infant, low birth weight, and perinatal mortality.

Meaning: Using cannabis in pregnancy may increase the potential for adverse neonatal
outcomes; healthcare providers should include this in their patient counseling and increased
public health measures are needed to raise awareness on safety of use.



Abstract:
Importance: Prenatal cannabis use continues to rise, and cannabis remains the most commonly used illegal
substance in pregnancy. There is accumulating evidence suggesting potential adverse effects from cannabis use

in pregnancy on fetal and neonatal outcomes.

Objective: Our goal is to update our living systematic review and meta-analysis to provide a timely

understanding regarding cannabis use in pregnancy and fetal and neonatal outcomes.

Data Sources: We updated our previous review by searching bibliographic databases MEDLINE, CINAHL,
PsycInfo, Global Health, and EBM Reviews Cochrane Database of Systematic Reviews from November 1,

2021 through April 4, 2024.

Study Selection: Cohort or case-control studies comparing pregnancies with and without prenatal cannabis use
on prespecified fetal or neonatal outcomes with adjustment for confounders were included. Two independent

reviewers screened studies with disagreements resolved through discussion.

Data Extraction and Synthesis: Included studies were extracted by one reviewer and confirmed by a second.
We assessed risk-of-bias with the Newcastle-Ottawa Scale. We performed random-effects meta-analyses of
unadjusted and adjusted odds ratios for all primary outcomes. We synthesized results using the Grading of

Recommendations, Assessment, Development, and Evaluation (GRADE) approach.

Main Outcome(s) and Measure(s): Primary outcomes were preterm birth (PTB; <37 weeks of gestation),

small-for-gestational-age (SGA), low birth weight (LBW; <2,500 g), and perinatal mortality.

Results: For this update we added 8 new studies with 1,709,998 participants, for a total of 51 studies

synthesized (N = 21,146,938). From meta-analyses of adjusted effect sizes, we found moderate certainty



evidence that cannabis use in pregnancy is associated with increased odds of LBW, PTB, and SGA, and low
certainty evidence that it is associated with greater odds of perinatal mortality. Previously we rated the evidence

as very low or low certainty.

Conclusion and Relevance: Cannabis use in pregnancy was associated with greater odds of PTB, SGA, and
LBW even after adjusting for co-use of tobacco products with our confidence in these findings increasing to
moderate from low in our prior review. The findings of this study will help inform patient counseling and future

public health policies.

Protocol Registration: PROSPERO (CRD42024578036)



Introduction

Over the past two decades the prevalence of prenatal cannabis use has more than doubled' and cannabis is now
the most commonly used federally illegal drug in pregnancy.' Given that delta-9-tetrahydrocannabinol (THC,
the main psychoactive component of cannabis) can cross the placenta and bind to endocannabinoid receptors on
major fetal organs, there is cause for concern.? Nonetheless, clinicians are not consistently counseling patients
regarding prenatal cannabis use, partly because of the limited and mixed available evidence.’> While the existing
literature suggests that prenatal cannabis use is associated with a range of potential risks, including stillbirth and
fetal growth restriction,*¢ studies are often limited by self-reported cannabis intake and polysubstance use. We
aim to provide an updated understanding of the association, adjusted for tobacco use and other important

confounding variables, between prenatal cannabis use and pregnancy, fetal, and neonatal outcomes.

Methods

We updated our previous systematic review and meta-analysis on prenatal cannabis exposure and fetal and
neonatal outcomes® which we maintain as a living systematic review (LSR). Detailed methods can be found in
the previous publication,® with an updated protocol for the surveillance portion of the review registered a priori
to PROSPERO (CRD42024578036). Briefly, we updated searches of MEDLINE, CINAHL, PsycInfo, Global
Health, and EBM Reviews Cochrane Database of Systematic Reviews from November 1, 2021 to April 4, 2024
(See eMethods for search strategies). We included English-language cohort or case-control studies of in-
pregnancy cannabis use with comparison to less or no cannabis use groups that adjusted for confounding factors
(tobacco use at minimum). We followed the Meta-analyses of Observational Studies in Epidemiology

(MOOSE) reporting guidelines.’

Two researchers independently screened all citations, assessed eligibility, conducted risk-of-bias (RoB)
assessments, and independently assigned a certainty-of-evidence (CoE) rating using the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach with disagreements resolved

through discussion or a third reviewer. Primary outcomes were preterm birth (PTB; <37 weeks of gestation),



small-for-gestational-age (SGA; <10th percentile given sex), low birth weight (LBW; <2,500 g), and perinatal
mortality. For this update we replaced one primary outcome, birth weight, with the more clinically relevant

LBW-a secondary outcome in our previous review. No other secondary outcomes were updated.

Of note, it is not ethical to conduct randomized trials of prenatal cannabis use, thus we used comparative
observational studies to derive conclusions on this topic. Therefore, we started our CoE ratings as high, then
downgraded the evidence for internal validity concerns (RoB) given GRADE working group guidance

regarding nonrandomized studies evaluating interventions.®

This publication reports our quantitative data synthesis (i.e. meta-analyses) of studies reporting unadjusted or
adjusted effect size estimates. Where necessary, we calculated odds ratios (OR) with 95% confidence intervals
(CI), using count data from eligible studies. We calculated treatment estimates and standard errors within Excel
using natural logarithms and constants, then used the DerSimonian-Laird random effects model to conduct
meta-analyses in R Studio, version 2023.12.1 expressing heterogeneity using the I statistic.” Prediction
intervals were computed based on the random-effects model, taking into account both the heterogeneity
between studies and the uncertainty in the pooled effect. To test whether the association of cannabis use was
more pronounced among those known to be using cannabis heavily — a dose-response effect — we performed
post hoc sensitivity analyses of adjusted estimates removing studies with participants who had undefined or
lower duration or frequency of cannabis use (for instance, if a study reported outcomes for people who used
cannabis monthly or less, weekly, or daily, the daily use group would be included in the analysis; see eFigures

4-8 for forest plots and eTable 1 for definitions by study).

Results
From 2,609 screened citations, we included 51 studies in 69 publications (N = 21,146,938; Figure 1).19-% 8
studies (N = 1,709,998) were added since the original publication (Included study details in Table 1).!0-14:16:19.20

Few studies attempted to quantify the level of prenatal cannabis exposure, with those that did, classified



individuals who used cannabis into categories of use based on either frequency (e.g. heavy, moderate, irregular)
or duration of use during pregnancy (e.g., weeks of gestation, trimester), or used diagnostic codes to identify

individuals with cannabis use disorder.

Table 2 synthesizes our findings, including meta-analyses of unadjusted effect sizes (see eFigures 1-4 for
unadjusted analyses forest plots). We identified 24 studies analyzing the association between prenatal cannabis
use and LBW (N = 2,412,060). In our meta-analysis of adjusted effect sizes in 20 studies controlling for
important confounding variables (N = 1,763,753), we found increased odds of LBW in those with prenatal
cannabis use (OR, 1.75; 95% CI, 1.41 to 2.18; Figure 2). In our dose-response effect sensitivity analysis of 5
studies with participants that specified heavy cannabis use the odds of LBW increased (OR, 2.36; 95% CI, 1.50
to 3.72). Based on the consistency and stability of evidence across these analyses and acceptable levels of

certainty across other GRADE domains, we rated the CoE as moderate for this finding.

We included 42 studies examining the association between prenatal cannabis use and PTB (N = 21,131,345).
Based on 20 studies reporting adjusted effect sizes the odds of PTB increased for those using cannabis in
pregnancy (OR, 1.52; 95% CI, 1.26 to 1.83). The sensitivity analysis including only individuals with heavy
cannabis use revealed higher odds from those 7 studies combined (OR 1.95; 95% CI, 1.40 to 2.73). Given this,

we rated the CoE as moderate.

We identified 16 studies (N = 16,999,369) analyzing the association between prenatal cannabis use and perinatal
mortality. Our meta-analysis of six studies found increased odds of perinatal mortality with use (N =
16,868,920; OR, 1.29; 95% CI, 1.07 to 1.55). In a sensitivity analysis of 3 studies of individuals with heavy
cannabis use, the odds were no longer statistically significant (OR, 1.25, 95% CI, 0.92 to 1.69). Because of
imprecision in the sensitivity analysis, and clinical heterogeneity from varying outcome definitions (i.e.

stillbirth vs. perinatal mortality), we rated the CoE as low.



We included 21 studies on the association of prenatal cannabis use and SGA (N = 7,816,179). From 12 studies
reporting adjusted effects (N = 4,520,474), the odds of SGA increased with prenatal cannabis exposure (OR,
1.57; 95% CI, 1.36 to 1.81). A sensitivity analysis also showed increased odds among groups with heavy use

from 4 studies (OR, 1.63; 95% CI, 1.35 to 1.96). We rated the CoE as moderate for this finding.

Discussion

In this LSR, we synthesized 51 studies evaluating prenatal cannabis use and pregnancy, fetal and neonatal
outcomes. After adjusting for confounding factors including tobacco use, we found moderate CoE that prenatal
cannabis use is associated with increased odds of LBW, PTB, and SGA, and low CoE that it is associated with
greater odds of perinatal mortality. We reported similar findings in our prior review,® but had only very-low to
low-CoE from studies available at the time. We were able to increase our certainty for these outcomes because
of the increased number of studies and patients, consistency of findings, and the finding of a dose-response
effect. Our findings are also consistent with prior reviews of this topic, though some included studies that did
not adjust for tobacco co-use or other important confounders,> and multiple publications have added to the body
of evidence since that time. Our review also analyzes more clinically relevant outcomes than previous
reviews.*®! As prenatal cannabis use is a modifiable risk factor, clinical and public health efforts to reduce it

have the potential to mitigate pregnancy and offspring morbidity and mortality.

Clinicians can use our results to discuss the potential impact of prenatal cannabis use with pregnant individuals
or those trying to conceive. Other strengths of this LSR include clinically relevant obstetric outcomes, strict
exclusion criteria, and adjusted effect sizes in our meta-analyses to account for confounders not addressed in
other prior large reviews.’ Our study was limited by heterogeneity in the literature and lack of information on
mode of delivery, timing, frequency, potency, or duration of prenatal cannabis use. In addition, we were unable
to adjust for confounding from severe nausea and vomiting of pregnancy that can also increase the risk for

adverse outcomes including fetal growth restriction, low birth weight, and preterm birth.?



Conclusions

The prevalence of prenatal cannabis use continues to rise. The results of our updated systematic review and
meta-analysis suggest that prenatal cannabis use is independently associated with increased odds of LBW, PTB,
and SGA even after adjusting for co-use of tobacco products. Our confidence in these findings is moderate. Our
results will help guide patient counseling and harm reduction strategies, and shape future public health policies

focused on prenatal cannabis use.



Figure 1. PRISMA Study Flow Diagram
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Figure 2. Forest Plots: Adjusted Meta-analyses of Primary Outcomes
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Table 1. Characteristics of studies included in quantitative analysis

Participants by

Author Study group MJ use

Study Year Design ROB Location Total N % ascertainment Outcomes

Avalos et al.!'®® 2023 Retrospective Low USA 364,924 MIJ Use: 6.2 Self-report, Tox PTB, SGA, LBW
Cohort Unexposed: 93.8 screen

Dunnetal.'*® 2023 Retrospective Moderate Australia 3,104 MJ use: 1.6 Self-report PTB, SGA, Perinatal
Cohort Unexposed: 98.4 death, LBW

Metz etal.'*® 2023 Prospective Low USA 9,257 MIJ Use: 6.6 Tox screen PTB, Perinatal death

nuMoM?2b Cohort Unexposed: 93.4

Umer etal.!'® 2023 Retrospective Low USA 34,412 MIJ use: 6.5 Self-report, Tox PTB, SGA, LBW

Project Cohort Unexposed: 87.8 screen

WATCH

Jonesetal.?® 2022 Retrospective Low USA 1,540 MJ Use: 31.4 Meconium PTB, LBW
Cohort Unexposed: 68.6

Joseph-Lemon 2022 Prospective Moderate USA 25,427 MIJ use: 3.2 Self-report, Tox PTB, Perinatal death,

etal.!®? Cohort Unexposed: 96.8 screen LBW

AABC PDR

Koto etal.’® 2022 Retrospective Low Canada 106,282 MJ Use: 2.9 Self-report PTB, SGA
Cohort Unexposed: 97.1

Luke etal.'®® 2022 Retrospective Low Canada 1,280,447 MJ Use: 1.9 Self-report PTB, SGA, Perinatal
Cohort Unexposed: 88.1 death, LBW

Oni et al.’® 2022 Retrospective Low Australia 622,640 MJ Use, CUD: 0.3 Diagnostic code PTB, perinatal death,
Cohort Unexposed: 99.7 LBW

Prewitt et al.!?? 2022 Retrospective Low USA 2,380,446 MIJ Use, CUD: 0.38  Diagnostic code PTB, SGA, Perinatal
Cohort Unexposed: 99.62 death

Bandoli et al.>* 2021 Retrospective Low USA 3,067,069 MIJ Use alone: 0.5 Diagnostic codePTB, SGA
Cohort MJ Use + tobacco: 0.2

Unexposed: 99.1
Sasso etal.”?> 2021 Retrospective Low USA 362 MJ Use: 44.0 Self-report, Tox PTB, SGA, perinatal

Cohort

Unexposed: 56.0

screen death




Participants by

Author Study group MJ use
Study Year Design ROB Location Total N % ascertainment Qutcomes
Bailey et al.?® 2020 Retrospective Low USA 1,062 MJ Use: 50.0 Tox screen PTB, LBW
Cohort Unexposed: 50.0
Gabrhelik et 2020 Prospective Low Norway 10,373 MIJ Use, short-term:  Self-report PTB, SGA
al.?? Cohort 2.0
MoBa MJ Use, long-term:
0.6
Unexposed: 97.4
Klebanoffet 2020 Prospective Low USA 363 MJ Use: 32.8 Self-report, Tox PTB, LBW
al.2¢ Cohort Unexposed: 67.2 screen
LEAF
Lee et al.'” 2020 Retrospective Low USA 466 MJ Use: 9.7 Tox screen PTB, SGA, Perinatal
Cohort Unexposed: 9.0 mortality
Wong etal.?> 2020 Retrospective Low Canada 25,263 MIJ Use: 2.2 Self-report PTB, LBW
Cohort Unexposed: 97.8
Corsietal? 2019 Retrospective Low Canada 98,512 MJ Use: 5.7 Self-report PTB, SGA, Perinatal
Cohort Unexposed: 94.3 mortality
Howard et al.’! 2019 Retrospective Low USA 2,173 MJ Use, intake visit: Tox screen Perinatal mortality
Cohort 16.0
MJ Use, delivery: 1.2
MJ Use, intake +
delivery: 5.3
Unexposed: 77.5
Kharbandaet 2019 Retrospective Low USA 3,435 MJ Use: 8.2 Tox screen PTB, SGA, LBW
al.”’ Cohort Unexposed: 91.8
Petrangelo et 2019 Retrospective Low USA 12,578,557 MJ Use, CUD: 0.5 Diagnostic code PTB, Perinatal death
al.>° Cohort Unexposed: 99.5
Rodriguezet 2019 Retrospective Low USA 1,206 MJ Use: 17.5 Self-report, Tox PTB, SGA, Perinatal
al.? Cohort Unexposed: 82.5 screen death
Straub et al.’! 2019 Retrospective Low USA 5,343 MIJ Use: 23.7 Tox screen PTB, SGA, LBW

Cohort

Unexposed: 76.3




Participants by

Author Study group MJ use
Study Year Design ROB Location Total N % ascertainment Qutcomes
Coleman- 2018 Prospective Low USA 414 MJ Use: 14.5 Self-report, Tox PTB, Perinatal death,
Cowger et al.* Cohort Unexposed: 85.5 screen LBW
Dotters-Katz et 2017 Retrospective Low USA 1,867 MJ Use: 7.3 Self-report, Tox PTB, SGA, Perinatal
al. 3 Cohort Unexposed: 92.7 screen death
BEAM RCT
Leemaqz et al.*®2016 Prospective Low Australia, 5,588 MJ Use, < 15 weeks  Self-report PTB, SGA
SCOPE Cohort New GA: 2.6
Zealand, MIJ Use, 15 weeks
UK, GA: 1.1
Ireland MIJ Use, <20 weeks
GA: 04
MJ Use, 20 weeks
GA: 1.0
Unexposed: 94.4 (1.7
quit MJ pre-
pregnancy)
Mark etal.®®> 2016 Retrospective Low USA 396 MJ Use: 29.3 Self-report, Tox PTB, LBW
Cohort Unexposed: 70.7 screen
Connor et al.*® 2015 Retrospective Low USA 8,138 MJ Use: 8.4 Self-report, Tox LBW
Cohort Unexposed: 91.6 screen
Warshak et al.’” 2015 Retrospective Low USA 6,468 MJ Use: 5.6 Self-report, Tox PTB, SGA, Perinatal
Cohort Unexposed: 94.4 screen death
Bonello et al.*> 2014 Retrospective Low Australia 13,480 MJ Use, CUD: 2.7 Diagnostic code PTB, LBW
Cohort Unexposed: 97.3
Varner et al.*®> 2014 Case Control Low USA 1,610 MJ Use: 3.0 Self-report, PTB, SGA, Perinatal
SCRN Unexposed: 97.0 Umbilical cord death
Alhusen et al.*! 2013 Prospective Low USA 166 MJ Use: 38.5 Self-report PTB, SGA, LBW
Cohort Unexposed: 61.4
Hayatbakhsh et 2011 Retrospective Low Australia 24,874 MIJ Use: 2.6 Self-report PTB, SGA, LBW

al.#?

Cohort

Unexposed: 97.4




Participants by

Author Study group MJ use

Study Year Design ROB Location Total N % ascertainment Outcomes

Gray etal.*® 2010 Prospective Low USA 86 MJ Use: 44.2 Self-report, Tox PTB

Growing Up Cohort Unexposed: 55.8 screen,

Healthy Meconium

Schempf et al.** 2008 Retrospective Low USA 808 MJ Use: 15.2 Self-report, Tox LBW
Cohort Unexposed: 84.8 screen

Lozano et al.*® 2007 Prospective Low Spain 974 MJ Use: 5.3 Meconium PTB

Meconium Cohort Unexposed: 89.9

Project

Burns et al.** 2006 Retrospective Low Australia 416,834 MJ Use, CUD: 0.5 Diagnostic code PTB, SGA
Cohort Unexposed: 99.0

Badaetal¥’ 2005 Prospective Low USA 8,637 Ml Use: 9.4 Self-report, PTB, LBW

MLS Cohort Unexposed: 90.6 Meconium

Fergussonet 2002 Prospective Low England 12,129 MJ use NR by group Self-report PTB, Perinatal

al.¥ Cohort mortality

ALSPAC

Quinlivanet 2002 Prospective Low Australia 456 MJ Use: 13.6 Self-report PTB

al.#® Cohort Unexposed: 79.6

Sherwood et 1999 Retrospective Moderate UK 283 MJ Use: 11.0 Tox screen Perinatal mortality

al.>® Cohort Unexposed: 89.0

Berenson et al.>'1996  Retrospective Low USA 238 MJ Use: 38.2 Tox screen LBW
Cohort Unexposed: 61.8

Cornelius et 1995 Prospective Low USA 310 MIJ Use: 17.7 Self-report SGA, LBW

al.>? Cohort Unexposed: 82.3

Shiono et al.>> 1995 Prospective Low USA 7,470 MIJ Use: 11.0 Self-report, Tox PTB, LBW
Cohort Unexposed: 89.0 screen

Kliegman et 1994 Prospective Low USA 425 NR by MJ use status  Self-report, Tox PTB, LBW

al.>* Cohort screen

Hayes etal.>®> 1988 Prospective Low Jamaica 56 MJ Use, irregular: Self-report PTB, Perinatal
Cohort 19.6 mortality




Participants by

Author Study group MJ use
Study Year Design ROB Location Total N % ascertainment Outcomes
MJ Use, moderate:
19.6
MIJ Use, heavy: 14.3
Unexposed: 46.5
Hatch et al.®® 1986 Prospective Low USA 3,857 MJ Use, <1 per Self-report PTB, SGA, LBW
Cohort month: 4.1
MIJ Use, >1 per
month: 5.4
Unexposed: 90.5
Tennes et al.°” 1985 Prospective Low USA 756 MJ Use: 34.1 Self-report PTB
Cohort Unexposed: 65.9
Gibson et al.°® 1983 Prospective Low Australia 7,310 MJ Use, < weekly:  Self-report PTB, Perinatal
Cohort 4.9 mortality, LBW
MJ Use, > weekly:
0.5
Unexposed: 94.6
Greenland et 1982 Prospective Low USA 71 MJ Use: 49.3 Self-report, Tox PTB, LBW
al.”? Cohort Unexposed: 50.7 screen,
Umbilical cord
Fried etal.® 1980 Prospective Low Canada Initial Initial Cohort Self-report PTB
Ottawa Study Cohort cohort: 291 MJ use, heavy: 3.8
Updated MJ use, moderate: 1.7
Cohort: 583 MJ use, irregular:

14.1
Unexposed: 80.4

Updated Cohort
MJ use, heavy: 3.1

MIJ use, moderate: 3.1




Participants by
Author Study group MJ use
Study Year Design ROB Location Total N % ascertainment Outcomes

M use, irregular: 8.2
Unexposed: 85.6

?indicates newly added study

Abbreviations. AABC PDR: American Association of Birth Centers Perinatal Data Registry; ALSPAC: Avon Longitudinal Study of
Pregnancy and Childhood; APGAR: appearance, pulse, grimace, activity, respiration; BEAM: Beneficial Effects of Antenatal
Magnesium Sulfate; GA: gestational age; LEAF: Lifestyle and Early Achievement in Families; LBW: low birth weight; MJ:
marijuana; MLS: Maternal Lifestyle Study; MoBa: The Norwegian Mother, Father and Child Cohort Study; nuMoM2b: Nulliparous
Pregnancy Outcomes Study Monitoring Mothers-to-be; NICU: neonatal intensive care unit; NR: not reported; PTB: preterm birth;
SCOPE: Screening fOr Pregnancy Endpoints; SCRN: Stillbirth Collaborative Research Network; SGA: small for gestational age; UK:
United Kingdom; USA: United States of America; WATCH: Working in Appalachia To identify at-risk infants, Critical congenital
heart disease, and Hearing loss



Table 2. Summary of Findings for Cannabis Use During Pregnancy and Perinatal Outcomes

Outcome
Number of
Studies
Sample Size | Findings CoE Relationship Rationale
Low birth weight (LBW; < 2,500¢)
24 Unadjusted OR, 2.06 Moderate | After Downgraded 1 level
studies!®!14 | (95% CI, 1.70 to 2.49) adjustment, for risk of bias (if
16,19-21,25- based on studies 20 increased odds | compared with a
28,33,35.3840.414 | with 2,407,129 of LBW with target RCT)
4:47.51,52,54,56.59 | participants use of cannabis
N= during
2,412,060 Adjusted OR, 1.75 pregnancy.

(95% CI, 1.41 to 2.18) Results

based on studies 20 remained stable

with 1,763,753 after sensitivity

participants analysis

removing

Sensitivity analysis: studies with

aOR, 2.36 (95% CI, people who

1.50 to 3.72) based on used low or

5 studies reporting undefined

groups with heavy use amounts of

(n=1,028,011) cannabis during

pregnancy

Preterm birth (PTB; <37 weeks)
42 studies'® | Unadjusted OR, 1.60 | Moderate | After Downgraded 1 level
30,32,33,35- (95% CI, 1.41 to 1.83) adjustment, for risk of bias (if
37,4042,43,45- Based on 40 studies increased odds | compared with a
49,52,54-60 with 20,483,442 of PTB with use | target RCT)
N= participants of cannabis
21,131,345 during

Adjusted OR, 1.52; pregnancy.

(95% CI, 1.26 to 1.83) Results

Based on 20 studies
with 20,938,125

remained stable
after sensitivity

participants analysis
removing
Sensitivity analysis: studies with
aOR, 1.95 (95% CI, people who
1.40 to 2.73) based on used low or
7 studies reporting undefined
groups with heavy use amounts of
(n=16,382,469) cannabis during
pregnancy

Perinatal mortality (PM; e.g., stillbirth, fetal demise)




Based on 6 studies with
16,868,920 participants

After sensitivity
analysis

16 studies'” | Unadjusted OR, 1.92 | Low After Downgraded 1 level
16,22,29- (95% CI, 1.57 to 2.34) adjustment, for risk of bias (if
32,34,37.39.49.50.5 | Based on 15 studies increased odds | compared with a
> with of perinatal target RCT) and 1
N= 16,376,729participants mortality with level for indirectness
16,999,369 use of cannabis | (clinical
Adjusted OR, 1.29 during heterogeneity due to
(95% CI, 1.07 to 1.55) pregnancy. varying outcome

definitions)

Based on 12 studies

remained stable

with 4,520,474 after sensitivity
participants analysis
removing
Sensitivity analysis: studies with
aOR, 1.63 (95% (I, people who
1.35 to 1.96) based on used low or
4 studies reporting undefined
groups with heavy use amounts of
(n=3,167,792) cannabis during
pregnancy

removing
Sensitivity analysis: studies with
aOR, 1.25 (95% (I, people who
0.92 to 1.69) based on used low or
3 studies reporting undefined
groups with heavy use amounts of
(n=15,581,643) cannabis during
pregnancy,
results were no
longer
statistically
significant.
Small for gestational age (SGA; < 10th percentile given sex)
21 studies'” | Unadjusted OR, 1.96; Moderate | After Downgraded 1 level
12,14,16-18,21- 95% CI, 1.65 t0 2.33 adjustment, for risk of bias (if
24.27:29.32.3436.3 | Based on 20 studies increased odds | compared with a
7:42,446,53,56 with 7,815,869 of SGA birth target RCT)
N= participants with cannabis
7,816,179 use during
Adjusted OR, 1.57; pregnancy.
95% CI, 1.36 to 1.81 Results

Abbreviations. CI: confidence interval; CoE: certainty of the evidence; MD: mean difference; OR: odds ratio;
PI: prediction interval; PTB: preterm birth; RCT: randomized controlled trial; SGA: small-for-gestational age

Note. We started the CoE as high, with downgrading, if compared with a target RCT per the GRADE
guidelines.®
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eFigure 2. Forest Plot: Unadjusted analysis of preterm birth
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eFigure 3. Forest Plot: Unadjusted analysis of perinatal mortality
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eFigure 4. Forest Plot:
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eFigure 5. Forest Plot: Sensitivity anlysis of adjusted low birth weight
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eFigure 6. Forest Plot: Sensitivity anlysis of adjusted preterm birth
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eFigure 7. Forest Plot: Sensitivity anlysis of adjusted perinatal mortality
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eFigure 8. Forest Plot: Sensitivity anlysis of adjusted small for gestational
age
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elable 1. Definitions of heavy cannabis use from studies included in
sensitivity analyses

Study Definition of heavy cannabis use during pregnancy
Avalos 2023 Daily cannabis use
Jones 2022 Meconium tested THC positive

Joseph-Lemon 2022

Cannabis use in third trimester

Oni 2022

Diagnostic code for CUD

Prewitt 2022 Diagnostic code for CUD
Petrangelo 2019 Diagnostic code for CUD
Leemaqgz 2016 Continued cannabis use at 20 weeks of gestation
Bonello 2014 Diagnostic code for CUD
Burns 2006 Diagnostic code for CUD

Abbreviations. CUD: cannabis use disorder; THC: Delta-9 tetrahydrocannabinol




eMethods. Search Strategies

Database: Ovid MEDLINE(R) ALL <1946 to April 03, 2024>

Search Strategy:

1 Marijuana Abuse/ or Marijuana Smoking/ or "Marijuana Use"/ or Medical Marijuana/ or
Cannabis/ or exp Cannabinoids/ or Endocannabinoids/ or Cannabidiol/ or Cannabinol/ or
Dronabinol/ (45148)

2 (cannabi* or CBD or CBDA or CBDV or endocannabinoid* or marijuana* or marihuana* or
phytocannabinoid* or phyto-cannabinoid* or hashish or hash or ganja or ganjah or hash-oil or
hemp or bhang or charas or THC* or tetrahydrocannabi* or tetra-hydrocannabi* or "c. sativa" or
"c. indica").ti,ab,kf. (83457)

3 (9tetrahydrocannabi* or 9-tetrahydrocannabi* or DELTA9tetrahydrocannabi* or "DELTA-9-
tetrahydrocannabi* DELTA(9)-tetrahydrocannabi*" or DELTA9THC or DELTA9-THC or
DELTA-9-THC or 9THC or 9-THC or D9THC or D-9-THC or D9-THC or "A9-THC" or
"A9THC").ti,ab kf. (5776)

4  (8tetrahydrocannabi* or 8-tetrahydrocannabi* or DELTAS8tetrahydrocannabi* or "DELTA-8-
tetrahydrocannabi* DELTA(8)-tetrahydrocannabi*" or DELTASTHC or DELTAS-THC or
DELTA-8-THC or 8THC or 8-THC or D8THC or D-8-THC or D8-THC or "A8-THC" or
"A8THC").ti,ab kf. (499)

5 or/1-4 (87853)

6  Abortion, Spontaneous/ or Gravidity/ or exp Labor, Obstetric/ or Live Birth/ or Maternal-
fetal Exchange/ or Maternal Behavior/ or Maternal Exposure/ or Maternal Mortality/ or Mothers/
or Parity/ or exp Parturition/ or Perinatal Care/ or Peripartum Period/ or Placentation/ or
Postnatal Care/ or Postpartum Period/ or Pregnancy/ or exp Pregnancy Complications/ or
Pregnancy, High-risk/ or Pregnancy in Adolescence/ or exp Pregnancy Maintenance/ or
Pregnancy Outcome/ or Pregnancy Rate/ or Pregnancy Trimesters/ or Pregnancy Trimester, First/
or Pregnancy Trimester, Second/ or Pregnancy Trimester, Third/ or Pregnant Women/ or
Premature Birth/ or Prenatal Care/ or Stillbirth/ or (gestat* or maternal* or mother* or obstetric*
or pregnan®).hw. (1201686)

7  (abortion* or antenatal* or ante-natal or birth* or childbirth* or gestat* or gravid* or
maternal or maeconium or meconium or miscarriage™® or parity or parturit® or perinatal® or peri-
natal* or peripartum or peri-partum or postnatal® or post-natal* or postdelivery or post-delivery
or postpartum or post-partum or preconception or pre-conception or pregnan® or prenatal® or
pre-natal® or puerper® or stillbirth* or "still birth" or trimester*®).ti,ab,kf. (1364352)

8  Abnormalities, Drug Induced/ or Birth Weight/ or Congenital Abnormalities/ or
Embryology/ or exp Embryonic Structures/ or "Embryonic and Fetal Development"/ or Fetal
Development/ or exp Fetus/ or Gestational Sac/ or Infant/ or Infant Mortality/ or exp Infant
Death/ or Perinatal Death/ or Fetal Death/ or Perinatal Mortality/ or Infant, Newborn/ or Infant,
Newborn, Diseases/ or Infant, Low Birth Weight/ or Infant, Small for Gestational Age/ or Infant,
Very Low Birth Weight/ or Infant, Extremely Low Birth Weight/ or Infant, Postmature/ or Infant,
Premature/ or Infant, Extremely Premature/ or Neonatal Intensive Care/ or Neonatal Screening/
or Neural Tube Defects/ or exp Placenta/ or Prenatal Diagnosis/ or Prenatal Injuries/ or (birth* or
congenital or developmental or embryo* or fetal* or fetus* or neonat® or neurodevelopmental or
newborn or perinatal® or premature or prenatal*).hw. (2193496)

9 (baby or babies or congenital* or embryo* or fetal or foetal or fetus or foetus or "in-utero" or
"in utero" or infancy or infant* or neonat* or neo-nat* or newborn* or "new born*" or preterm or
pre-term).ti,ab,kf. (1782275)



10 or/6-9 (3636397)

11 5and 10 (6329)

12 limit 11 to english language (6125)

13 limit 12 to yr="2022 -Current" (1005)

14 (animals/ not (animals/ and humans/)) or (baboon* or bovine$1 or canine$1 or cat$1 or
chimpanzee$1 or dog$1 or feline$1 or hen$1 or macque* or mice or monkey$1 or mouse or
murine or pig$1 or porcine or rabbit$1 or rat or rats or rattus or rhesus or rodent$1 or
zebrafish).ti. (5611661)

15 13 not 14 (862)

16  Case-control Studies/ or Cohort Studies/ or Follow-up Studies/ or Longitudinal Studies/ or
Prospective Studies/ or Retrospective studies/ or (before-after or case-control or cohort or
cohorts or comparative or followup or follow-up or groups or longitudinal* or observational or
prospective* or retrospective® or confound* or control* or matched).ti,ab,kf. or (comparative
study or observational study).pt. or "research monograph".nj. (11009637)

17  (Meta-analysis or Review or Systematic Review).pt. or (metaanal* or meta-anal* or
"clinical guideline" or ((evidence or integrative or literature or overview or systematic or
umbrella) adj3 (review or synthesis))).ti. or (cinahl or cochrane or embase or medline or psyclit
or psycinfo or pubmed or scopus or "web of science").ab. (3658373)

18 or/16-17 (13705662)

19 15 and 18 (568)

Database: Global Health <1973 to 2024 Week 13>

Search Strategy:

1  (cannabis or canabis or cannabinoid* or cannabidiol* or CBD or cannabacae or
endocannabinoid* or marijuana or marihuana or phytocannabinoid* or phyto-cannabinoid* or
hashish or hash or ganja or ganjah or hash-oil or hemp or bhang or charas or THC or
tetrahydrocannabinol* or tetra-hydrocannabinol* or 9?tetrahydrocannabinol or DELTA?9?-
tetrahydrocannabinol or "delta 9 the" or "delta9 the" or "9-THC" or "c. sativa" or "c.
indica").ti,ab. (15023)

2 (abortion* or antenatal* or ante-natal* or breastfed or breast-fed or breastfeeding or breast-
feeding or breastmilk or "breast milk" or birth* or childbirth* or gestat® or gravid* or lactat* or
maternal or maeconium or meconium or miscarriage® or mother* or parity or parturit* or
perinatal® or peri-natal® or peripartum or peri-partum or postnatal® or postdelivery or post-
delivery or post-natal® or postpartum or post-partum or preconception or pre-conception or
pregnan® or prenatal® or pre-natal* or puerper* or stillbirth* or "still birth" or trimester®).ti,ab.
(335500)

3 (baby or babies or congenital* or embryo* or fetal or foetal or fetus or foetus or "in-utero" or
"in utero" or infancy or infant* or neonat* or neo-nat* or newborn* or "new born*" or preterm or
pre-term).ti,ab. (249962)

4 or/2-3 (442408)

5 and/1,4 (1101)

6 5 not ((baboon* or cat or cats or cow or cows or dog or dogs or mice or monkey* or mouse
or primate*® or rat or rats or sow or sows or zebrafish).ti. or exp *Epilepsy/ or epilep*.ti.) (1019)
7 6 and (before-after or case-control or cohort or cohorts or comparative or followup or
follow-up or groups or longitudinal* or observational or prospective® or retrospective™ or
confound* or control* or matched).ti,ab. (596)



8 limit 7 to english language (580)
9 limit 8 to yr="2010 -Current" (467)
10 limit 9 to yr="2022 -Current" (94)

Database: APA PsycInfo <1806 to March Week 4 2024>

Search Strategy:

1  exp Cannabinoids/ or Cannabis/ or "Cannabis Use Disorder"/ or Hashish/ or Marijuana
Usage/ or Marijuana/ or Tetrahydrocannabinol/ (20381)

2 (cannabis or canabis or cannabinoid* or cannabidiol* or CBD or cannabacae or
endocannabinoid* or marijuana or marihuana or phytocannabinoid* or phyto-cannabinoid* or
hashish or hash or ganja or ganjah or hash-oil or hemp or bhang or charas or THC or
tetrahydrocannabinol* or tetra-hydrocannabinol* or 9?tetrahydrocannabinol or DELTA?9?-
tetrahydrocannabinol or "delta 9 the" or "delta9 the" or "9-THC" or "c. sativa" or "c.
indica").ti,ab. (32789)

3 or/1-2(33507)

4  exp Birth/ or Birth Weight/ or Breast Feeding/ or Fertilization/ or Expectant Mothers/ or exp
Fertility/ or "Labor (Childbirth)"/ or Premature Birth/ or exp Lactation/ or Mothers/ or exp
Obstetrical Complications/ or Perinatal Period/ or exp Placenta/ or Postnatal Period/ or exp
Pregnancy/ or exp Pregnancy Outcomes/ or exp Premature Birth/ or exp Prenatal Care/ or exp
Prenatal Development/ or exp Prenatal Developmental Stages/ or exp Prenatal Diagnosis/ or exp
Prenatal Exposure/ or Spontaneous Abortion/ or (gestat® or maternal* or mother* or obstetric* or
pregnan®).hw. (137114)

5 (abortion* or antenatal* or ante-natal* or breastfed or breast-fed or breastfeeding or breast-
feeding or breastmilk or "breast milk" or birth* or childbirth* or gestat* or gravid* or lactat® or
maternal or maeconium or meconium or miscarriage® or mother* or parity or parturit* or
perinatal* or peri-natal* or peripartum or peri-partum or postnatal® or postdelivery or post-
delivery or post-natal* or postpartum or post-partum or preconception or pre-conception or
pregnan*® or prenatal* or pre-natal* or puerper* or stillbirth* or "still birth" or trimester*).ti,ab.
(284690)

6  Congenital Disorders/ or exp Brain Development/ or exp Developmental Disabilities/ or exp
Drug Induced Congenital Disorders/ or Early Childhood Development/ or Embryo/ or exp Fetus/
or Infant Development/ or Neonatal Development/ or exp Neonatal Disorders/ or Neonatal
Intensive Care/ or Neonatal Period/ or Perinatal Period/ or Postnatal Period/ or exp Prenatal
Development/ or Prenatal Developmental Stages/ or Prenatal Diagnosis/ or exp Prenatal
Exposure/ or (birth* or child* or congenital or development® or embryo* or fetal* or foetal* or
fetus® or foetus* or infant* or neonat* or neurodevelopment™ or neuro-development™® or
newborn*® or perinatal® or peri-natal* or premature or prenatal*).hw. (650053)

7  (baby or babies or congenital* or embryo* or fetal or foetal or fetus or foetus or "in-utero" or
"in utero" or infancy or infant* or neonat® or neo-nat* or newborn* or "new born*" or preterm or
pre-term).ti,ab. (163445)

8 or/4-7 (849570)

9 and/3,8 (4340)

10 9 not ((baboon* or cat or cats or cow or cows or dog or dogs or mice or monkey* or mouse
or primate*® or rat or rats or sow or sows or zebrafish).ti. or exp *Epilepsy/ or epilep*.ti.) (4037)
11 limit 10 to english language (3860)



12 ("0430 followup study" or "0450 longitudinal study" or "0451 prospective study" or "0453
retrospective study").md. or (before-after or case-control or cohort or cohorts or followup or
follow-up or groups or longitudinal®* or observational or prospective* or retrospective®).ti,ab.
(979775)

13 and/11-12 (1674)

14 limit 13 to yr="2010 -Current" (1186)

15 ("0830 systematic review" or "0800 literature review" or "1200 meta analysis").md. or
(metaanal* or meta-anal* or "clinical guideline" or ((evidence or integrative or literature or
overview or systematic or umbrella) adj3 (review or synthesis))).ti. or (cinahl or cochrane or
embase or medline or pubmed or scopus or "web of science").ab. (92033)

16 and/11,15 (101)

17 16 not 13 (59)

18 limit 17 to yr="2023 -Current" (7)

Database: CINAHL

Interface - EBSCOhost Research Databases

Search Screen - Advanced Search Database - CINAHL Plus with Full Text

Limiters - Publication Date: 20140101-20241231; English

Language; Peer Reviewed; Exclude MEDLINE records; Human; Language: English Expanders - Apply equivalent
subjects

Search modes - Boolean/Phrase

# Query

S1 (MH "Medical Marijuana") OR (MH "Cannabis")

S2 TI ( (cannabis OR canabis OR cannabinoid* OR cannabidiol* OR CBD OR cannabacae OR
endocannabinoid* OR marijuana OR marihuana OR phytocannabinoid* OR phyto- cannabinoid* OR
hashish OR hash OR ganja OR ganjah OR hash-oil OR hemp OR bhang OR charas OR THC OR
tetrahydrocannabinol* OR tetra- hydrocannabinol* OR 9#tetrahydrocannabinol OR DELTA#9#-
tetrahydrocannabinol
OR "delta 9 the" OR "delta9 thc" OR "9-THC" OR "c. sativa" OR "c. indica") ) OR AB ( (cannabis OR
canabis OR cannabinoid* OR cannabidiol* OR CBD OR cannabacae OR endocannabinoid* OR
marijuana OR marihuana OR phytocannabinoid* OR phyto- cannabinoid* OR hashish OR hash OR
ganja OR ganjah OR hash-oil OR hemp OR bhang OR charas OR THC OR
tetrahydrocannabinol* OR tetra- hydrocannabinol* OR 9#tetrahydrocannabinol OR DELTA#9#-
tetrahydrocannabinol OR "delta 9 thc" OR "delta9 the" OR "9-THC" OR "c. sativa" OR "c. indica") )

S3 S1OR S2

S4 (MH "Abortion, Spontaneous+") OR (MH "Breast Feeding+") OR (MH "Childbirth+") OR (MH
"Childbirth, Premature") OR (MH "Delivery, Obstetric+") OR (MH "Expectant Mothers") OR (MH
"Fertility+") OR (MH "Fertilization+") OR (MH "Fetal Circulation") OR (MH "Fetal Development+")
OR (MH "Labor+") OR (MH "Lactation") OR (MH "Maternal Behavior") OR (MH "Maternal-Child
Health") OR (MH "Maternal Exposure") OR (MH "Maternal-Fetal Exchange") OR (MH "Maternal
Mortality") OR (MH "Mothers") OR (MH "Parity") OR (MH "Periconceptual Period") OR (MH
"Perinatal Death") OR (MH
"Perinatal Care") OR (MH "Postnatal Care") OR (MH "Postnatal Period+") OR (MH "Pregnancy+") OR
(MH "Pregnancy, High Risk") OR (MH "Pregnancy Trimesters+") OR (MH "Pregnancy Outcomes") OR
(MH "Prenatal Bonding") OR (MH "Prenatal Care") OR (MH "Prenatal Exposure Delayed Effects") OR
(MH "Puerperium") OR (MH "Reproduction") OR OR (MH "Substance Abuse, Perinatal™)

S5 MW (gestat* OR maternal* OR mother* OR obstetric* OR pregnan*)

S6 TI ( (abortion* OR antenatal* OR ante-natal* OR breastfed OR breast-fed OR breastfeeding OR breast-
feeding OR breastmilk OR "breast milk" OR birth* OR childbirth* OR gestat* OR gravid* OR lactat*
OR maternal OR maeconium OR meconium OR miscarriage* OR mother* OR parity OR parturit* OR
perinatal* OR peri-natal®* OR peripartum OR peri-partum OR postnatal* OR postdelivery OR post-
delivery OR post-natal* OR postpartum OR post-partum OR preconception OR pre-conception OR



S7

S8

S9

S10
S11
S12

S13
S14

S15
S16
S17

Query

pregnan* OR prenatal* OR pre-natal* OR puerper* OR stillbirth* OR "still birth" OR trimester*) ) OR
AB ( (abortion* OR antenatal* OR ante- natal* OR breastfed OR breast-fed OR breastfeeding OR
breast- feeding OR breastmilk OR "breast milk" OR birth* OR childbirth* OR gestat* OR gravid* OR
lactat* OR maternal OR maeconium OR meconium OR miscarriage* OR mother* OR parity OR
parturit* OR perinatal* OR peri-natal* OR peripartum OR peri-partum OR

postnatal®* OR postdelivery OR post-delivery OR post-natal* OR postpartum OR post-partum OR
preconception OR pre-conception OR pregnan* OR prenatal* OR pre-natal* OR puerper* OR stillbirth*
OR "still birth" OR trimester*) )

(MH "Heart Defects, Congenital+") OR (MH "Limb Deformities, Congenital+") OR (MH "Infant
Development Disorders") OR (MH "Child Development Disorders, Pervasive+") OR (MH "Child
Development Disorders+") OR (MH "Malformations of Cortical Development+") OR (MH "Fetal
Development+") OR (MH "Infant Development") OR (MH "Child Development") OR (MH "Growth
and Embryonic Development+") OR (MH "Fetal Weight") OR (MH "Embryo+") OR (MH "Blastocyst")
OR (MH "Fetal Development") OR (MH "Fetus+") OR (MH "Fetal Abnormalities") OR (MH "Postnatal
Period") OR (MH "Postnatal Care") OR (MH "Puerperium") OR (MH "Substance Abuse, Perinatal") OR
(MH "Prenatal Exposure Delayed Effects") OR (MH "Substance Abuse, Perinatal") OR (MH "Prenatal
Care") OR (MH "Infant, Newborn") OR (MH "Infant, High Risk") OR (MH "Neonatal Abstinence
Syndrome") OR (MH "Infant Behavior") OR (MH "Infant, Premature") OR (MH "Infant, Very Low
Birth Weight") OR (MH
"Infant, Drug-Exposed") OR (MH "Infant, Postmature") OR (MH "Intensive Care Units, Neonatal") OR
(MH "Infant Mortality") OR (MH "Neonatal Assessment") OR (MH "Infant, Small for Gestational Age")
OR (MH "Infant, Large for Gestational Age") OR (MH "Infant, Hospitalized") OR (MH "Infant Death")
OR (MH "Intensive Care, Neonatal") OR (MH "Parent-Infant Bonding") OR (MH "Anemia, Neonatal")
OR (MH "Infant, Low Birth Weight") OR (MH "Mother- Infant Relations") OR (MH "Infant+") OR
(MH "Infant Behavior") OR (MH "Infant, Premature") OR (MH "Infant, High Risk") OR (MH "Infant,
Very Low Birth Weight") OR (MH "Infant, Drug-Exposed") OR (MH "Infant, Small for Gestational
Age") OR (MH "Infant, Large for Gestational Age") OR (MH "Infant Death") OR (MH "Parent-Infant
Bonding") OR (MH "Infant, Newborn") OR (MH "Infant, Hospitalized") OR (MH "Infant, Low Birth
Weight") OR (MH "Infant Feeding") OR (MH "Parent-Infant Relations") OR (MH "Infant Development
Disorders") OR (MH "Mother-Infant Relations")

OR (MH "Infant Development") OR (MH "Term Birth")

MW (birth* OR child* OR congenital OR development* OR embryo* OR fetal* OR foetal* OR fetus*
OR foetus* OR infant* OR neonat* OR neurodevelopment® OR neuro-development®* OR newborn* OR
perinatal* OR peri- natal* OR premature OR prenatal*)

TI ( (baby OR babies OR boy* OR child* OR congenital* OR embryo* OR fetal OR foetal OR fetus OR
foetus OR girl* OR "in-utero" OR "in utero" OR infancy OR infant* OR neonat* OR neo-nat* OR
newborn* OR "new born*" OR offspring OR preterm OR pre-term

) ) OR AB ( (baby OR babies OR boy* OR child* OR congenital* OR embryo* OR fetal OR foetal OR
fetus OR foetus OR girl* OR "in- utero" OR "in utero" OR infancy OR infant* OR neonat* OR neo-
nat* OR newborn* OR "new born*" OR offspring OR preterm OR pre- term) )

S4 OR S5 OR S6 OR S7 OR S8 OR S9

S3 AND S10

TI (baboon* OR cat OR cats OR cow OR cows OR dog OR dogs OR epilep* OR mice OR monkey* OR
mouse OR pig OR pigs OR primate* OR rat OR rats OR sow OR sows OR zebrafish)

S11 NOT S12

TI ( (before-after OR case-control OR cohort OR cohorts OR followup OR follow-up OR groups OR
longitudinal* OR observational OR prospective* OR retrospective®) ) OR AB ( (before- after OR case-
control OR cohort OR cohorts OR followup OR follow-up OR groups OR longitudinal* OR
observational OR prospective* OR retrospective*) )

S13 AND S14

TI (adolescen* or young adult* or schoolage* or youth)

s15 notsl6
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