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Abstract

Background and aims: Mixed results have been reported on the association between

prenatal cannabis exposure and preterm birth. This study aimed to examine the magni-

tude and consistency of associations reported between prenatal cannabis exposure and

preterm birth.

Methods: This review was guided by the Preferred Reporting Items for Systematic

Review and Meta-Analysis (PRISMA) guidelines. We performed a comprehensive search

of the literature on the following electronic databases: PubMed, EMBASE, SCOPUS,

Psych-INFO and Web of Science. The revised version of the Newcastle–Ottawa Scale

(NOS) was used to appraise the methodological quality of the studies included in this

review. Inverse variance weighted random-effects cumulative meta-analysis was

undertaken to pool adjusted odds ratios (aOR) after sequential inclusion of each newly

published study over time. The OR and 95% confidence interval (CI) limits required

(stability threshold) for a new study to move the cumulative odds ratio to the null were

also computed.

Results: A total of 27 observational studies published between 1986 and 2022 were

included in the final cumulative meta-analysis. The sample size of the studies ranged

from 304 to 4.83 million births. Prenatal cannabis exposure was associated with an

increased risk of preterm birth (pooled aOR = 1.35, 95% CI = 1.24–1.48). The stability

threshold was 0.74 (95% CI limit = 0.81) by the end of 2022.

Conclusions: Offspring exposed to maternal prenatal cannabis use was associated with

higher risk of preterm birth, which warrants public health messages to avoid such expo-

sure, particularly during pregnancy.
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INTRODUCTION

Preterm birth is often defined as babies born alive prior to 37 com-

pleted weeks of gestation [1]. Estimates from the World Health

Organization (WHO) in 2018 suggested that the world-wide preva-

lence of preterm birth is 11% suggesting that, globally, approximately

15 million babies are born preterm every year [1, 2]. Preterm birth and

its complications are responsible for 18% of early childhood mortality

and more than 35% of all deaths among neonates [3]. Elevated risk of

hearing [4, 5], respiratory diseases [6], cardiac dysfunction [7], mental

health and behavioural problems [8, 9] and other disabilities [10] have

been observed in children and adults born prematurely. Identifying
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and understanding potentially modifiable risk factors for preterm birth

is therefore critically important to elucidate the pathways that lead to

preterm birth and reduce its incidence and associated sequelae.

Preterm birth is believed to be caused by several risk factors and

involves multiple mechanisms [11–13]. Some studies have claimed

that maternal cannabis use during pregnancy is one such risk factor

[14]. Globally, cannabis is one of the most widely cultivated, trafficked

and used psychoactive drugs [15]. According to WHO reports, the

global annual prevalence of cannabis consumption in 2016 was esti-

mated to be 2.5%, suggesting that approximately 147 million people

consume cannabis annually [15]. It is also one of the most common

drugs consumed during the prenatal period [16, 17].

Epidemiological studies on the association between prenatal

cannabis exposure and preterm birth have reported conflicting results

[14, 18, 19]. While a large prospective longitudinal study found a 41%

increased risk of preterm birth in mothers who reported prenatal canna-

bis use [16], other studies have reported null associations [17, 20, 21].

Further, the two existing systematic reviews and meta-analyses con-

ducted to date have also reported conflicting findings [22, 23]. Of these

two reviews, one meta-analysis by Gunn et al. reported a null associa-

tion [22]. [22]. However, the Gunn review included only nine studies,

did not control for tobacco use and did not conduct subgroup analysis

to further explore the potential source of heterogeneity throughout the

included studies. The second meta-analysis by Conner et al. [23] pooled

estimates from more studies and reported an adverse association

between prenatal cannabis use and preterm birth [pooled adjusted

relative risk (RR) of 1.32, 95% confidence interval (CI) = 1.14–1.54].

However, when analyses in the Conner review were stratified by the

studies that adjusted for prenatal tobacco exposure, the association did

not remain (RR = 1.08, 95% CI = 0.82–1.43), suggesting that prenatal

tobacco smoking is an important confounder. Since the publications of

Conner review [23], the number of published epidemiological

studies on the topic has almost doubled [14, 16–21, 24–28], suggesting

the need and ability to update the evidence. The aim of this study was

(i) to conduct a systematic review and meta-analysis including

cumulative meta-analysis to examine the magnitude and sufficiency of

associations reported between maternal cannabis exposure during

pregnancy and preterm birth and (ii) to apply the method to establish

stability threshold for pooled estimates to see if the aggregate evidence

can be considered stable.

METHODS

Research design

This study was guided by the Preferred Reporting Items for System-

atic Review and Meta-Analysis (PRISMA) guidelines [29]. The protocol

of this review was prospectively registered in the International Pro-

spective Register of Systematic Reviews (PROSPERO), with the regis-

tration number of CRD42022304816. A pre-registered protocol was

followed to guide the literature search strategy, identification of the

relevant studies, data extraction and analysis.

Data sources and literature searches

We performed a comprehensive search of literature on the following

electronic databases—PubMed, EMBASE, SCOPUS, Psych-INFO and

Web of Science—to identify studies that examined the association

between prenatal cannabis exposure and preterm birth. Systematic lit-

erature searches did not have date and language limits. The search

terms and keywords were: ‘[(cannabis use OR cannabis smoking OR

cannabis exposure OR marijuana use OR marijuana smoking OR mari-

juana exposure) AND (prenatal OR antenatal OR pregnancy OR

maternal OR gestational OR perinatal) AND (pregnancy complications

OR pregnancy outcomes OR birth outcomes OR preterm birth OR

preterm delivery OR prematurity OR premature babies OR neonatal

outcomes OR child health outcomes)]’ (Supporting information, File

S1). The search comprised both Medical Subject Headings (MeSH)

and free text words. These keywords were first created in PubMed

and then formatted accordingly to the respective databases. Addition-

ally, we also performed manual searches for other potential studies by

reviewing the reference lists of identified studies.

Eligibility criteria

Inclusion criteria

We included primary studies in this systematic review and meta-

analysis if (i) they were carried out using observational study designs

such as case–control, cohort, case–cohort, nested case control and

cross-sectional study designs; (ii) reported prenatal cannabis use as an

exposure; and preterm birth as an outcome of interest; (iii) measured

outcomes using OR, risk ratio or relative risk (RR) estimates or

reported data to calculate point estimates; and (iv) reported 95% CIs

or data to calculate interval estimates.

Exclusion criteria

Case reports, editorials, letters, commentaries, non-peer-reviewed

articles, studies conducted on animals, and conference or meeting

abstracts were excluded from the review.

Study outcome

The outcome of interest of this systematic review and meta-analysis

was preterm birth. Preterm birth was operationalized as ‘birth before

37 weeks of completed gestation’.

Data extraction

Two independent reviewers (B.D. and B.A.D.) performed data extrac-

tion using the standardized data extraction form. First author (study
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name), year of publication, geographical location of the study

(country), study design, sample size, confounders and covariates

included in the fully adjusted model, odds ratios (ORs) or RR or risk

ratio with their corresponding 95% CIs and time and ascertainment of

prenatal cannabis exposure were systematically extracted from the

studies included in this review, in accordance with the PRISMA

guidelines [29]. Any sources of cannabis use or smoking, either

self-report or clinical or laboratory report were included in the review.

Quality appraisal of the included studies

Two independent reviewers (B.D. and B.A.D.) appraised the methodo-

logical quality of the studies included in this review using the revised

version of the Newcastle–Ottawa Scale (NOS) [30]. This scale uses

three standard scoring categories: high quality (scored 7–9), moderate

quality (scored 4–6) and low quality (scored 0–3) and has been widely

accepted for quality appraisal of case–control and cohort studies.

These scorings were based on the three broad perspectives, namely:

selection of the study groups (selection of case and control); compara-

bility between the groups (comparability of cases and controls); and

ascertainment of outcome (ascertainment of exposure). Additionally,

an adapted version of the NOS was specifically used to assess the

methodological quality of cross-sectional studies included in this

review [31]. The scoring of this adapted version was based on the fol-

lowing three broad perspectives: selection, comparability and out-

come. The adapted version of the NOS uses four scoring categories:

very good studies (9–10 points), good studies (7–8 points), satisfac-

tory studies (5–6 points) and unsatisfactory studies (0–4 points). Con-

flicting scores between two reviewers were resolved via discussion.

Data synthesis and analysis

A cumulative meta-analysis was performed using Stata version 16.1.

Studies that reported an effect estimate such as OR/RR or have data

required to compute these were included in the final cumulative

meta-analysis. To determine how the pooled estimate and its preci-

sion changes over time, studies were ordered by increasing year of

publication and then cumulative meta-analysis was repeatedly under-

taken after sequential inclusion of each newly published study over

time. A stability threshold was estimated to determine if the aggregate

evidence can be considered stable or whether inferences are sensitive

to the findings of a new study [32]. If the studies reported multiple

estimates, the estimate (OR/RR) with most extensive adjustment were

used for a cumulative meta-analysis. If the studies included in the

cumulative meta-analysis reported several outcomes such as sponta-

neous preterm birth, iatrogenic preterm birth or preterm birth classi-

fied by extent of prematurity (extremely preterm, very preterm,

moderately preterm, late preterm birth), the estimate for all preterm

birth was reported in the cumulative meta-analysis. For the studies

that reported estimates for individual trimesters of exposure but not

for the whole pregnancy period, the estimates for the first trimester

prenatal exposure to cannabis were included in the final analysis. Due

to substantial heterogeneity throughout studies, inverse variance

weighted random-effects cumulative meta-analysis model used to

combine studies to estimate the association between prenatal canna-

bis exposure and preterm birth [33]. Because the prevalence of pre-

term birth was low (< 10%) in all studies, we assumed that ORs were

equivalent to RRs. However, as most studies included in the current

cumulative meta-analysis reported risk estimates as adjusted ORs

(aORs), we also reported all risk estimates as aORs. Subgroup analyses

were also performed to explore the potential source of heterogeneity

among studies included in the meta-analysis. The magnitude of statis-

tical heterogeneity among studies was detected by the Cochrane’s Q-

and I
2-tests [34]. We also conducted an additional sensitivity analysis

using unadjusted RR/OR. Potential publication bias was assessed by

inspection of the funnel plot and Egger’s test for regression asymme-

try [35].

RESULTS

Study selection

Our initial systematic literature search yielded a total of 6676, of

which 6621 records were excluded after title and abstract review, as

they were not related to the topic of interest. A total of 55 articles

were retained for full-text review and, of these, 27 articles (16 new

articles and 11 original studies from the previous systematic reviews

and meta-analyses) were included in the current meta-analysis (Fig. 1).

Characteristics of studies included in the systematic

review and meta-analysis

Studies included in the current meta-analysis were published between

1986 and 2022 [21, 36]. These observational studies were conducted

in four developed countries: 16 studies were conducted in

the United States [14, 20, 21, 24, 25, 27, 28, 36–44], four in Australia

[17, 45–47], one was based in Australia and recruited pregnant

women from Australia, New Zealand, Ireland and the

United Kingdom [19], four in Canada [16, 18, 26, 48] and two in

France [49, 50]. Of the included studies, 22 were cohort and five

studies were cross-sectional. The sample size of the studies included

in this systematic review and meta-analysis ranged from 304 to

4.83 million study participants. Seventeen studies recruited study par-

ticipants from community settings (population-based), whereas

10 studies were from clinical settings (Table 1).

Confounding variables in multivariable models

Statistical adjustment for potential confounders and covariates var-

ied throughout studies included in this review. Maternal age and

educational attainment were included as adjustment variables in
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almost all studies (Table 1). Eight studies adjusted for family or

household income. Most studies adjusted for maternal tobacco

smoking during pregnancy, whereas 16 studies adjusted for maternal

prenatal alcohol consumption and other drugs. Twelve studies

adjusted for pre/gestational diabetes and/or per/gestational hyper-

tensive disorders of pregnancy (mainly pre-eclampsia) (Supporting

information, File S2).

Prenatal cannabis exposure and outcome

All studies used a categorical measure to ascertain prenatal cannabis

exposure. Eighteen studies used self-reports of cannabis use during

pregnancy. Six studies used the International Classification of Dis-

eases and related health problems (ICD-9 and -10) to assess prenatal

cannabis exposure. Four studies used urine toxicology tests (Table 1).

All studies included in this review defined preterm birth as ‘birth

before 37 weeks of completed gestation’.

Quality appraisal of included studies

Based on the revised NOS, all studies included in this meta-analysis

were classified as good in quality. Of the 22 cohort studies included

in the analysis, five scored 9, 12 scored 8 and five scored 7. Based

on the modified version of NOS, one cross-sectional study scored

7, three studies scored 8 and one study scored 9 (Supporting infor-

mation, File S3).

Prenatal cannabis exposure and risk of preterm birth

Maternal prenatal cannabis exposure was associated with an

increased risk of preterm birth with a pooled aOR of 1.35, 95%

CI = 1.24–1.48 (Supporting information, File S4). Results from the

cumulative meta-analysis of ORs also yielded similar estimates (Fig. 2).

Observed estimates regarding sufficiency were robust to the type of

meta-analysis conducted. When cumulative meta-analyses repeated

F I G U R E 1 Preferred Reporting Items

for Systematic Review and Meta-Analysis

(PRISMA) flow-chart of review search
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with a fixed-effects model, we observed similar results to that of

random-effect estimators (Fig. 3), indicating the robustness of our

finding irrespective of the type of meta-analysis undertaken. The final

stability threshold was 0.74 (95% CI limit = 0.81), meaning that to

change the conclusion of this study, a new observational study would

need to report a protective aOR of 0.74 (95% CI limit = 0.81), with

precision similar to that observed by the past 27 epidemiological stud-

ies combined. Observed estimates reported by studies published after

2014 resulted in negligible change to the point estimates (OR) and

marginal improvements in precision but no change in the direction of

association. We observed substantial heterogeneity throughout stud-

ies included in the meta-analysis (I2 = 88.4%; Q = 224.12; P-value

< 0.001). Egger’s regression test [B = 0.04, standard error (SE) = 0.71,

P-value = 0.96] and visual inspection of the funnel plot (symmetric)

revealed insufficient evidence to suggest the influence of publication

bias (Fig. 4).

Subgroup and sensitivity analysis

Adjustment for maternal tobacco, alcohol and exposure to other drugs

during pregnancy, gestational diabetes, hypertension, household

income and previous preterm birth did not change the association

between prenatal cannabis exposure and preterm birth (Table 2).

Similarly, the association observed in this study was not substantially

influenced by variation in the study design, sample size, the study’s

geographical location and the source in which the study participants

were recruited. The risk of preterm birth in offspring exposed to

maternal prenatal cannabis use was substantially elevated in the stud-

ies that used a cross-sectional study design (aOR = 1.59, 95%

CI = 1.19–2.12) compared to cohort design (aOR = 1.34, 95%

CI = 1.22–1.46). The risk of preterm birth in offspring exposed to

F I GU R E 2 Converging cumulative odds ratio (COR) with each

successive publication on the association between prenatal cannabis

exposure and preterm birth (based on random-effects estimator). The

‘+’ symbol indicates sequential addition of the study results to those

previously published. AOR = Adjusted Odds Ratio.

F I G U R E 3 Converging cumulative odds ratio (COR) with each

successive publication on the association between prenatal cannabis

exposure and preterm birth (based on fixed-effects estimator). The ‘+’

symbol indicates sequential addition of the study results to those

previously published. AOR = Adjusted Odds Ratio.

F I G U R E 4 Funnel plot showing no evidence of publication bias
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prenatal cannabis use was considerably more elevated in the studies

that did not adjust for prenatal tobacco exposure (aOR = 1.70, 95%

CI = 1.03–2.79) compared to those where adjustment was made

(aOR = 1.35, 95% CI = 1.23–1.47). Similarly, the risk of preterm birth

was slightly greater in the studies that did not control for maternal

alcohol and/or other drug use during pregnancy (aOR = 1.58, 95%

CI = 1.14–2.19) when compared to those adjusted for such exposure

(aOR = 1.28, 95% CI = 1.18–1.40). The risk of preterm birth in off-

spring exposed to prenatal cannabis use was somewhat similar in the

studies that did not adjust for pre-pregnancy/gestational hypertension

or diabetes (aOR = 1.36, 95% CI = 1.21–1.53) when compared to the

studies that included such risk factors in their final models

(aOR = 1.31, 95% CI = 1.18–1.45). We also conducted a sensitivity

analysis based on the level of adjustment for previous preterm birth,

and observed an increased risk of preterm birth in the studies that did

not include this risk factor in their final model (aOR = 1.52, 95%

CI = 1.34–1.72) when compared to those studies that included this

risk factor (aOR = 1.33, 95% CI = 1.21–1.46). To further explore the

source of heterogeneity throughout studies included in this review,

we conducted a sensitivity analysis after restriction to the studies that

included household income in their final model. The OR of preterm

birth in the studies that did not adjust for household income

(aOR = 1.38, 95% CI = 1.17–1.63) was not higher when compared to

those studies that included this risk factor in their models

(aOR = 1.35, 95% CI = 1.28–1.44) (Table 2).

The OR of preterm birth was higher in the studies that recruited

the study participants’ clinical or hospital setting (aOR = 1.56, 95%

CI = 1.25–1.95) when compared to the study participants recruited

from population-based registers (aOR = 1.27, 95% CI = 1.14–1.42).

The direction of effect was consistently positive, and the magnitude of

the effect varied by study location. We found that the OR of preterm

birth was more elevated in the studies that originated from Australia

(aOR = 2.20, 95% CI = 1.60–3.03) and France (aOR = 2.00, 95%

CI = 1.31–3.05) than the United States and Canada (Table 2). More-

over, we did not observe substantial variation in the estimates when

repeating a sensitivity analysis restricting to the studies that reported

crude or unadjusted OR/RR (Supporting information, File S5).

DISCUSSION

This meta-analysis investigated the risk of preterm birth in offspring

exposed to prenatal cannabis use reported in 27 observational stud-

ies. We found consistent evidence of an association between prenatal

cannabis exposure and preterm birth. It was demonstrated that the

cumulative evidence for the existence of an adverse association

T AB L E 2 Subgroup analysis of studies included in the meta-analysis

Subgroups No. of studies

Pooled adjusted

odds ratios (aOR) 95% CI

Heterogeneity

within

the studies

I
2 (%) P-value

Study design Cohort 22 1.34 1.22–1.46 90.4 < 0.001

Cross-sectional 5 1.59 1.19–2.12 – 0.548

Setting study participants

were recruited

Hospital or clinical 9 1.27 1.14–1.42 85.2 < 0.001

Population-based register 18 1.56 1.25–1.95 88.7 < 0.001

Sample size based on median ≤ 8637 14 1.22 1.04–1.42 51.7 0.013

> 8637 13 1.45 1.30–1.60 88.4 < 0.001

Geographical location

study was originated

USA 16 1.19 1.07–1.33 88.3 < 0.001

Australia 5 2.20 1.60–3.03 68.3 0.013

Canada 4 1.38 1.30–1.46 11.1 0.337

France 2 2.00 1.31–3.05 – 0.779

Studies adjusted for prenatal

tobacco exposure

Yes 22 1.35 1.23–1.47 89.5 < 0.001

No 5 1.70 1.03–2.79 74.9 0.003

Studies adjusted for prenatal

alcohol and/or other drugs

Yes 16 1.28 1.18–1.40 88.0 < 0.001

No 11 1.58 1.14–2.19 89.3 < 0.001

Studies adjusted for pre-pregnancy/

gestational hypertension and/or diabetes

Yes 12 1.36 1.21–1.53 94.6 < 0.001

No 15 1.31 1.18–1.45 22.2 0.207

Studies adjusted for

household income

Yes 8 1.35 1.28–1.44 59.1 0.017

No 19 1.38 1.24–1.48 89.1 < 0.001

Prenatal cannabis exposure

ascertained

During first trimester 5 1.45 1.10–1.89 49.2 0.096

CI = confidence interval.
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between prenatal cannabis exposure and preterm birth has not chan-

ged since 2014, showing that evidence for the existence of a statisti-

cal association was sufficient from that time. Further, evidence based

on the stability threshold indicated that the current statistical evi-

dence is stable. Moreover, the association reported in this meta-

analysis was not sensitive to adjustment for important confounders

such as maternal prenatal exposure to alcohol, tobacco and other

drugs, household income, previous preterm birth, pre-pregnancy or

gestational hypertension and/or diabetes. The findings of this meta-

analysis add to mounting body of evidence suggesting deleterious

effects of cannabis use during pregnancy on preterm birth. The find-

ings further support the message provided by the American College of

Obstetricians and Gynaecologists [51] that pregnant mothers should

be encouraged to avoid cannabis use during prenatal period to reduce

such adverse birth outcomes. Although the medical use of cannabis

might have health benefits, the findings of this meta-analysis clearly

suggest that its use should not be encouraged during pregnancy [52].

The precise mechanism explaining the association between pre-

natal cannabis exposure and offspring preterm birth remains to be elu-

cidated. However, several plausible mechanisms have been proposed.

One proposed mechanism is that the toxic effects of several com-

pounds present in cannabis can readily cross the placenta, including

delta-9-tetrahydrocannabinol and cannabidiol [53]. These chemicals

can result in impaired placenta development and insufficient blood cir-

culation [54, 55]. Insufficient placental blood circulation may result in

fetal growth restriction and development [56]. This, in turn, has been

associated with spontaneous preterm birth [57].

Another possibility is that the association between prenatal can-

nabis exposure and the risk of preterm birth may be due to confound-

ing by maternal alcohol, tobacco or other drug use during pregnancy.

This interpretation is probable when considering that the estimates in

our study were sensitive to adjustment for these factors. Pregnant

women who reported cannabis use during pregnancy were more likely

to consume alcohol, tobacco and other drugs during pregnancy [18]

which, in turn, were associated with preterm birth in offspring

[58–60]. An epidemiological study from the United States examined

the association between preterm birth and timing and intensity of

maternal prenatal tobacco smoking in a sample of more than a quarter

of a million mother–infant pairs [58]. In that study, maternal tobacco

smoking during the first and second trimesters of pregnancy was

associated with an increased risk of preterm birth in offspring. Mater-

nal alcohol consumption during pregnancy was also associated with

an increased risk of extreme preterm birth even after adjusting for

available confounders, such as the use of other substances during pre-

natal period, socio-demographic and clinical factors [59]. Similarly, in

our meta-analysis the risk of preterm birth was substantially attenu-

ated in the magnitude in the studies that adjusted for prenatal expo-

sure to tobacco, alcohol and other drugs, suggesting that such

exposures may have some role in the observed association. However,

none of them appeared to nullify the association. This suggests such

exposures were partly responsible for the increased risk in offspring

pre-term birth, although slightly elevated estimates still remained after

adjustment.

The association between preterm birth and prenatal cannabis use

may also be due to a range of risk factors such as hypertensive disor-

ders of pregnancy and gestational diabetes [61, 62]. Evidence from an

epidemiological study has suggested that the risk of preterm birth due

to gestational diabetes may be higher if pregnant women develop dia-

betes prior to the 24th week of gestation [62]. However, in our meta-

analysis, the association between preterm birth and prenatal cannabis

use was somewhat similar in the studies that did and did not adjust

for pre-pregnancy hypertension/diabetes and/or gestational hyper-

tension/diabetes.

The strengths of this meta-analysis include: the use of a prede-

fined search strategy and data extraction protocol which was prospec-

tively registered in the PROSPERO database; the ability to conduct

subgroup and sensitivity analysis based on different risk factors

including maternal substance use during pregnancy to further explore

the source of heterogeneity throughout included studies; the method-

ological quality appraisal of studies included in the meta-analysis was

evaluated by two independent reviewers to minimize potential

reviewer bias; and cumulative meta-analysis and stability threshold

were also conducted to investigate how the pooled estimate and its

precision changes over time. The implication of our stability threshold

findings is that whether an association exists among observational

epidemiological studies is currently less relevant an objective for

future studies than characterizing risk. More specifically, the focus of

observational research can now shift to more clearly understand bio-

logical pathways and estimate the magnitude of risk (particularly in

biologically susceptible and marginalized vulnerable populations) and

to consider strategies for intervention and prevention. However, sev-

eral caveats need to be considered when interpreting and generalizing

the findings of this cumulative meta-analysis. Prenatal cannabis expo-

sure cannot be ethically randomized to participants during pregnancy,

and therefore all studies adopted observational designs. The stability

threshold indicates that the pooled result from these observational

studies is stable, but this pooled result is not necessarily the same as

the pooled estimate that would have been obtained from hypothetical

randomized experiments. We cannot exclude the possibility of sys-

tematic bias among some or all of the individual observational studies.

Continued examination of the influence of potential bias is warranted.

A limitation of this study was that we could not conduct additional

sensitivity analyses based on dose–response associations due to lack

of sufficient and consistent data from the included studies. Due to the

inconsistencies in reporting among studies we could not compute

trimester-specific estimates. Although the level of adjustment for

potential confounders and covariates was inconsistent throughout

studies, we noted positive associations in the studies that comprehen-

sively controlled for potential confounders and socio-demographic

covariates and for the studies that partially adjusted for these covari-

ates. Most of the studies included in the current review contained no

information regarding smoking cessation. Consequently, a significant

proportion of women classified as non-smokers may have smoked up

until the time that they became aware of their pregnancy. Conversely,

a significant proportion of women classified as smokers may have not

smoked after becoming aware of their pregnancy.
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The findings of this cumulative meta-analysis indicate that the

women in these studies who reported consumption of cannabis dur-

ing pregnancy were more likely to deliver preterm birth, which war-

rants public health messages to avoid such exposure, particularly

during pregnancy.
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