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Abstract 

Background  Cannabis use during pregnancy has been increasing and is associated with adverse neonatal out-
comes, such as low birth weight (LBW) and preterm birth (PTB). It remains largely unknown whether the association 
between cannabis use in pregnancy and increased risk of adverse neonatal outcomes is impacted by the frequency 
of cannabis use and whether thresholds exist below which risk is not significantly increased. The objective of this sys-
tematic review is to assess whether the association between cannabis use during pregnancy and the risk of adverse 
neonatal outcomes is dependent on the frequency of use and whether risk thresholds exist.

Methods  For this systematic review and dose–response meta-analysis, the Embase, MEDLINE, PsycINFO, CINAHL, 
and Web of Science databases will be searched for relevant studies published in English from January 2010 onwards. 
Studies that include pregnant individuals with singleton pregnancies and evaluate the association between canna-
bis use in pregnancy and adverse neonatal outcomes using case–control, cohort, or cross-sectional designs will be 
considered for inclusion. Studies must include information on cannabis use frequency reported according to at least 
three of the pre-defined categories of no use, yearly (1–11 days per year), monthly (1–3 days per month), weekly 
(1–4 days per week), and daily/near daily use (5–7 days per week). At least one of the following neonatal outcomes 
must be reported, according to the frequency of cannabis use: LBW (< 1500 g), PTB (before 37 weeks gestation), 
neonatal intensive care unit (NICU) admission, and mortality. Studies will be included that report results as risk ratios 
(RR), odds ratios (OR), hazard ratios (HR), or that include the raw data to be able to calculate them. A two-stage 
dose–response meta-analysis will be conducted. The risk of bias of included studies will be assessed using the JBI 
tools for cohort, case–control, and cross-sectional studies. Certainty of the evidence will be reported according 
to the GRADE approach and the review will be reported according to PRISMA guidelines.

Discussion  The frequency of cannabis is one factor that may influence the relationship between cannabis use 
in pregnancy and adverse neonatal outcomes. This review will quantify this relationship by determining whether risk 
thresholds exist.

Systematic review registration  PROSPERO CRD42023479978.
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Introduction
Cannabis use during pregnancy has been increasing 
in the past two decades [1]. In Canada, 7.2% of women 
aged 16–50 who had given birth within the last five years 
reported using cannabis during their most recent preg-
nancy in the 2023 Canadian Cannabis Survey (CCS) [2]. 
Rates of use during pregnancy as high as 15–28% have 
been reported in the literature, depending on the popula-
tion studied, mode of detection, and definition of use [3]. 
Rates of use are highest among those who are of a young 
maternal age, live in urban areas, and are socioeconomi-
cally disadvantaged [4]. Pregnant individuals have cited a 
multitude of reasons for continued cannabis use, such as 
the management of pregnancy-related nausea and sleep 
problems, and as an alternative to other medications [5].

Observed increases in cannabis use in pregnancy 
have coincided with cannabis legalization in many juris-
dictions [4]. Qualitative research evidence shows that 
pregnant individuals who use cannabis believe that legal-
ization has made it easier to access cannabis, decreased 
the stigma associated with use, reduced concerns related 
to involvement with child protective services, and 
increased the desire to use [4]. Studies have also shown 
that many individuals who continue to use cannabis dur-
ing pregnancy believe that there is no or only a slight risk 
of harm to the fetus from their cannabis use [4, 6]. A lack 
of clear information surrounding the safety of cannabis 
use in pregnancy and mixed messages from healthcare 
providers have also been cited as contributors to contin-
ued use [5, 7]. Taken together, changes to cannabis leg-
islation, limited safety information, trends of increasing 
use, and perceived low risk of use in pregnancy demon-
strate the importance of determining the impact of pre-
natal cannabis use on neonatal outcomes [8].

The main psychoactive ingredient in cannabis, delta-
9-tetrahydrocannabinol (THC), readily crosses the pla-
centa and can enter the fetal bloodstream [9]. Prior 
research has demonstrated that cannabis use in preg-
nancy is linked to adverse neonatal outcomes, although 
results have been conflicting [10–13]. Systematic reviews 
and meta-analyses have shown that cannabis use in preg-
nancy is associated with an increased risk of preterm 
birth (PTB), low birth weight (LBW), being small for 
gestational age (SGA), and admission to a neonatal inten-
sive care unit (NICU) [10, 11, 13, 14]. Contradictory to 
these results, a systematic review conducted by Connor 
and colleagues in 2016 concluded that maternal canna-
bis use in pregnancy was not an independent risk factor 
for SGA or LBW after adjusting for concurrent tobacco 

use [12]. Results of this review, however, indicated that 
the experience of adverse neonatal outcomes may be 
mediated by the frequency of cannabis use in pregnancy, 
although they were unable to account for tobacco use in 
this analysis. Pregnant individuals who used cannabis at 
least weekly were at significantly higher risk of LBW (two 
studies, risk ratio [RR] = 1.90, 95% confidence interval 
[CI] = 1.44–2.45) and PTB (five studies, RR = 2.04, 95% 
CI = 1.32–3.17) [12].

In the time since the previous review by Connor and 
colleagues was conducted, additional jurisdictions have 
legalized cannabis for recreational use and the literature 
surrounding the safety of cannabis use in pregnancy has 
expanded [12]. While this review assessed the outcomes 
of LBW and PTB in relation to the frequency of cannabis 
use, it was unable to adjust for tobacco use in analyses. 
The current review will therefore aim to include addi-
tional neonatal outcomes (e.g., NICU admission, mor-
tality, SGA), control for concurrent tobacco use, and 
capture additional studies published since the comple-
tion of the existing review. Additional existing reviews 
have assessed the relationship between cannabis use and 
adverse neonatal outcomes using only binary categories 
of cannabis use (e.g., use or no use) [10, 11]. This review 
will expand on these prior studies by including additional 
categories of cannabis use frequency.

While there are multiple factors that contribute to the 
“dose” of cannabis use, such as timing of use in pregnancy 
(first, second, or third trimester), method of use (e.g., 
inhalation or oral ingestion), and potency of the product 
used (THC content), many studies fail to report on both 
method of use and potency of the product used. Addi-
tionally, studies that report on the timing of cannabis use 
during pregnancy often do not report on the frequency 
of cannabis use. The focus of this review is therefore on 
the frequency of cannabis use during pregnancy (e.g., 
monthly, weekly, daily). Currently, organizations such as 
the Society of Obstetricians and Gynaecologists of Can-
ada (SOGC) [15] and the American College of Obste-
tricians and Gynecologists (ACOG) [16] recommend 
full abstinence from cannabis during pregnancy. This, 
however, may not be realistic or feasible, especially in 
jurisdictions, such as Canada, where recreational can-
nabis use has been legalized. The potential existence of 
identifiable risk thresholds for the frequency of canna-
bis use in pregnancy and adverse neonatal outcomes is 
important from a public health perspective. Such thresh-
olds could be used to inform policy and educational 
materials towards reducing potential adverse outcomes, 
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particularly in  situations where full abstinence is not 
a valid option. The objective of this systematic review 
meta-analysis is therefore to assess whether the associa-
tion between cannabis use during pregnancy and the risk 
of adverse neonatal outcomes is dependent on the fre-
quency of cannabis use.

Research question
Do significant, identifiable risk thresholds exist in a dose–
response relationship between the frequency of cannabis 
use (e.g., yearly, monthly, daily) during pregnancy and 
the development of adverse neonatal outcomes such as 
low birth weight, preterm birth, mortality, and neonatal 
intensive care unit admission?

Methods and analysis
This systematic review and dose–response meta-analysis 
will follow the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [17]. 
This protocol is reported according to PRISMA for sys-
tematic review protocols (PRISMA-P) checklist [18]. 
The PRISMA-P checklist for this protocol can be found 
in Additional File 1. This review has been registered with 
PROSPERO (CRD42023479978). The PROSPERO record 
will be updated with review amendments as applicable.

Inclusion and exclusion criteria
This review will consider studies that include pregnant 
individuals. Only those that report on outcomes for sin-
gleton pregnancies will be included as multiples ges-
tations are an independent risk factor for many of the 
outcomes of interest for this study (e.g., PTB) and could 
thus bias study results [19].

This review will consider studies that evaluate the 
effect of cannabis use during pregnancy on adverse neo-
natal outcomes according to predefined categorical lev-
els (frequencies) of cannabis exposure. The predefined 
categories were derived from the existing cannabis liter-
ature and are as follows: (1) never/no use, (2) 1–11 days 
a year (“yearly”), (3) 1–3 days a month (“monthly”), (4) 
1–4  days a week (“weekly”), and (5) 5–7  days a week 
(“daily/near-daily”) [20, 21]. All modes of cannabis use 
(e.g., smoking, vaping, ingestion) will be considered. 
Studies on synthetic cannabinoids (e.g., K2 or spice) and 
that report on cannabis use for medicinal purposes only 
will be excluded. There will be no restrictions placed 
on participant age. Only human-subject studies will be 
included.

This review will consider studies that include the fol-
lowing outcomes: LBW (weight at birth of < 2500  g), 
SGA (birth weight of less than the 10th percentile for 
gestational age), PTB (live birth before 37  weeks gesta-
tion), NICU admission, and mortality. Birth weight and 

gestational age reported as continuous variables will also 
be included as secondary outcomes. These outcomes 
were chosen due to their clinical importance and because 
a scoping exercise identified them as being among the 
most commonly reported outcomes in studies of neona-
tal effects of cannabis use in pregnancy.

Case–control, cohort, and cross-sectional study 
designs will be included. Case–control studies with 
less than ten matched pairs will be excluded due to 
the increased risk of bias in studies with sample sizes 
below this threshold [22]. Only studies published from 
January 2010 onward will be included as the potency 
of cannabis has increased greatly since that time (e.g., 
from 8.9% TCH in 2008 to over 17% THC in 2017) [23]. 
Including older studies from periods where cannabis 
potency was lower could therefore underestimate the 
effects of cannabis use during pregnancy on adverse 
neonatal outcomes. Because it is uncommon for obser-
vational studies to report on the potency of cannabis 
used, controlling for this increase during data analysis 
would be unfeasible. Studies published in English will 
be included. Studies published in other languages will 
be included based on the availability of translations. 
Studies published as peer-reviewed journal articles as 
well as grey literature (e.g., conference abstracts, dis-
sertations, government reports) will be considered for 
inclusion.

Search strategy
The search strategy will aim to locate both published 
and unpublished studies. An initial limited search of 
EMBASE (Ovid) was undertaken to identify articles 
on the topic. The text words contained in the titles and 
abstracts of relevant articles and search strategies of sys-
tematic reviews on similar topics were used to develop a 
full search strategy for EMBASE (Ovid) (Additional File 
2) with the aid of a research librarian. The search strategy, 
including all identified keywords and index terms, was 
adapted for each database searched. The reference lists of 
all studies selected for critical appraisal and similar sys-
tematic reviews will be screened for additional studies.

The databases to be searched include Embase (Ovid), 
MEDLINE (Ovid), CINAHL (EBSCOhost), PsycINFO 
(Ovid), and Web of Science (Clarivate Analytics). Sources 
of unpublished studies and grey literature to be searched 
include grey literature databases (e.g., National Grey 
Literature Collection, Canadian Agency for Drugs and 
Technologies in Health [CADTH] Grey matters) and 
the websites of relevant professional organizations (e.g., 
National Institute on Drug Abuse [NIDA] Canadian 
Institute for Substance use Research, International Drug 
Policy Consortium). A full list of grey literature sources 
to be searched can be found in Additional File 3.
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Study selection
Following the search, all identified citations will be col-
lated and uploaded into Covidence systematic review 
software (Veritas Health Innovation, Melbourne, Aus-
tralia), and duplicates removed. Titles and abstracts 
will then be screened by two independent reviewers for 
assessment against the inclusion criteria for the review. 
Potentially relevant studies will be retrieved in full, and 
their citation details imported into Covidence. The full 
text of selected citations will be assessed in detail against 
the inclusion criteria by two independent reviewers. Rea-
sons for exclusion of full-text studies will be recorded and 
reported in the systematic review. Any disagreements 
between the reviewers at each stage of the study selection 
process will be resolved through consensus discussion or 
with a third reviewer. Inter-rater reliability (IRR) between 
reviewers will be calculated for both screening by title/
abstract and full text. The results of the search and study 
selection and inclusion process will be reported in full in 
the final systematic review and presented in a PRISMA 
flow diagram [17].

Data extraction
Data will be extracted from studies included in the review 
by two independent reviewers using a standardized 
data extraction tool developed specifically for this study 
in Covidence. The data extracted will include specific 
details about the population, location, study type, canna-
bis legalization status, method of cannabis use, potential 
confounders controlled for in each study (e.g., concurrent 
tobacco and/or alcohol use), and outcomes of significance 
to the review question listed above. Effect estimates and 
counts or means for the primary and secondary outcomes 
will be extracted according to pre-defined frequency of 
cannabis use categories. If both adjusted and unadjusted 
effect estimates are reported in a single study, both will 
be extracted and factors adjusted for will be recorded. For 
studies that present outcomes/frequency of use informa-
tion at more than one time point, the most current data 
will be recorded. Any disagreements in data extraction 
between reviewers will be resolved through consensus 
discussion or with a third reviewer. Authors of papers will 
be contacted to request missing or additional data, where 
required. A full list of variables to be extracted can be 
found in Additional File 4.

Data synthesis
In this review, relative risk (RR) will be used to meas-
ure the association between the frequency of cannabis 
use during pregnancy and adverse neonatal outcomes. 
Where hazard ratios (HR) are reported, they will be 
treated as the RR. Where odds ratios (OR) are reported, 
they will be transformed to RRs using the formula: 

RR = OR/(1 − Po) + (Po × OR), where Pois the incidence of 
the outcome of interest [24]. In studies where no meas-
ure of risk is reported, the RRs will be calculated from the 
raw data where applicable.

The dose–response relationship between the frequency 
of cannabis use during pregnancy and adverse neonatal 
outcomes will be estimated using meta-analyses based 
on random-effects models. Two-stage dose–response 
multi-variate meta-analysis models will be used [25]. In 
the first stage, the dose–response associations between 
log RRs and pre-specified categories of cannabis use fre-
quency will be analyzed within each included study using 
a linear model. In the second stage, effect estimates will 
be combined across studies using multi-variate random-
effects models [25]. Sensitivity analyses will be performed 
using both quadratic and flexible non-linear models with 
restricted cubic splines [25, 26]. Further sensitivity analy-
ses will be conducted to account for the effects of concom-
itant tobacco use, study design, and using both unadjusted 
and adjusted RRs where possible. The goodness of fit sta-
tistics (deviance, the coefficient of determination [R2], 
and the Akaike information criterion [AIC]) will be used 
to select the best-fitting model [27]. The study-level vari-
ables included in this analysis will be the pre-specified cat-
egories of cannabis use frequency, the number of cases for 
each of the primary adverse neonatal outcomes of interest 
(LBW, SGA, PTB, NICU stay, mortality), and secondary 
outcomes (birth weight, gestational age), the natural loga-
rithm of the RRs, and the standard error (SE) of the loga-
rithm of the RRs [26]. All data analyses will be conducted 
in R using the Metafor and dosresmeta packages [28, 29].

The heterogeneity of results will be assessed using the 
I2 statistic to describe the variation across studies due to 
true heterogeneity rather than chance [30]. The recom-
mendations of the Cochrane Training Handbook will be 
used to assess thresholds for heterogeneity, where 0–40% 
indicates non-important or minimal heterogeneity, 
30–60% may represent moderate heterogeneity, 50–90% 
may represent substantial heterogeneity, and 75–100% 
considerable heterogeneity [31]. A funnel plot will be 
generated in R software to assess publication bias if there 
are 10 or more studies included in a meta-analysis. Sta-
tistical tests for funnel plot asymmetry (Egger test, Begg 
test, Harbord test) will be performed where appropriate.

Risk of bias assessments
Included studies will be critically appraised by two inde-
pendent reviewers using standardized critical appraisal 
instruments from JBI for case–control, cohort, and 
cross-sectional studies [32]. Any disagreements between 
reviewers will be resolved through consensus discussion 
or by a third reviewer. The results of the critical appraisal 
will be reported in a table with the accompanying 



Page 5 of 6Robinson et al. Systematic Reviews          (2024) 13:307 	

narrative. All studies, regardless of their methodological 
quality, will undergo data extraction and inclusion in the 
dose–response meta-analyses. The quality of included 
studies will, however, be taken into consideration when 
interpreting the results of the meta-analysis. If possible, 
sensitivity analyses excluding studies deemed to be at 
high risk of bias will be conducted.

Assessing certainty in the findings
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach for grading 
the certainty of evidence will be followed and a Sum-
mary of Findings table will be created using GRADEpro 
GDT (2023) (McMaster University, ON, Canada) [33]. 
The Summary of Findings table will present the following 
information where appropriate: estimates of relative risk 
for frequency of use categories as compared to no use 
(reference) and a ranking of the quality of the evidence 
based on the risk of bias, directness, heterogeneity, pre-
cision, and risk of publication bias of the review results. 
The outcomes reported in the Summary of Findings table 
will be LBW, SGA, PTB, NICU admission, and mortality.

Discussion
The aim of this systematic review and meta-analysis is to 
determine whether risk thresholds exist for the relation-
ship between cannabis use during pregnancy and adverse 
neonatal outcomes. This research is important as it has 
the potential to inform public health messaging sur-
rounding the safety of cannabis use during pregnancy. 
Both pregnant individuals and clinicians have identified 
the need for further research on cannabis safety. Deter-
mining risk thresholds for frequency of use may help 
clinicians in counseling patients who use cannabis in 
pregnancy and aid pregnant individuals in reducing their 
risk, especially in situations where stopping cannabis use 
completely is not feasible.
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