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IMPORTANCE Prenatal cannabis use continues to increase, and cannabis remains the most
commonly used illegal substance in pregnancy. Accumulating evidence suggests potential
adverse effects on fetal and neonatal outcomes following cannabis use in pregnancy.

OBJECTIVE To update a living systematic review and meta-analysis to provide a timely
understanding regarding cannabis use in pregnancy and fetal and neonatal outcomes.

DATA SOURCES The previous review was updated by searching bibliographic databases
MEDLINE, CINAHL, PsycInfo, Global Health, and Evidence-Based Medicine 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, such as co-use of tobacco products, were included. Two independent reviewers
screened studies, with disagreements resolved through discussion.

DATA EXTRACTION AND SYNTHESIS Included studies were extracted by 1 reviewer and
confirmed by a second. Risk of bias was assessed with the Newcastle-Ottawa Scale.
Random-effects meta-analyses of unadjusted and adjusted odds ratios (ORs) were performed
for all primary outcomes. Results were synthesized using the Grading of Recommendations
Assessment, Development, and Evaluation approach.

MAIN OUTCOMES AND MEASURES Primary outcomes were preterm birth (PTB; <37 weeks of
gestation), small for gestational age (SGA), low birth weight (LBW; <2500 g), and perinatal
mortality.

RESULTS For this update, 8 new studies with 1 709 998 participants were added, for a total of
51 studies synthesized (N = 21 146 938). From meta-analyses of adjusted effect sizes,
moderate-certainty evidence indicated that cannabis use in pregnancy was associated with
increased odds of LBW (20 studies; OR, 1.75; 95% CI, 1.41-2.18), PTB (20 studies; OR, 1.52;
95% CI, 1.26-1.83), and SGA (12 studies; OR, 1.57; 95% CI, 1.36-1.81), and low-certainty
evidence indicated that it was associated with greater odds of perinatal mortality (6 studies;
OR, 1.29; 95% CI, 1.07-1.55). Previously, the evidence was rated as very low or low certainty.

CONCLUSIONS 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, and confidence in
these findings increased from low in the prior review to moderate in the current
meta-analysis. The findings of this study may help inform patient counseling and future public
health policies.
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D uring the past 2 decades, the prevalence of prenatal
cannabis use has more than doubled.1 Cannabis is
now the most commonly used federally illegal drug

in pregnancy.1 Given that Δ9-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.2 Nonetheless,
clinicians are not consistently counseling patients regarding
prenatal cannabis use, partly because of the limited and
mixed available evidence.3 While the existing literature sug-
gests that prenatal cannabis use is associated with a range
of potential risks, including stillbirth and fetal growth
restriction,4-6 studies are often limited by self-reported can-
nabis 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 neona-
tal outcomes,6 which we maintain as a living systematic
review (LSR). Detailed methods can be found in the previ-
ous publication,6 with an updated protocol for the surveil-
lance portion of the review registered a priori to PROSPERO
(CRD42024578036). Briefly, we updated searches of MEDLINE,
CINAHL, PsycInfo, Global Health, and Evidence-Based
Medicine Reviews Cochrane Database of Systematic Reviews
from November 1, 2021, to April 4, 2024 (see eMethods in
Supplement 1 for search strategies). We included English-
language cohort or case-control studies of in-pregnancy
cannabis use vs less or no cannabis use that adjusted for
confounding factors (tobacco use at minimum). We followed
the Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) reporting guidelines.7

Two researchers independently screened all citations,
assessed eligibility, conducted risk-of-bias assessments, and
independently assigned a certainty-of-evidence (CoE) rating
using the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach. Disagreements
were 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; <2500 g), and perinatal mortality. For
this update, we replaced 1 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 clinical
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 down-
graded the evidence for internal validity concerns (risk of
bias) given GRADE working group guidance regarding nonran-
domized studies evaluating interventions.8

Statistical Analysis
This article reports our quantitative data synthesis (ie, meta-
analyses) of studies reporting unadjusted or adjusted effect size
estimates. Where necessary, we calculated odds ratios (ORs)
with 95% CIs, using count data from eligible studies. We calcu-
lated treatment estimates and standard errors within Excel (Mi-
crosoft Corp) using natural logarithms and constants, then used
the DerSimonian-Laird random-effects model to conduct meta-
analyses in R Studio version 2023.12.1 (R Foundation), express-
ing heterogeneity using the I2 statistic.9 Prediction intervals were
computed based on the random-effects model, taking into ac-
count both the heterogeneity between studies and the uncer-
tainty 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 association—we per-
formed post hoc sensitivity analyses of adjusted estimates re-
moving 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; eTable 1 in Supplement 1 lists definitions by study).

Results
From 2609 screened citations, we included 51 studies in 69 pub-
lications (N = 21 146 938) (Figure 1).10-60 Eight studies (N =
1 709 998) were added since the original publication (details of
included studies are shown in Table 1).10-14,16,19,20 Few studies
attempted to quantify the level of prenatal cannabis expo-
sure; those that did classified individuals who used cannabis
into categories of use based on either frequency (eg, heavy,
moderate, irregular) or duration of use during pregnancy (eg,
weeks of gestation, trimester), or they used diagnostic codes
to identify individuals with cannabis use disorder.

Table 2 synthesizes our findings, including meta-
analyses of unadjusted effect sizes. eFigures 1 through 4 in
Supplement 1 show forest plots for unadjusted analyses; eFig-
ures 5 through 8 in Supplement 1 show forest plots for ad-
justed sensitivity analyses.

We identified 24 studies analyzing the association be-
tween prenatal cannabis use and LBW (N = 2 412 060). In our
meta-analysis of adjusted effect sizes in 20 studies controlling

Key Points
Question Is cannabis use in pregnancy associated with neonatal
outcomes?

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

Meaning Using cannabis in pregnancy was associated with
increased risk of adverse neonatal outcomes; health care
professionals should include this in their patient counseling, and
increased public health measures are needed to raise awareness
on safety of use.
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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, 1.41-2.18) (Figure 2 and eTable 2 in Supplement 1).
In our dose-response association sensitivity analysis of 5 stud-
ies with participants who specified heavy cannabis use, the odds
of LBW increased (OR, 2.36; 95% CI, 1.50-3.72). Based on the con-
sistency and stability of evidence across these analyses and ac-
ceptable levels of certainty across other GRADE domains, we
rated the CoE as moderate for this finding.

We included 42 studies examining the association be-
tween prenatal cannabis use and PTB (N = 21 131 345). Based
on 20 studies reporting adjusted effect sizes (N = 20 938 125),
the odds of PTB increased for those using cannabis in preg-
nancy (OR, 1.52; 95% CI, 1.26-1.83). The sensitivity analysis in-
cluding only individuals with heavy cannabis use revealed
higher odds from those 7 studies combined (OR, 1.95; 95% CI,
1.40-2.73). Given this, we rated the CoE as moderate.

We identified 16 studies analyzing the association between
prenatal cannabis use and perinatal mortality (N = 16 999 369).
Our meta-analysis of 6 studies (N = 16 868 920) found in-
creased odds of perinatal mortality with use (OR, 1.29; 95%
CI, 1.07-1.55). 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, 0.92-1.69). Because of impreci-
sion in the sensitivity analysis and clinical heterogeneity from
varying outcome definitions (ie, stillbirth vs perinatal mortal-
ity), we rated the CoE as low.

We included 21 studies on the association of prenatal can-
nabis 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, 1.36-1.81). A sen-
sitivity analysis also showed increased odds among groups with

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

Discussion
In this LSR, we synthesized 51 studies evaluating prenatal can-
nabis 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 re-
ported similar findings in our prior review6 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 find-
ings, and the finding of a dose-response association. Our find-
ings are also consistent with prior reviews of this topic, al-
though some included studies that did not adjust for tobacco
co-use or other important confounders,5 and multiple publi-
cations have added to the body of evidence since that time.
Our review also analyzes more clinically relevant outcomes
than previous reviews.4,61 As prenatal cannabis use is a modi-
fiable risk factor, clinical and public health efforts to reduce it
have the potential to mitigate pregnancy and offspring mor-
bidity and mortality.

Strengths and Limitations
This study has several strengths. Clinicians can use our re-
sults 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 out-

Figure 1. Study Flow Diagram

893 Records identified from databases48 Studies included in previous version 
of review

44 Studies included in quantitative 
synthesis in previous version

708 Records screened

26 Reports sought for retrieval and 
assessed for eligibility

9 Reports (8 new studies) included 
in review 

185 Duplicate records removed 
before screening

682 Records excluded

51 Total studies included in
quantitative synthesis for
updated review

17 Reports excluded
6 Did not adjust for coexposure 

to tobacco
5 Not population of interest
5 Not outcomes of interest
1 Not exposure of interest
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Table 1. Characteristics of Studies Included in Quantitative Analysis

Source (location) Study design RoB

Participants

Cannabis use
ascertainment OutcomesTotal No.

By group, %

Cannabis use Unexposed
Avalos et al,10 2024
(US)a

Retrospective
cohort

Low 364 924 6.2 93.8 Self-report,
toxicology screen

PTB, SGA, LBW

Dunn et al,14 2023
(Australia)a

Retrospective
cohort

Moderate 3104 1.6 98.4 Self-report PTB, SGA, perinatal death,
LBW

Metz et al,13 2023;
nuMoM2b (US)a

Prospective cohort Low 9257 6.6 93.4 Toxicology screen PTB, perinatal death

Umer et al,11 2023;
Project WATCH (US)a

Retrospective
cohort

Low 34 412 6.5 87.8 Self-report,
toxicology screen

PTB, SGA, LBW

Jones et al,20 2022
(US)

Retrospective
cohort

Low 1540 31.4 68.6 Meconium PTB, LBW

Joseph-Lemon
et al,19 2022; AABC
PDR (US)a

Prospective cohort Moderate 25 427 3.2 96.8 Self-report,
toxicology screen

PTB, perinatal death, LBW

Koto et al,18 2022
(Canada)

Retrospective
cohort

Low 106 282 2.9 97.1 Self-report PTB, SGA

Luke et al,16 2022
(Canada)a

Retrospective
cohort

Low 1 280 447 1.9 88.1 Self-report PTB, SGA, perinatal death,
LBW

Oni et al,15 2022
(Australia)

Retrospective
cohort

Low 622 640 CUD, 0.3 99.7 Diagnostic code PTB, perinatal death, LBW

Prewitt et al,12 2023
(US)a

Retrospective
cohort

Low 2 380 446 CUD, 0.38 99.62 Diagnostic code PTB, SGA, perinatal death

Bandoli et al,24

2021 (US)
Retrospective
cohort

Low 3 067 069 Alone, 0.5;
with tobacco,
0.2

99.1 Diagnostic code PTB, SGA

Sasso et al,22 2021
(US)

Retrospective
cohort

Low 362 44.0 56.0 Self-report,
toxicology screen

PTB, SGA, perinatal death

Bailey et al,28 2020
(US)

Retrospective
cohort

Low 1062 50.0 50.0 Toxicology screen PTB, LBW

Gabrhelík et al,23

2021; MoBa
(Norway)

Prospective cohort Low 10 373 Short-term,
2.0;
long-term, 0.6

97.4 Self-report PTB, SGA

Klebanoff et al,26

2020; LEAF (US)
Prospective cohort Low 363 32.8 67.2 Self-report,

toxicology screen
PTB, LBW

Lee et al,17 2022
(US)

Retrospective
cohort

Low 466 9.7 9.0 Toxicology screen PTB, SGA, perinatal
mortality

Wong et al,25 2020
(Canada)

Retrospective
cohort

Low 25 263 2.2 97.8 Self-report PTB, LBW

Corsi et al,32 2019
(Canada)

Retrospective
cohort

Low 98 512 5.7 94.3 Self-report PTB, SGA, perinatal
mortality

Howard et al,31

2019 (US)
Retrospective
cohort

Low 2173 Intake visit,
16.0; delivery,
1.2;
intake +
delivery, 5.3

77.5 Toxicology screen Perinatal mortality

Kharbanda et al,27

2020 (US)
Retrospective
cohort

Low 3435 8.2 91.8 Toxicology screen PTB, SGA, LBW

Petrangelo et al,30

2019 (US)
Retrospective
cohort

Low 12 578 557 CUD, 0.5 99.5 Diagnostic code PTB, perinatal death

Rodriguez et al,29

2019 (US)
Retrospective
cohort

Low 1206 17.5 82.5 Self-report,
toxicology screen

PTB, SGA, perinatal death

Straub et al,21 2021
(US)

Retrospective
cohort

Low 5343 23.7 76.3 Toxicology screen PTB, SGA, LBW

Coleman-Cowger
et al,33 2018 (US)

Prospective cohort Low 414 14.5 85.5 Self-report,
toxicology screen

PTB, perinatal death, LBW

Dotters-Katz et al,34

2017; BEAM RCT
(US)

Retrospective
cohort

Low 1867 7.3 92.7 Self-report,
toxicology screen

PTB, SGA, perinatal death

Leemaqz et al,36

2016; SCOPE
(Australia, New
Zealand, UK,
Ireland)

Prospective cohort Low 5588 <15 wk GA,
2.6; 15 wk GA,
1.1; <20 wk
GA, 0.4; 20 wk
GA: 1.0; quit
before
pregnancy, 1.7

94.4 Self-report PTB, SGA

Mark et al,35 2016
(US)

Retrospective
cohort

Low 396 29.3 70.7 Self-report,
toxicology screen

PTB, LBW

Conner et al,38 2015
(US)

Retrospective
cohort

Low 8138 8.4 91.6 Self-report,
toxicology screen

LBW

(continued)
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Table 1. Characteristics of Studies Included in Quantitative Analysis (continued)

Source (location) Study design RoB

Participants

Cannabis use
ascertainment OutcomesTotal No.

By group, %

Cannabis use Unexposed
Warshak et al,37

2015 (US)
Retrospective
cohort

Low 6468 5.6 94.4 Self-report,
toxicology screen

PTB, SGA, perinatal death

Bonello et al,40

2014 (Australia)
Retrospective
cohort

Low 13 480 CUD, 2.7 97.3 Diagnostic code PTB, LBW

Varner et al,39 2014;
SCRN (US)

Case-control Low 1610 3.0 97.0 Self-report,
umbilical cord

PTB, SGA, perinatal death

Alhusen et al,41

2013 (US)
Prospective cohort Low 166 38.5 61.4 Self-report PTB, SGA, LBW

Hayatbakhsh et al,42

2012 (Australia)
Retrospective
cohort

Low 24 874 2.6 97.4 Self-report PTB, SGA, LBW

Gray et al,43 2010;
Growing Up Healthy
(US)

Prospective cohort Low 86 44.2 55.8 Self-report,
toxicology screen,
meconium

PTB

Schempf and
Strobino,44 2008
(US)

Retrospective
cohort

Low 808 15.2 84.8 Self-report,
toxicology screen

LBW

Lozano et al,45

2007; Meconium
Project (Spain)

Prospective cohort Low 974 5.3 89.9 Meconium PTB

Burns et al,46 2006
(Australia)

Retrospective
cohort

Low 416 834 CUD, 0.5 99.0 Diagnostic code PTB, SGA

Bada et al,47 2005;
MLS (US)

Prospective cohort Low 8637 9.4 90.6 Self-report,
meconium

PTB, LBW

Fergusson et al,49

2002; ALSPAC
(England)

Prospective cohort Low 12 129 NR NR Self-report PTB, perinatal mortality

Quinlivan and
Evans,48 2002
(Australia)

Prospective cohort Low 456 13.6 79.6 Self-report PTB

Sherwood et al,50

1999 (UK)
Retrospective
cohort

Moderate 283 11.0 89.0 Toxicology screen Perinatal mortality

Berenson et al,51

1996 (US)
Retrospective
cohort

Low 238 38.2 61.8 Toxicology screen LBW

Cornelius et al,53

1995 (US)
Prospective cohort Low 310 17.7 82.3 Self-report SGA, LBW

Shiono et al,52 1995
(US)

Prospective cohort Low 7470 11.0 89.0 Self-report,
toxicology screen

PTB, LBW

Kliegman et al,54

1994 (US)
Prospective cohort Low 425 NR NR Self-report,

toxicology screen
PTB, LBW

Hayes et al,55 1988
(Jamaica)

Prospective cohort Low 56 Irregular,
19.6;
moderate,
19.6; heavy,
14.3

46.5 Self-report PTB, perinatal mortality

Hatch and
Bracken,56 1986
(US)

Prospective cohort Low 3857 ≤1 Time/mo,
4.1; >1
time/mo, 5.4

90.5 Self-report PTB, SGA, LBW

Tennes et al,57 1985
(US)

Prospective cohort Low 756 34.1 65.9 Self-report PTB

Gibson et al,58 1983
(Australia)

Prospective cohort Low 7310 ≤Weekly, 4.9;
>weekly, 0.5

94.6 Self-report PTB, perinatal mortality,
LBW

Greenland et al,59

1982 (US)
Prospective cohort Low 71 49.3 50.7 Self-report,

toxicology screen,
umbilical cord

PTB, LBW

Fried,60 1980;
Ottawa Study
(Canada)

Prospective cohort Low Initial cohort,
291; updated
cohort, 583

Initial cohort:
heavy, 3.8;
moderate, 1.7;
irregular,
14.1; updated
cohort: heavy,
3.1; moderate,
3.1; irregular,
8.2

Initial cohort,
80.4; updated
cohort, 85.6

Self-report PTB

Abbreviations: AABC PDR, American Association of Birth Centers Perinatal Data
Registry; ALSPAC, Avon Longitudinal Study of Pregnancy and Childhood;
BEAM RCT, Beneficial Effects of Antenatal Magnesium Sulfate randomized
clinical trial; CUD, cannabis use disorder; GA, gestational age LBW, low birth
weight; LEAF, Lifestyle and Early Achievement in Families; MLS, Maternal
Lifestyle Study; MoBa, Norwegian Mother, Father, and Child Cohort Study;
nuMoM2b, Nulliparous Pregnancy Outcomes Study Monitoring Mothers-to-Be;

NR, not reported; PTB, preterm birth; RoB, risk of bias; SCOPE, Screening for
Pregnancy Endpoints; SCRN, Stillbirth Collaborative Research Network;
SGA, small for gestational age; WATCH, Working in Appalachia to Identify
At-Risk Infants, Critical Congenital Heart Disease, and Hearing Loss.
a Indicates newly added study.
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comes, strict exclusion criteria, and adjusted effect sizes in our
meta-analyses to account for confounders not addressed in
other prior large reviews.5 However, the study also has sev-
eral limitations. Our study was limited by heterogeneity in the
literature and lack of information on mode of delivery, tim-
ing, frequency, potency, or duration of prenatal cannabis use.
In addition, we were unable to adjust for confounding from se-
vere nausea and vomiting during pregnancy, which can also

increase the risk for adverse outcomes, including fetal growth
restriction, low birth weight, and preterm birth.62

Conclusions
The prevalence of prenatal cannabis use continues to increase.
The results of our updated systematic review and meta-

Figure 2. Forest Plots for Adjusted Meta-Analyses of Primary Outcomes
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LBW indicates low birth weight; OR, odds ratio; PTB, preterm birth; SGA, small for gestational age. The adjustments and stratification for each study are listed in
eTable 2 in Supplement 1.
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analysis suggest that prenatal cannabis use is independently as-
sociated 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 may help guide patient coun-
seling and harm reduction strategies and shape future public
health policies focused on prenatal cannabis use.
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