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Abstract

Importance Following expansive legalization of cannabis in many parts of the United States, cannabis use in preg-
nancy has increased several fold. There is a pressing need to understand the maternal and neonatal outcomes associ-
ated with this exposure.

Objective To quantify the maternal and neonatal outcomes of mothers using cannabis during pregnancy.

Data sources \We searched five databases for all relevant observational studies, from each database’s inception
until March 1st 2024.

Study selection Two reviewers separately screened the studies in duplicate. Our initial search yielded 5184 studies,
of which 51 (0.98%) were included in our qualitative synthesis.

Data extraction and synthesis Our study adhered to PRISMA guidelines and independent extraction by two
researchers was utilized. We used a 95% confidence interval and the random effects model, as there was significant
heterogeneity between studies.

Results The 51 included studies yielded a total population of 7,920,383 pregnant women. Cannabis consumption
was associated with increased risks of low birth weight (RR=1.69,95% Cl=(1.34,2.14),P<0.0001), small for gestational
age (RR=1.79,95% Cl=(1.52, 2.1),P<0.00001), major anomalies (RR=1.81,95% Cl=(1.48, 2.23),P<0.00001), decreased
head circumference (MD=-0.34,95% Cl=(-0.57,-0.11),P=0.004), birth weight (MD=-177.81,95% Cl=(-224.72,-
130.91),,<0.00001), birth length (MD=-0.87,95% Cl=(-1.15,-0.59),P < 0.00001), gestational age (MD=-0.21,95%
C1=(-0.35,-0.08),,=0.002), NICU admission (RR=1.55,95% Cl=(1.36,1.78),P < 0.00001), perinatal mortality (RR=1.72,95%
Cl1=(1.09,2.71),,=0.02), and preterm delivery (RR=1.39,95% Cl=(1.23,1.56), <0.00001). Cannabis use was also associ-
ated with a decreased risk of gestational diabetes in pregnancy (RR=0.64,95% Cl=(0.55,0.75),P <0.00001).

Conclusions Inclusion of the latest published data continues to show worse maternal and neonatal outcomes
for mothers using cannabis in pregnancy.
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approximately 4.5% [3], making cannabis the most com-
mon illegal substance used during pregnancy [4]. Over
half of women using cannabis prior to pregnancy choose
to continue use during pregnancy, especially during the
first trimester which includes fetal organogenesis [5, 6].

One possible cause for this increase may be the legali-
zation of medical and recreational cannabis in many
regions of the United States [7]. This has the potential
to increase the perception among pregnant women that
cannabis use may be safe or that it could represent a
lower risk alternative to other medications during preg-
nancy [8, 9]. This comes despite most major obstetrical
organizations continuing to encourage discontinuation in
women who are or plan to become pregnant [10, 11].

Fetal effects of cannabis are theorized to occur sec-
ondary to delta-9-tetrahydrocannabinol (THC), which
crosses the placenta and binds to receptors present on
fetal cells [12]. THC binding to the cannabinoid recep-
tors may result in disruption of cannabinoid signaling,
which may then result in alterations of levels of dopa-
mine, GABA, serotonin, adrenalin, and glutamate; poten-
tially interfering with placental and/or fetal development
(13, 14].

Despite recommendations, the harmful effects of can-
nabis during pregnancy are still controversial, and recent
meta-analyses are not in complete agreement. A link for
even the most commonly associated outcome, low birth
weight [15, 16], has not been found in all meta-analyses
[17]. Other outcomes, such as increased maternal hyper-
tension [16, 18], increased rates of preterm delivery [18],
increased neonatal invasive care unit (NICU) admission
[15, 16], increased infant death rates [19], and maternal
psychological disorders [20, 21], are inconsistently found
to be associated with cannabis in different meta-analyses.

In an attempt to solve this controversy, we aimed to
conduct the largest systematic review and meta-analysis
performed thus far, including all possible observational
studies in order to obtain the largest sample size.

Methods

Our systematic review and meta-analysis was reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analysis (PRISMA) [22].

Searching databases

We performed our search through all major data-
bases, including Web of Science, PubMed, Cochrane
Library, ClinicalTrials.Gov and SCOPUS. We used the
following search strategy ("Pregnancy"OR"Pregnant
Women"OR pregnant OR pregnancy OR Gestation)
AND ("Cannabis"OR Ganjas OR Hemps OR Hashish OR
Hashishs OR Bhang OR Bhangs OR cannabis OR Can-
nabis OR marihuana OR ganja OR Hemp OR weed OR
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hash OR"Mary Jane") for all relevant articles from each
database’s inception until March 1 st 2024.

Inclusion and exclusion criteria

The inclusion criteria used were (1) population of preg-
nant females; (2) exposure of cannabis use of any fre-
quency or method of reporting; (3) comparison was
cannabis non-users; (4) outcomes were maternal and
neonatal outcomes; and (5) study design included any
double armed observational studies (such as prospective
cohort studies, retrospective cohort studies, cross-sec-
tional studies, or case—control studies.)

The exclusion criteria were non-pregnant women,
single-arm studies, case reports, case series, studies pub-
lished in languages rather than English, reviews, con-
ference abstracts, editorial letters or notes, and animal
studies.

Screening and study selection

The resulting records from searching databases were
exported into EndNote X8.0.1 [23] which were then
exported to Excel software after removing duplicates to
start screening which was done independently by screen-
ing title and abstracts according to the inclusion criteria.
Then, the full texts of the resulting records were screened
also to determine the final included studies. Any conflict
about the inclusion of any article was solved by consen-
sus between the authors.

Data extraction

First, we extracted general demographics from the
included studies. This included the study name, country,
design, study dates, the number of participants in each
group, the method of determining cannabis use, maternal
age in each group, alcohol use in each group, number of
smokers in each group, and number of women older than
35 years. Next, we extracted the maternal and neonatal
outcomes in each group, which included the maternal
outcomes (gestational diabetes mellitus, preeclampsia,
cesarean section, and gestational hypertension) and the
neonatal outcomes (low birth weight (defined as less than
2500 g), small for gestational age (defined as less than
the 10 th percentile), preterm delivery before 37 weeks,
NICU admission, birth weight in grams, the perinatal
mortality rate (defined as the percentage of fetal deaths
in pregnancies of seven or more months plus number of
deaths of live-born children in the first 6 days following
birth), gestational age, birth length in centimeters, head
circumference in centimeters, major and minor congeni-
tal anomalies, major anomalies, and gender.)
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Quality assessment

The quality assessment was performed using the Newcas-
tle Ottawa Scale. This is a star-based method composed
of three main items: selection of each group, group com-
parability, and exposure ascertainment [24]. Each study
was assessed and a total score was given to determine
the final judgment of whether the study was of poor (0-3
stars), fair (4—6 stars), or good quality (7-9 stars) [24].

Statistical analysis

We performed this analysis with Review Manager Soft-
ware using a risk ratio (RR) with a 95% confidence inter-
val (CI) for the qualitative variables and mean difference
(MD) with a 95% CI for the quantitative variables. The
heterogeneity between studies in each outcome was
assessed using the I statistical test and Cochrane Q test.
The outcomes were considered heterogeneous when the
IZ was >50% and the P value was <0.1 [25]. The random
effects model was chosen due to the presented heteroge-
neity between the included studies. We tried to solve the
presented heterogeneity by the “leave-one-out"'method,
to exclude the study responsible for causing heteroge-
neity [25]. Results were considered significant when the
determined P values were below 0.05. Given the poten-
tial influence of confounding variables like smoking,
we relied on the random-effects model to incorporate
between-study differences, including variations in adjust-
ment for confounders. While smoking status data were
extracted where available (Table 2), we did not perform
subgroup analyses based on adjustment for smoking due
to inconsistent reporting across studies and the lack of
uniform covariate adjustment data, which would limit
the reliability of such stratification.

Results

Literature search results

The literature search resulted in 5184 studies after remov-
ing duplicates, all of which entered the title and abstract
screening phase. From there, only 136 were eligible for
the next phase, which was full-text screening. This ulti-
mately resulted in 51 studies being eligible to be included
in the meta-analysis. Figure 1 shows the PRISMA flow
diagram explaining the full details of screening results
and the study selection process.

General demographic data of the included results

We included 51 observational studies with a total popu-
lation of 7,920,383 women 111,939 were cannabis users
and 7,808,444 were non-users [21, 26—-75]. Twenty-seven
studies were retrospective cohort studies [21, 27, 29-31,
37,42, 45, 48, 49, 51, 52, 55-57, 60, 62—-65, 67-71, 73, 75],
22 studies were prospective cohort studies [26, 28, 32-36,
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38-41, 43, 44, 46, 47, 50, 54, 58, 61, 66, 72, 74], one study
was cross-sectional [59], and one was case—control study
[53]. Tables 1 and 2 show the full details of the general
demographic data of the included studies.

Results of the quality assessment
According to the Newcastle Ottawa scale, the majority of
the included cohorts were judged to be of fair quality [76].
They showed a low risk of bias in the outcome assessment
and comparability domains. However, in some studies
the method of determining exposure was based on self-
reports, the analysis was not controlled for confound-
ers, and several studies did not specifically report the
outcomes of interest. Notably, Hayes et al., Hayatbakhsh
et al, Alhusen et al.,, and Leemaqz et al. were judged to be
of poor quality because of these factors [26, 42, 43, 50].
Likewise, Zuckerman et al., Sherwood et al., and Dodge
et al. were also judged to be of poor quality, despite using
more scientific methods to determine cannabis exposure
[29, 60, 66]. Witter et al., Hurd et al., Burns et al., Con-
ner et al., Mark et al., Metz et al,, Jones et al., and Avalos
et al. were judged to be of good quality since they showed
a low risk of bias in selection, comparability, and out-
come assessment domains [21, 37, 44, 64, 65, 68, 73, 75].
Nawa et al. is the only included case—control study and it
was judged to be of poor quality since their analysis was
not controlled for confounders. Moreover, their exposure
determination was also based on self-reporting [53].
Barros et al. was the only included cross-sectional
study. It was judged as good quality since there was no
risk of bias in the three domains of the Newcastle Ottawa
scale [59]. Table 3 shows the full details of the quality
assessment results.

Maternal outcomes

We compared the following maternal outcomes between
both groups: cesarean section, gestational diabetes,
gestational hypertension, and preeclampsia; however,
all these outcomes showed no significant differences
between the groups except for gestational diabetes
which was significantly decreased in cannabis users com-
pared to non-users (RR =0.64, 95% CI =(0.55, 0.75), P<
0.00001). However, this outcome was heterogeneous (like
most other maternal outcomes) and we could not solve
heterogeneity by leave-one-out method (P< 0.00001, I*=
91%), Fig. 2 shows the analysis of maternal outcomes.

Neonatal outcomes

Regarding neonatal weight outcomes including the birth
weight, the incidence of low birth weight, and the diagno-
sis of small for gestational age, all of these showed results
that favored the non-user group as there was decreased
birth weights in cannabis users (MD =-177.81, 95% CI
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¥

5184 of records
screened

1182 of recards excluded (Review,
editorial, note, letters)

3866 of records excluded as they were
irrelevant to the study criteria

r
136 of full-text
articles assessed
for eligibility

23 of records were excluded as they were non-controlled studies

37 of records were excluded as they didn't report outcomes for
marijuana non-users group

8 of records full texts weren't available

10 of records were excluded as they didn't report the outcomes of
interest

.| 7 of records compared cannabis to other sunstance abuse as
opiates and nicotine

3

51 of studies included in qualitative
synthesis

3

51 of studies included in quantitative
synthesis (meta-analysis)

Fig. 1 Prisma diagram of our study search and selection process

=(-224.72, —130.91), P< 0.00001), an increased number
of low birth weight infants (RR =1.69, 95% CI =(1.34,
2.14), P< 0.0001), and an increased number of infants
diagnosed as small for gestational age (RR =1.79, 95% CI
=(1.52, 2.1), P< 0.00001). However, all these outcomes
were again heterogeneous and we could not solve the
heterogeneity using any method. Figure 3 shows the full
details.

Regarding other neonatal characteristics, head cir-
cumference, gestational age, and birth length were also

significantly decreased in cannabis users compared to
non-users (MD =-0.34, 95% CI =(-0.57, —0.11), P=
0.004), (MD =-0.21, 95% CI =(—0.35, —0.08), P= 0.002),
and (MD =-0.87, 95% CI =(—1.15, —0.59), P< 0.00001),
respectively. Again, all these outcomes were heterogene-
ous and we could not solve the heterogeneity. Figure 4
shows the full details.

Regarding anomalies, the combination of major and
minor anomalies showed no significant difference
between the two groups, but was also heterogeneous.
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Table 1 General demographic data of the included studies
Author Country Study Design Study Dates Marijuana Non-Marijuana Method of
user group users group determining
(number) (number) Marijuana Use
Avalos et al,, 2023 United States retrospective cohort Between January 1, 22,624 342,300 Self-reported
[37] 2011, and July 31, and urine toxicology
2020 screening
Dodge et al, 2023 United States retrospective cohort Between 2016 109 171 Self-reported urine
[29] and 2020 toxicology screening
or cord toxicology
screening
Dunn et al, 2023 Australia retrospective cohort Between January 1, 50 3054 Self-reported
[31] 2019 and December
31,2019
Prewitt et al,, 2023 United States retrospective cohort Between 2007 9,144 2,371,302 Self-reported
[55] and 2011
Jones et al, 2022 Canada retrospective cohort Between January 1, 483 1057 Meconium toxicology
[68] 2017 and June 20, screening
2019
Kotoetal, 2022 [49] Canada retrospective cohort  Between January 1, 3144 103138 Self-reported
2004 and June 30,
2004
Metz et al, 2022 [67]  United States retrospective cohort  Not reported 47 980 Urine toxicology
Briketal, 2022 [70]  Spain retrospective cohort Between January 60 198 Urine toxicology
2013 and December
2020
Bruno et al, 2022 United States prospective cohort  Between October 136 9027 Self-reported
[72] 2010 and Septem- and urine toxicology
ber 2013 screening
Luke etal, 2022 [52] Canada retrospective cohort Between April 1, 20410 1031360 Self-reported
2012 and March 31,
2019
Klebanoff et al, 2020 United States prospective cohort  Between 2010 117 244 Urine toxicology
[46] and 2016
Gabrhelik et al, 2021  Norway prospective cohort  Between 1999 272 10101 Self-reported
[36] and 2008
Bandoli et al., 2021 United States retrospective cohort Between 2011 29112 3037957 Diagnostic code
(48] and 2017
Sasso et al, 2021 [57] United States retrospective cohort Between 2014 151 192 Self-reported
and 2018
Straub et al,, 2021 United States retrospective cohort Between March 11, 1268 4075 Urine toxicology
[69] 2011 and March 31,
2016
Bailey et al,, 2020 United States retrospective cohort  Not reported 531 531 Urine toxicology
(71]
Grzeskowiak et al., New Zealand, prospective cohort ~ Between November 217 5393 Self-reported
2020 [40] United Kingdom, 2004 and February
Australia and Ire- 2011
land
Kharbanda et al., United States retrospective cohort Between July 1, 283 3152 Urine toxicology
2020 [45] 2015, and December
1,2017
Klebanoff et al, 2021  United States prospective cohort  Between 2010 119 244 Self-reported
[47] and 2015 and urine toxicology
screening
Nawa et al, 2020 United States case-control Between 1998 328 5933 Self-reported
[53] and 2018
Corsietal, 2019 [27] Canada retrospective cohort Between April 1, 9427 652190 Self-reported

2012, and December
31,2017
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Table 1 (continued)
Author Country Study Design Study Dates Marijuana Non-Marijuana Method of
user group users group determining
(number) (number) Marijuana Use
Luke etal,2019[51] Canada retrospective cohort Between April 1, 5801 237339 Self-reported
2008 and March 31,
2016
Rodriguez et al,, United States retrospective cohort Between September 211 995 Self-reported
2019 [56] 2011 and May 2017 and urine toxicology
screening
Ko et al, 2018 [63] United States retrospective cohort Between 2012and 463 8549 Self-reported
2015
Coleman-Cowger United States prospective cohort  Between January 60 354 Self-reported
etal, 2018 [74] and December 2017 and urine toxicology
screening
Serino et al, 2018 United States prospective cohort  Between 2004 38 49 Self-reported
[58] and 2010
Dotters-Katz et al,, United States retrospective cohort Between 1997 135 1732 Self-reported
2017 [30] and 2004 and urine toxicology
screening
Metz et al, 2017 [21]  United States retrospective cohort  Between March 48 1562 Self-reported
2006 and Septem- and THC-COOH
ber 2008 (11-Nor-9-carboxy-
THC) detection
in umbilical cord
homogenate
Leemaqgzetal, 2016 New Zealand, prospective cohort ~ Between November 315 95 Self-reported
[50] United Kingdom, 2004 and February
Australia and Ire- 2011
land
Mark et al, 2016 [64]  United States retrospective cohort Between July 1, 116 280 Self-reported
2009 and June 30, and urine toxicology
2010 screening
Warshak et al,, 2015 United States retrospective cohort Between January 361 6107 Self-reported
[62] 2008 and January and urine toxicology
2011 screening
Conneretal,2016  United States retrospective cohort Between 2004 680 7458 Self-reported
[15] and 2008 and urine toxicology
screening
Alhusen etal, 2013 United States prospective cohort  Between February 64 102 Self-reported
[26] 2009 and February
2010
Hayatbakhsh etal,  Australia retrospective cohort Between 2000 647 24227 Self-reported
2012 [42] and 2006
Gray etal, 2010[39]  United States prospective cohort  Not reported 38 48 Self-reported,
meconium toxicology
screening and oral
fluid toxicology
screening
El Marroun et al,, Netherlands prospective cohort ~ Between April 2002 23 85 Self-reported
2010 [33] and January 2006
El Marroun et al,, Netherlands prospective cohort ~ Between April 2002 214 5785 Self-reported
2009 [32] and January 2006
Burns et al., 2006 Australia retrospective cohort Between 1998 2172 412731 Diagnostic code
(73] and 2002
Barros et al,, 2006 Brazil cross-sectional Not reported 26 534 Maternal hair and neo-
[59] natal meconium
Hurd et al., 2005 [44] United States prospective cohort  Between January 44 95 Self-reported, urine

2000 and December
2002

toxicology screening
and neonatal meco-
nium screening
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Table 1 (continued)
Author Country Study Design Study Dates Marijuana Non-Marijuana Method of
user group users group determining
(number) (number) Marijuana Use
Fergusson et al., England prospective cohort ~ Between April 1, 250 11890 Self-reported
2002 [34] 1991 and December
31,1992
Sherwood et al,, United Kingdom  retrospective cohort Between November 75 213 Urine toxicology
1999 [60] 1994 and May 1995
Parker et al,, 1999 United States prospective cohort ~ Between July, 1984 202 1024 Urine toxicology
[54] through June, 1987
Day etal, 1991 [28]  United States prospective cohort  Not reported 174 210 Self-reported
Witter et al., 1990 United States retrospective cohort Between 1983 417 7933 Self-reported
[65] and 1985
Zuckerman et al,  United States prospective cohort ~ Between July 1984 202 895 Self-reported
1989 [66] and June 1987 and urine toxicology
screening
Hayes et al, 1988 Jamaica prospective cohort  Not reported 30 26 Self-reported
[43]
Hatch et al, 1987 United States prospective cohort  Between May 12, 367 3490 Self-reported
[41] 1980, and March 12,
1982
Tennes et al.,, 1985 United States prospective cohort ~ Between November 258 498 Self-reported
[61] 1981 and November
1982
Fried etal, 1984 [35] Canada prospective cohort  Not reported 84 499 Self-reported
Gibson et al,, 1983 Australia prospective cohort  Not reported 392 6909 Self-reported

(38]

In order to solve the heterogeneity, we excluded Zuck-
erman 1989 et al. [66] from the analysis, however the
outcome still did not reach statistical significance (RR
=1.08, 95% CI =(0.96, 1.22), P= 0.19) and (P= 0.49,
1= 0%), as seen in Fig. 5.

There was an increased risk of only major anoma-
lies in cannabis users compared to non-users; how-
ever, the outcome was heterogeneous. This was solved
by excluding Bandoli 2021 et al. [48] and the results
remained significant (RR =1.81, 95% CI =(1.48, 2.23),
P <0.00001) and (P= 0.11, I*= 55%), as seen in Fig. 5.

Also, complications like NICU admission, perina-
tal mortality, and preterm delivery were significantly
decreased among cannabis non-users compared to
users (RR =1.55, 95% CI =(1.36, 1.78), P< 0.00001),
(RR =1.72, 95% CI =(1.09, 2.71), P= 0.02), and (RR
=1.39, 95% CI =(1.23, 1.56), P< 0.00001), respectively.
However, all these outcomes were heterogeneous and
none could be solved by recognized methods, as seen
in Fig. 6.

As expected, cannabis use had no effect on infant
gender (RR =1, 95, 95% CI =(0.99, 1.01), P= 0.89), as
seen in Fig. 7.

Discussion

Our systematic review included 7,920,383 women and
found that cannabis consumption was associated with
increased risks of low birth weight, small for gesta-
tional age, major anomalies, decreased head circumfer-
ence, decreased neonatal weight, decreased birth length,
decreased gestational age, NICU admission, perinatal
mortality, and preterm delivery; however, it was associ-
ated with decreased risk of gestational diabetes. This
constitutes the largest meta-analysis on this subject
to date, and hopefully will add strong evidence to the
argument that cannabis use in pregnancy is associated
with poor neonatal outcomes. As stated below, how-
ever, many questions still remain unanswered as far as
if these findings apply to all methods of ingesting can-
nabis, and if these results remain relevant when control-
ling for tobacco smoking, environmental exposures, and
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Maternal outcomes
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A) Cesarean section MJ users MJ non-users Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI

Burns et al, 2006 91 2172 27140 412731 14.4% 0.64[0.52,0.78] £

Conneretal, 2015 42 680 462 7458 12.2% 1.00([0.73,1.35] -+

Corsietal, 2019 393 9427 31884 652190 161% 0.85([0.77,0.94] *

Dunn et al, 2023 1 49 55 3037 1.0% 1.13[0.16,7.99]

Leemaqgz et al, 2016 10 315 0 95 0.5% 6.38[0.38,107.87] >
Luke etal, 2019 51 5801 2214 237339 12.8% 0.94[0.71,1.24] -

Luke etal, 2022 445 20410 20153 1031360 16.2% 1.12[1.02,1.22] o

Prewitt et al, 2023 474 9144 90013 2371302 16.2% 1.37[1.25,1.49] -

Warshak et al, 2015 25 361 572 6107 10.5% 0.74 [0.50,1.09] =

Total (95% CI) 48359 4721619 100.0% 0.95[0.77,1.17] 4

Total events 1532 172493

Heterogeneity: Tau®= 0.07; Chi*= 83.56, df= 8 (P < 0.00001); F= 90% 'IJ 01 051 1¢0 100=
Test for overall effect Z=0.49 (P = 0.62) MJ users MJ non-users
B) Gestational DM MJ users MJ non-users Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, di 95% CI M-H, R 95% CI

Avalos etal, 2023 1772 22624 41177 342300 14.6% 0.65[0.62, 0.68] N

Barros et al, 2006 0 26 2 534 0.3% 3.96 [0.20, 80.53]

Burns et al, 2006 19 2172 16266 412731 6.6% 0.22[0.14,0.39) —

Corsietal, 2019 398 9427 48159 652190 14.0% 0.57 [0.52, 0.63] -

Dodge et al, 2023 6 108 19 171 25% 0.50(0.20,1.20] =W

Dunn et al, 2023 5 49 706 3037 28% 0.44[0.19,1.01] =

Koto et al, 2022 198 3144 6085 103138 133% 1.07[0.93,1.22] i

Leemaqgz et al, 2016 g 315 3 95 1.3% 0.80[0.22,2.97] 5

Luke etal, 2019 296 5801 21737 237339 13.7% 0.56 [0.50, 0.62] -

Luke etal, 2022 883 20410 56317 1031360 14.4% 0.79[0.74,0.85] -

Straub et al, 2019 78 1268 318 4075 10.9% 0.79[0.62, 1.00] ==

Warshak etal, 2015 14 361 407 6107 55% 0.58[0.35, 0.98] =

Total (95% ClI) 65706 2793077 100.0% 0.64 [0.55, 0.75] [ ]

Total events 3677 191196

Heterogeneity: Tau®= 0.04; Chi*= 120.67, df= 11 (P < 0.00001); F=91% 0301 051 1?0 1050
Test for overall effect: Z=5.59 (P < 0.00001) MJ users MJ non-users
C) Gestational Hypertension

MJ users MJ non-users Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, R: 95% CI M-H, Rand 95% CI

Bandoli etal, 2021 2833 29112 197044 3037957 13.8% 1.50 [1.45, 1.55] =

Barros et al, 2006 5 26 74 534 40% 1.39[0.61,3.14] —i

Dodge et al, 2023 ] 109 17 171 35% 0.55[0.23,1.36] ="

Koto et al, 2022 211 3144 8148 103138 13.0% 0.85[0.74,0.97] =

Leemaqgz et al, 2016 ral 315 5 95 3.2% 1.27[0.49,3.27] |

Luke etal, 2019 211 5801 7958 237339 13.0% 1.08[0.95, 1.24] ™

Luke etal, 2022 455 20410 21231 1031360 13.4% 1.08[0.99,1.19] &

Metzetal, 2017 % 48 141 156  5.0% 016[0.08,032) ——

Prewitt et al, 2023 350 9144 62251 2371302 13.3% 1.46[1.32,1.62] o

Rodriguez etal, 2019 37 21 138 995 9.8% 1.26 [0.91,1.76] T

Sassoetal, 2021 41 151 25 192 7.9% 2.09[1.33,3.27] e

Total (95% CI) 68471 6783239 100.0% 1.10 [0.91, 1.34] &

Total events 4177 297032

Heterogeneity: Tau®= 0.07; Chi*=161.21, df=10 (P < 0.00001); F= 94% + + + t t +
Test forgover:‘;l effect Z= IJ'.97 {P=0.33) ' ! X 01 102 0.3 2 2 10

MJ users MJ non-users

O) Preaclampsle MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95% CI M-H, 95% Cl

Burns et al, 2006 91 2172 27140 412731 144% 064 [0.52,0.78] o

Conneretal, 2015 42 680 462 7458 122% 1.00[0.73,1.35] |

Corsietal, 2019 383 9427 31884 652190 161% 0.85([0.77,0.94] Ly

Dunnetal, 2023 1 49 55 3037 1.0% 1.13[0.16, 7.98)

Leemagzetal, 2016 10 315 0 95 05% 6.38 [0.38, 107.87) »
Luke etal, 2019 51 5801 2214 237339 128% 0.94[0.71,1.24] —-=

Luke et al, 2022 445 20410 20153 1031360 162% 112[1.02,1.22] ~

Prewitt et al, 2023 474 9144 90013 2371302 162% 1.37[1.25,1.49] =
Warshak et al, 2015 25 361 572 6107 105% 0.74[0.50,1.09] E=
Total (95% CI) 48359 4721619 100.0% 0.95[0.77, 1.17] L 3
Total events 1532 172493

Heterogeneity: Tau®= 0.07; Chi*= 83.56, df= 8 (P < 0.00001); F=30% 0.05 02 z 20

Test for overall effect Z=0.438 (P = 0.62) MJ users MJ non-users

Fig. 2 Meta-analysis of all maternal outcomes

alcohol use in pregnancy. As for the unexpected finding
of an association between cannabis use and reduced ges-
tational diabetes risk, our researchers speculate that this

may be the result of the common practice of using can-
nabis to alleviate chronic joint pain from morbid obe-
sity. Many of these individuals likely have already been
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Neonatal weight outcomes

A Birth weight MJ users MJ non-users Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barros et al, 2006 3,095 405 26 3,120 409 535 3.0% -25.00[-184.49,134.49) ==
Brik etal, 2022 2,556 533 60 3,288 438 198  3.2% -732.00[-880.02,-583.99) B

Dayetal, 1991 3,236.79 38947 174 3,215 38257 210 42% 21.79-55.84,99.42] T
Dotters-Katz et al, 2016 1,358.33 42339 135 135267 549.77 1732 42% 5.66 [-70.31, 81.63] ==
Dunn etal, 2023 2,880 611 49 333667 519.16 3037 29% -456.67 [-628.74,-284.60] —

El Marroun et al, 2009 3,190.08 536.63 214 344681 55483 5785 4.2% -256.73[-330.04,-183.42) -

El Marroun et al, 2010 3,178.09 621.06 23 3,553 532 85 1.8% -374.91[65278,-97.04]

Fergusson etal, 2002 3,214 517.7 129 3,430 5361 11464 4.0% -216.00[-305.87,-126.13] -

Fried etal, 1984 3,490 405.31 84 3,490 523 439 3.9% 0.00 [-98.07, 98.07] -1
Gabrhelik et al, 2020 3,43232 53433 272 3,564 588 10101 43% -131.68[196.21,-67.15) =
Grayetal, 2010 3,161 689 41 3417 504 45  1.9% -256.00 [-513.22,1.22) — |
Grzeskowiak et al, 2020 3,22591 74026 217 3,409.91 579.75 5393 3.9% -184.00[-283.70,-84.30]

Hatch and Bracken, 1986 3,258.58 5581 367 33928 5247 3490  4.4% -134.22[193.91,-7453] ==
Hayatbakhsh et al, 2011 2940 6786 647 33192 6878 24227 44% -379.20[-432.20,-326.20] o

Hayes et al, 1988 3,137.35 420.02 30 3,074.08 52898 25 2.0% 63.27 [(192.83,319.37] N
Jones etal, 2022 3,130 560 483 3,310 590 1057  4.3% -180.00[-241.31,-118.69] ==
Klebanoff et al, 2020 2,698 712 1 2,820 796 223 29%  -122.00(-290.70, 46.70] —_—
Koto et al, 2022 3,210 584 3144 3,450 545 103138  4.6% -240.00[-260.68,-219.32) -
Kuetal, 2018 3,291.7 568.06 463 3,361 591.78 4550 4.4% -69.30 [-123.83,-14.77) =
Mark etal, 2015 3,026 7253 116 3,089 5738 280 3.2% -63.00[-211.12,85.12] -
Rodriguez et al, 2019 2966 62752 211 3,108 517.32 995 4.0% -142.00[232.57,-51.43] -
Sassoetal, 2021 3,00855 759.07 151 3,114.38 60832 192 32%  -105.83[-254.36,42.70) ——T
Serino etal, 2018 3,100 460 36 3,350 500 48 25% -250.00 [-456.37,-43.63] - a—
Sherwood et al, 1999 3,150 1,060 75 3,370 970 213 1.8%  -220.00([-492.98,52.99) _—0
Straub etal, 2019 319381 58472 1268 3,29566 610.34 4075 46% -101.85[-139.09,-64.61] -
Straub et al, 2020 2,874 665 531 3,002 580 531 4.2% -218.00[-293.05,-142.95) -

Witter and Niebyl, 1990 2,991 687 417 3110 755 7933 43% -119.00 [-187.00,-51.00] =
Zuckerman et al, 1989 2,980 662 202 3,260 616 895 3.9% -280.00[-379.81,-180.19] ——

Total (95% CI) 9676 190956 100.0% -177.81[-224.72,-130.91] *

Heterogeneity: Tau®= 12216.48; Chi*= 274.72, df = 27 (P < 0.00001); F= 90%

Test for overall effect Z= 7.43 (P < 0.00001) -1000,  -500 sto 1000

MJ non-users MJ users

B) Low birth weight MJusers  MJnon.users Risk Ratio Risk Ratio
Study or Subgroup Events _ Total Events Total Weight M-H, 95% Cl M-H, 95% Cl
Alhusen etal, 2013 50 60 105 198 7.3% 1.57[1.32,1.87] =
Avalos etal, 2023 1487 22599 16419 341928 76% 1.37[1.30,1.44] =

Burns et al, 2006 638 2172 39429 412731 7.5% 3.07[2.88,3.29] =
Coleman-Cowger et al, 2018 42 60 177 354 7.2% 1.40(1.15,1.70]

Conneretal, 2015 58 680 380 7458 6.9% 1.67[1.28,218] =
Dunn et al, 2023 13 49 256 3037 58% 3.15[1.95,5.09] e
Hatch and Bracken, 1986 23 367 140 3490 6.1% 1.56[1.02, 2.40] ==
Jones etal, 2022 59 483 77 1057 6.6% 1.68[1.22,2.31]

Kharbanda et al, 2020 23 279 114 3090 6.1% 2.23[1.45,3.44) N =
Ku etal, 2018 27 483 453 8543 6.4% 1.10[0.75, 1.60] -+

Luke et al, 2022 1292 20410 23942 1031360 7.6% 2.73(2.58,2.88] b
Mark et al, 2015 7 116 15 280 3.7% 1.13[0.47, 2.69] T —
Straub et al, 2019 110 1268 297 4075 7.2% 1.19[0.97,1.47] =
Straub et al, 2020 111 531 81 531  68% 1.82[1.36,2.43] -
Witter and Niebyl, 1990 122 687 1261 7933 7.3% 1.12([0.94,1.32] =

Total (95% CI) 50224 1826071 100.0% 1.69 [1.34,2.14] *
Total events 4062 83126

Heterogeneity: Tau®= 0.19; Chi*= 633.07, df= 14 (P < 0.00001); F= 98% =O o1 091 150 1IJU=
Test for overall effect: Z= 4.37 (P < 0.0001) : ) MJ users MJ non-users
C) Small for gestational age 1 users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95% Cl M-H, 95% Cl
Alhusen et al, 2013 50 60 116 198 56% 1.42[1.21,1.67] -

Avalos et al, 2023 2640 22575 31488 341671 59% 1.271.22,1.32] =

Bandoli et al, 2021 4585 29112 262385 3037957 59% 1.82[1.78,1.87] 5
Barros et al, 2006 8 26 1" 535 23% 14.97 [6.58, 34.02]

Bruno et al, 2022 34 136 1264 9027 50% 1.79[1.33, 2.40] =
Burns et al, 2006 409 2172 24046 412731 58% 3.23([2.96,3.53] =
Corsietal, 2019 1712 9427 60360 652190 5.9% 1.96 [1.88, 2.05] ®
Dotters-Katz et al, 2016 8 48 116 1562 3.0% 2.24[1.16,4.33] P
Dunn et al, 2023 1 49 35 3037 06% 1.77[0.25,12.67] =

Gabrhelik et al, 2020 5 272 218 10101 22% 0.85 [0.35, 2.05] =

Hatch and Bracken, 1986 31 357 192 3424 46% 1.55[1.08, 2.23] e
Kharbanda et al, 2020 53 279 290 3090 51% 2.02[1.55,2.64] =

Koto et al, 2022 503 3144 7838 103138 58% 2.11[1.94,2.29] =
Leemaqz etal, 2016 45 315 10 95 31% 1.36[0.71, 2.59] e =
Luke etal, 2019 587 5801 15463 237339 59% 1.55[1.44,1.68] =

Luke et al, 2022 1547 20410 95430 1031360 59% 0.82[0.78, 0.86] .

Mark et al, 2015 9 1186 14 280 24% 1.55[0.69, 3.48] 2
Prewitt et al, 2023 1459 9144 201152 2371302 59% 1.88[1.79,1.97] L
Rodriguez et al, 2019 54 211 170 995 51% 1.50[1.15,1.96] o=
Sasso etal, 2021 32 151 1" 192 3.0% 3.70[1.93,7.09] e
Straub et al, 2019 188 1268 384 4075 56% 1.57 [1.34,1.85] -
Warshak et al, 2015 67 361 648 6107 53% 1.75[1.39, 2.20] ==

Total (95% CI) 105434 8230406 100.0% 1.79[1.52, 2.10] *

Total events 14027 701641

Heterogeneity: Tau®= 0.11; Chi*= 1491.10, df= 21 (P < 0.00001); F= 89% #U o1 051 150 100#

Test for overall effect. Z=7.03 (P < 0.00001) MJ users MJ non-users

Fig. 3 Meta-analysis of neonatal outcomes related to birth weight



A) Head circumference
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MJ users MJ non-users Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Barros et al, 2006 341 13 26 341 13 535 7.0% 0.00 [-0.51,0.51] I
Dayetal, 1991 3408 1.21 174 342 116 210 96% -0.12[0.36,0.12] =r
Dunn et al, 2023 336 16 49 344 25 3037 75% -0.80[1.26,-0.34] I
Fergusson et al, 2002 345 1.1 86 348 141 7230 92% -0.30[-0.58,-0.02) ——
Gabrhelik et al, 2020 3493 177 272 352 19 10101 9.8% -0.27[-0.48,-0.06] =
Grayetal, 2010 335 22 41 346 17 45 44% -1.10[1.94,-0.26] I —
Grzeskowiak etal, 2020 3407 241 217 347 1.71 5393 8.8% -063[0.95-0.31] ——
Jones etal, 2022 336 25 483 342 2 1057 9.4% -0.60[-0.85,-0.35] =
Koto etal, 2022 343 198 3144 349 186 103138 106% -0.60[-067,-0.53] *
Rodriguez etal, 2019 332 218 211 336 1.89 995 89% -040[0.72,-0.08] —
Serinoetal, 2018 338 15 36 343 13 48 61% -050[1.11,0.11] —
Zuckerman et al, 1989 343 1.8 895 334 23 202 87% 0.90 [0.56, 1.24] —
Total (95% Cl) 5634 131991 100.0% -0.34[-0.57,-0.11] &
Heterogeneity: Tau®= 0.13; Chi*= 98.44, df=11 (P < 0.00001); F=89% 12 51 ) ‘i i
Test for overall effect: Z= 2.87 (P = 0.004) MJusers MJnon.users
B) Gestational age ’ i
MJ users MJ non-users Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI v, 95% CI
Barros etal, 2006 391 14 26 393 141 535 36% -020[0.63,023] O
Brik et al, 2022 373 14 60 389 13 198  38% -1.60[2.00,-1.20] ——
Day et al, 1991 39.99 2.11 174 398 217 210 36% 0.19[-0.24,0.62] = i
Dodge etal, 2023 389 25 109 386 22 171 29% 0.30 [-0.27,0.87] N I —
Dotters-Katz et al, 2016 29.67 225 135 2933 3.71 1732 37% 0.34 [-0.08, 0.76] s =
Dunn etal, 2023 381 1.68 49 39.07 1.41 3037  34% -0.97[1.44,-0.50] o
El Marroun et al, 2009 396 1.7 214 398 169 5785 48%  -0.20[-0.43,0.03] =
El Marroun et al, 2010 39.5 202 23 3%9 18 85 16% -040[1.31,051] —
Fried etal, 1984 399 1.57 84 397 167 499 4.0% 0.20[-0.17,0.57] e =
Gabrhelik et al, 2020 39.28 249 272 395 23 1010 43% -0.22[-055,0.11] =t
Grayetal, 2010 39 1.54 41 39.03 161 45 24%  -0.03[0.70,0.64] —
Grzeskowiak et al, 2020 3919 276 217 3971 1.86 5393 40% -052[-0.89,-015) .
Hatch and Bracken, 1986  39.97 255 367 40 23 3490 46% -0.03[-0.30,0.24] = =
Hayathakhsh et al, 2011 381 28 647 387 26 24227 49% -060[-0.82,-0.39] Y
Hayes etal, 1988 39.75 078 30 3985 21 25 1.7% 0.25[-0.62,1.12) &l
Jones etal, 2022 389 17 483 389 21 1057 5.0% 0.00 [-0.20, 0.20] = I
Klebanoff et al, 2020 37 314 113 37 329 223 22% 0.00[-0.72,0.72] =
Koto et al, 2022 391 2.03 3144 393 1.78 103138 55% -0.20[-0.27,-0.13] b
Kuetal, 2018 39 1.94 463 388 185 8550 51% 0.20[0.02, 0.38] B
Mark et al, 2015 38.29 3 116 3886 21 280 27% -057[1.17,0.03 [
Rodriguez et al, 2019 387 334 211 391 221 995 34% -0.40[0.87,0.07] =—F
Sassoetal, 2021 379 318 151 3818 261 192 26% -0.28[0.91,035] N
Serino etal, 2018 388 15 36 3892 13 48 27% -040[1.01,021] [
Straub etal, 2019 3866 261 1268 3861 269 4075 52% 0.05[0.12,0.22] a5
Straub et al, 2020 381 341 531 388 22 531 43% -0.70[1.02,-0.38] S
Warshak et al, 2015 373 37 361 376 34 6107 39% -0.30[0.69,0.09] =
Zuckerman et al, 1989 392 18 895 389 27 202 39% 0.30 [-0.09, 0.69] T ¥
Total (95% CI) 10220 171840 100.0% -0.21[-0.35, -0.08] <
Heterogeneity: Tau®= 0.09; Chi*=142.51, df= 26 (P < 0.00001), F=82% 12 _=1 0 1’
Test for overall effect: Z=3.03 (P = 0.002) MJ nonusers MJ users
C) Birth length MJ users MJ non-users Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barros et al, 2006 481 19 26 484 19 535 6.6% -0.30[1.05 0.45 =
Dayetal, 1991 49.27 196 174 494 188 210 10.0%  -0.13[-052, 0.26] =
Dunnetal, 2023 487 3 49 505 34 3037 58% -1.80[-2.65,-0.95] — =
Fergusson et al, 2002 496 2.01 84 506 212 7102 95% -1.00[1.43,-0.57] =
Gabrhelik et al, 2020 497 274 272 502 28 10101 105% -0.50[-0.83,-0.17)
Grayetal, 2010 498 38 41 508 22 45 33% -1.00[-2.33,033]
Grzeskowiak etal, 2020  48.7364 4.07 217 5031 31 5393 84% -1.57[212,-1.03 o
Hayes etal, 1988 51.36 274 30 5067 295 25 2.7% 0.69 [-0.83, 2.21] =1
Jones etal, 2022 495 29 483 503 32 1057 106% -0.80[1.12,-0.48] o=
Koto et al, 2022 50.2 319 3144 513 295 103138 120% -1.10[1.21,-0.99] *
Rodriguez et al, 2019 485 393 211 488 41 995 8.0% -0.30(-0.89,0.29] T
Serino etal, 2018 491 25 36 507 26 48  43% -1.60[-2.70,-0.50] —t
Zuckerman et al, 1989 483 35 202 498 3 895 86% -1.50[2.02,-098] e =
Total (95% ClI) 4969 132581 100.0% -0.87 [-1.15, -0.59] L J
Heterogeneity: Tau®*= 017, Chi*= 58.33, df=12 (P < 0.00001); F=79% _54 52 ) %

Test for overall effect: Z= 6.06 (P < 0.00001)

Fig. 4 Meta-analysis of neonatal head circumference, gestational age, and birth length

diagnosed with Type II diabetes prior to pregnancy,
thus making it impossible for them to receive a diag-
nosis of gestational diabetes, and giving the misleading

MJ non-users MJ users

Page 14 of 22

impression that cannabis may protect against the same.
This hypothesis requires further investigation due to lim-
ited data on pregestational diabetes prevalence.



Sainz et al. Maternal Health, Neonatology and Perinatology (2025) 11:20 Page 15 of 22
Congenital anomalies
A) Congenital anomalies (major and minor) before solving heterogeneity
MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Coleman-Cowger et al, 2018 30 60 193 354 21.0% 0.92[0.70,1.20] i
Gabrhelik et al, 2020 15 272 524 10101 189% 1.06 [0.65, 1.75] —r—
Parker and Zuckerman, 1998 108 202 481 1024 21.8% 1.15[1.00,1.33] ol
Warshak et al, 2015 12 361 218 6107 18.0% 0.93[0.53, 1.65] -
Zuckerman et al, 1989 54 202 47 895 20.3% 5.09 [3.55, 7.30] ==
Total (95% CI) 1097 18481 100.0% 1.41[0.80, 2.48] ’
Total events 220 1463
Heterogeneity: Tau®= 0.38; Chi*= 66.71, df= 4 (P < 0.00001); F= 94% =U 01 051 140 100=
Test for overall effect. Z=1.18 (P=0.24) ’ ' MJusers MJnon-users
B) Congenital anomalies (major and minor) after solving heterogeneity
MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Coleman-Cowger et al, 2018 30 60 193 354 19.7% 0.82[0.70,1.20] —
Gabrhelik et al, 2020 16 272 524 10101 58% 1.06 [0.65,1.75] —
Parker and Zuckerman, 1998 109 202 481 1024 70.2% 1.151.00,1.33] -l
Warshak et al, 2015 12 361 218 6107  4.4% 0.93[0.53, 1.65] s
Zuckerman et al, 1989 54 202 47 895 0.0% 5.09[3.55,7.30]
Total (95% CI) 895 17586 100.0% 1.08 [0.96, 1.22] ’
Total events 166 1416
Heterogeneity: Tau*= 0.00; Chi*=2.42, df=3 (P=0.49); F=0% D=5 D’? 1:5 é
Test for overall effect Z=1.32 (P=0.19) ’ MY Ausers Ml noh—users
C) Major congenital anomalies before solving heterogeneity
MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bandoli et al, 2021 547 29112 38782 3037957 354% 1.47 [1.35,1.60] u
Kharbanda et al, 2020 3 283 52 3152 3.0% 0.64 [0.20, 2.04] -
Koto et al, 2022 110 3144 2063 103138 287% 1.75[1.45,2.11] &+
Luke etal, 2022 246 20410 6287 1031360 329% 1.98[1.74,2.24] =
Total (95% CI) 52949 4175607 100.0% 1.66 [1.35, 2.05] &
Total events 906 47184
it L - . (- - - - R = : : :
Heterogeneity: Tau®*= 0.03; Chi*=17.73, df= 3 (P = 0.0005); F=83% 001 01 10 T

Test for overall effect: Z= 4.78 (P < 0.00001)

D) Major congenital anomalies after solving heterogeneity

Favours [experimental] Favours [control]

MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bandoli et al, 2021 547 29112 38782 3037957 0.0% 1.47[1.35,1.60]
Kharbanda et al, 2020 3 283 52 3152 3.0% 0.64[0.20, 2.04] —
Koto et al, 2022 110 3144 2063 103138 431% 1.75[1.45,2.11] L
Luke et al, 2022 246 20410 6287 1031360 53.9% 1.98[1.74,2.24) @
Total (95% CI) 23837 1137650 100.0% 1.81[1.48, 2.23] k3
Total events 359 8402

Heterogeneity: Tau*= 0.02; Chi*= 4.49, df=2 (P=0.11); F=55%
Test for overall effect: Z= 5.67 (P < 0.00001)

Fig. 5 Meta-analysis of the incidence of congenital abnormalities

We acknowledge the significant heterogeneity observed
across most outcomes, which is not unexpected given
the inclusion of 51 studies spanning diverse popula-
tions, methodologies, and exposure definitions. Potential
sources of this heterogeneity include variations in the
frequency, quantity, and recency of cannabis use, which
our binary classification (users vs. non-users) may not
fully capture. For instance, heavy or frequent use might

0.01
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10

Favours [experimental] Favours [control]

amplify adverse outcomes compared to occasional use,
while recency, such as use concentrated in the first tri-
mester versus throughout pregnancy, could influence
fetal development differently due to critical windows of
organogenesis. Additionally, the method of assessing
cannabis exposure varied across studies, with some rely-
ing on self-reports and others using biological valida-
tion (e.g., urine toxicology or meconium screening), as
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Neonatal complications

A) NICU admission MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
Avalos etal, 2023 2722 22204 31867 336408 7.6% 1.29[1.25,1.34] -
Bandoli et al, 2021 3448 29112 181055 3037957 7.6% 1.99[1.93, 2.05) .
Burns et al, 2006 173 2172 9451 41273 7.0% 3.48[3.01,4.02 -
Conneretal, 2015 9 680 52 7458 2.5% 1.90[0.94,3.83] S
Corsietal, 2019 2368 9427 77611 652190 7.6% 211[2.04,219] .
Fergusson et al, 2002 14 250 663 11890  3.6% 1.00 [0.60, 1.68] s ]
Gabrhelik et al, 2020 28 272 764 10101 4.9% 1.36 [0.95, 1.95] T
Hayatbakhsh et al, 2011 193 647 3867 24227 7.2% 1.87[1.65, 2.11] -
Jones etal, 2022 56 483 133 1057 56% 0.92[0.69,1.24] i
Koto et al, 2022 472 3144 10108 103138 7.4% 1.53[1.41,1.67] ta
al, 2018 28 463 701 8549  4.9% 0.74[0.51,1.06] —

Mark etal, 2015 13 116 19 280  26% 1.65(0.84,3.23] T -
Metz etal, 2017 8 48 148 1562 2.7% 1.76[0.92,3.37] T
Prewitt et al, 2023 1631 9144 204126 2371302 7.6% 207[1.98,217] -
Rodriguez etal, 2019 25 21 106 995 45% 1.11[0.74,1.68] -
Sassoetal, 2021 55 151 59 192 55% 1.19(0.88, 1.60] T
Straub et al, 2020 72 531 50 531 51% 1.44[1.02,2.02) =
Warshak etal, 2015 61 361 752 6107 6.1% 1.37[1.08,1.74] ==
Total (95% CI) 79416 6986675 100.0% 1.55[1.36, 1.78] *
Total events 11376 521532
Heterogeneity: Tau®= 0.06; Chi*= 640.94, df=17 (P < 0.00001); F=97% 0=1 012 0=5 é % 1:0
Testfor overall effect: Z= 6.44 (P < 0.00001) . | I l:lSerS MJ non-users
B) Perinatal mortality

MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95% CI M-H, 95% CI
Coleman-Cowger et al, 2018 36 60 212 354 11.4% 1.00[0.80,1.25] i
Corsietal, 2019 58 9427 2500 652190 11.3% 1.61[1.24,2.08] =
Dunnetal, 2023 1 50 17 3054 3.6% 3.59(0.49, 26.48] —
Fergusson et al, 2002 1 250 78 11890 3.7% 0.61[0.09, 4.37] = = =
Luke etal, 2019 31 5801 632 0 Not estimahble
Luke etal, 2022 60 20410 1997 1031360 11.3% 1.52[1.17,1.96] &=
Metzetal, 2017 7 48 70 1562 9.0% 3.25[1.58,6.70] T T
Metz et al, 2022 1" 47 213 980 101% 1.08[0.63,1.83] =1
Prewitt et al, 2023 86 9144 4340 2371302 11.4% 514 [4.16, 6.36] o
Rodriguez et al, 2019 4 21 ] 995 6.2% 3.14(0.89,11.04] T =
Sassoetal, 2021 0 151 1 192 1.7% 0.42[0.02,10.32) ¢
Warshak et al, 2015 14 361 158 6107 10.1% 1.50 [0.88, 2.56] =
Witter and Niebyl, 1990 16 687 167 7933 10.2% 1.180.71,1.96] b
Total (95% CI) 46647 4087919 100.0% 1.72[1.09, 2.71] B
Total events 325 10381
Heterogeneity: Tau?= 0.46; Chi*= 135.26, df= 11 (P < 0.00001); F= 92% D: 02 011 150

Test for overall effect: Z=2.34 (P = 0.02) MJ users MJ non-users

C) Preterm delivery

MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, 95% ClI M-H, 95% CI
Alhusenetal, 2013 40 60 126 198 46% 1.05[0.85,1.29] q
Avalos et al, 2023 1794 22624 22474 342300 53% 1.21[1.15,1.26] -
Bandoli etal, 2021 3867 29112 200672 3037957 5.3% 2.01[1.95,2.07] e
Barros et al, 2006 0 26 19 534 0.2% 0.51[0.03,8.19]
Corsietal, 2019 1134 9427 39955 652190 53% 1.96 [1.86, 2.08] -
Dunn et al, 2023 1 49 292 3037 26% 233[1.37,3.97] e
Fergusson et al, 2002 12 250 546 11890 24% 1.05[0.60, 1.83] -
Gabrhelik et al, 2020 22 272 528 10101 3.3% 1.55[1.03,2.33] =
Gibson etal, 1983 27 392 384 6903 35% 1.24[0.85,1.81] T
Hatch and Bracken, 1986 30 367 175 3490 35% 1.63[1.12,2.36] =
Jones et al, 2022 44 483 108 1057 3.8% 0.89[0.64,1.24] e
Kharbanda et al, 2020 20 283 169 3127 3.0% 1.31[0.84,2.05] = Rt
Klebanoffet al, 2021 41 119 80 244 39% 1.05[0.77,1.43] =
Koto et al, 2022 289 3144 6188 103138 51% 1531.37,1.71] =
Kuetal, 2018 33 463 607 8543 37% 1.00[0.72,1.41] =
Leemagzetal, 2016 27 315 7 95 16% 1.16[0.52, 2.59] ~F =
Luke etal, 2019 433 5801 10082 237339 52% 1.76 [1.60,1.93] =
Luke et al, 2022 1751 20410 41128 1031360 53% 215[2.086, 2.25] "
Metz et al, 2022 14 47 198 980 3.0% 1.47[0.93,2.33] ==
Nawa et al, 2020 19 328 2152 5933 5.0% 1.00[0.86, 1.16] *
Prewitt et al, 2023 1299 9144 157930 2371302 53% 213[2.03,2.29) P
Rodriguez etal, 2019 14 21 60 995 2.4% 1.10[0.63,1.93] o i
Sasso etal, 2021 33 151 39 192 33% 1.08[0.71,1.62] i
Straub etal, 2019 148 1268 522 4075 48% 0.92[0.77,1.09] =
Straub et al, 2020 96 531 54 531 3.9% 1.78[1.30, 2.43] b
Warshak et al, 2015 83 361 1212 6107 4.7% 1.16[0.95,1.41] =
Total (95% CI) 105638 7843630 100.0% 1.39[1.23, 1.56] [}
Total events 11382 485707
Heterogeneity: Tau®= 0.07; Chi*= 698 46, df= 25 (P < 0.00001); F=96% =oo1 051 1}0

Testfor overall effect Z=5.43 (P < 0.00001) MJ users MJ non-users

Fig. 6 Meta-analysis of the incidence of NICU admission, perinatal mortality and preterm delivery
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MJ users MJ non-users Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avalos etal, 2023 11517 22204 175328 336408 50.0% 1.00([0.98, 1.01]
Barros et al, 2006 14 26 277 535  01% 1.04[0.72,1.50] A
Dodge et al, 2023 48 109 92 171 0.1% 0.82[0.64, 1.05] f——T"
Dotters-Katz et al, 2016 931 135 68 1732 Mot estimahle
Hurd et al, 2005 26 44 51 95  01% 1.10[0.81, 1.50] —
Klehanoff et al, 2020 56 117 107 244 0.2% 1.09[0.86, 1.38] I
Luke et al, 2022 10469 20410 527446 1031360 47.0% 1.00[0.99,1.02] [ ]
Metz et al, 2022 23 47 439 980 01% 1.09[0.81,1.47] S
Serino etal, 2018 20 36 29 48  01% 0.92[0.63,1.33) '
Straub et al, 2019 671 1268 2126 4075 2.4% 1.01 [0.96, 1.08] T
Tennes et al, 1985 0 128 258 181 Mot estimahle
Total (95% CI) 44524 1375829 100.0% 1.00 [0.99, 1.01]
Total events 23775 706221
Heterogeneity: Tau®= 0.00; Chi*= 4.78, df= 8 (P = 0.78); F= 0% []:6 U:? t

Testfor overall effect: Z=0.14 (P = 0.89)

Fig. 7 Meta-analysis of fetal gender

detailed in Table 1. These differences could contribute to
heterogeneity by affecting the accuracy and consistency
of exposure classification. For example, self-reports may
underestimate use due to social desirability bias, whereas
biological measures might detect use that participants
did not disclose.

Many systematic reviews and meta-analyses have sup-
ported the effect of cannabis consumption in increasing
risks of neonatal adverse effects, especially preterm deliv-
ery, NICU admission, low birth weight, and smaller head
circumference, as was seen in our findings [16, 18, 77].

Our meta-analysis, encompassing 51 studies and
7,920,383 women, aligns with and extends findings from
prior meta-analyses by Conner 2016 et al. [15], Gunn
2016 et al. [16], Lo 2023 et al. [17], and Marchand 2022
et al. [18]. Like Gunn 2016 and Marchand 2022, we found
significant associations between prenatal cannabis use
and increased risks of low birth weight (RR =1.69, 95%
CI =1.34-2.14 vs. Gunn’s OR =1.77 and Marchand’s OR
=1.87), preterm delivery (RR =1.39, 95% CI =1.23-1.56
vs. Gunn’s OR =1.43, Lo’s elevated risk, and Marchand’s
OR =1.42), SGA (RR =1.79, 95% CI =1.52-2.1, consist-
ent with Lo and Marchand), and NICU admission (RR
=1.55, 95% CI =1.36-1.78, echoing Gunn’s OR =2.02
and Marchand’s findings). However, our results diverge
from Conner 2016, which reported no independent can-
nabis effect after adjusting for tobacco (OR =1.43 for
low birth weight reduced post-adjustment), suggesting
our broader, unadjusted associations may partly reflect
confounding. Unlike Gunn’s unique finding of maternal
anemia (OR =1.36), we found no significant maternal
outcomes except a decreased gestational diabetes risk
(RR =0.64, 95% CI =0.55-0.75), potentially a spuri-
ous signal. Compared to Lo 2023, which found no clear
cannabis-only mortality link, our increased perinatal
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mortality (RR =1.72, 95% CI =1.09-2.71) suggests newer
studies may amplify this signal, though with border-
line significance. Our inclusion of 35 additional studies
beyond Marchand 2022’s 16 reinforces these associations,
adding novel outcomes like major anomalies (RR =1.81,
95% CI =1.48-2.23) and decreased head circumference
(MD =-0.34, 95% CI =-0.57 to —0.11), not emphasized
in earlier works. This expanded scope, current to March
2024, suggests a consistent pattern of neonatal risk,
though confounding remains a challenge, aligning with
all four prior reviews’ cautions.

Associated smoking with cannabis consumption could
be an important confounding factor that can be respon-
sible for this association as found in Conner 2016 et al.
who found that there was no significant difference
between cannabis users and non-users regarding neona-
tal outcomes after controlling confounders like tobacco
smoking [15] which was supported also by English 1997
et al. [78] who included only studies which adjusted the
tobacco use. This effect results from the larger percent-
age of cannabis smokers also smoking cigarettes during
pregnancy than non-users [79]. While our large sample
size (over 7 million women) suggests robustness, uncon-
trolled tobacco use remains a potential confounder, as
noted in prior studies [15, 78]. Further evidence for this
has been presented in the 2017 cross-sectional analysis
by Haight et al. [80], which found high frequency can-
nabis use was related to lower birth weights regardless
of cigarette use. To further explore this, we reviewed
the 51 included studies and found that approximately
20 (39%) explicitly reported adjusting for smoking sta-
tus in their statistical analyses (e.g., Conner et al.,, 2015;
Metz et al., 2017; Avalos et al., 2023), as noted in their
respective methodologies or results sections [15, 21, 37].
The remaining studies either did not adjust for smoking
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or did not clearly report such adjustments, often due to
reliance on self-reported data or lack of detailed covari-
ate control. This variability likely contributes to the
observed heterogeneity across outcomes. While we con-
sidered stratifying our analysis by adjustment status, the
inconsistent reporting of adjustment methods and the
lack of standardized data on smoking adjustment across
studies precluded a meaningful meta-analytic separa-
tion. Instead, we relied on the random-effects model to
account for this variability, ensuring our pooled estimates
reflect the real-world diversity of study designs and con-
founder handling.

Another potential source of heterogeneity could be the
timing of cannabis exposure during pregnancy, which
our study did not stratify due to limited data granularity
in the included studies. Early exposure during the first
trimester, a period of rapid fetal organogenesis, might
pose different risks compared to use later in gestation,
potentially affecting outcomes like congenital anomalies
or preterm delivery differently. While some studies in our
review (e.g., Dodge et al,, 2023; El Marroun et al., 2009)
explored timing-specific effects, the majority provided
only aggregate exposure data, precluding a meta-ana-
lytic stratification by trimester [29, 32]. This limitation is
inherent to the retrospective nature of our source mate-
rial, but it highlights an important avenue for future
research.

Almost all recent systematic reviews have agreed with
cannabis increasing the risk of poor neonatal outcomes,
especially weight outcomes [18, 77, 81], preterm deliv-
ery [18, 77, 81], and NICU admission [18, 81]. However,
secondary to the large number of included studies, this
analysis was able to include many other neonatal out-
comes that have not been thoroughly addressed in pre-
vious analyses. These outcomes included fetal anomalies,
neonatal mortality, birth length, head circumference, and
decreased gestational age. This is considered a strength
of our review. Moreover, we found maternal cannabis
use was associated with an increased risk of infant death
during the first year of life, with an adjusted risk ratio of
1.72 compared to non-users. This findings is consistent
with a 2023 retrospective study, Bandoli et al. [82], that
specifically analyzed this outcome and further found that
the specifically increased causes of mortality were sud-
den unexpected death and death attributable to perinatal
conditions.

Many recent studies have also supported the associa-
tion of cannabis consumption with anomalies affecting
many systems like gastrointestinal, neuronal, nephro-
logical, cardiovascular and musculoskeletal, although
there is no consensus as to what the mechanism of this
damage truly is [83-86]. Some authors have hypoth-
esized that this may be secondary to cannabis’s role in
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the methylation of fetal DNA, which may increase the
risk of birth defects and other anomalies [87]. Others
have postulated that it could be cannabis’s role in glucose
and insulin regulation that affects fetal growth and may
explain its teratogenicity [32]. As the endocannabinoid
system is important in the early stages of cell survival and
formation of the neuronal system [88], other authors have
suspected that disruption of this system may be the cause
of birth defects and other adverse neonatal outcomes
associated with cannabis [89]. Lastly, other authors have
speculated that cannabis damages placental endocrine
function by enhancing ESR1 and CYP19 Al transcription,
which may increase estradiol production, causing disrup-
tion [90].

Besides neonatal outcomes, the association between
cannabis use and maternal complications is also con-
troversial. Many studies have found pregnant cannabis
users were found to have higher risks of less studied out-
comes not included in this study, including alcohol con-
sumption, anemia, depression, and anxiety [16, 50, 91].
However, when focusing on the most commonly studied
outcomes, such as placental abruption, antepartum or
postpartum bleeding, and gestational hypertension, most
[50, 62, 91], but not all [92] studies showed no significant
association with cannabis use. Lastly, we found an unex-
pected result compared to the previous literature on the
decreased risk of gestational diabetes mellitus in cannabis
users compared to non-users. Most previous studies have
found no association [50, 62, 91], and one study, Porr
et al. [93], actually found that cannabis use was associ-
ated with increased HbAlc in diabetes mellitus. Another
study, Ayonrinde et al. [94], also found that cannabis
use increased the caloric intake, weight, and percentage
of fatty liver during pregnancy, which in turn increased
insulin resistance. Pan et al. [95] in 2023 found that pre-
conceptional cannabis use was associated with increased
gestational diabetes risk in pregnant women who never
used tobacco; however, among those on current or previ-
ous using tobacco, no significant results were observed.
Consistent with these studies and as stated above, we
believe the protective association we have seen against
gestational diabetes is most likely not a true signal, and
is secondary to the likely higher percentage of preges-
tational diabetics in the cannabis use group, making it
impossible for these women to receive a diagnosis of ges-
tational diabetes during pregnancy. Unfortunately we do
not have the specific data as to the percentages of pre-
existing diabetics in both groups that would be necessary
to test this hypothesis.

Strengths and limitations
Our primary strength lies in the inclusion of 7,920,383
women, making this the largest meta-analysis to date
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on cannabis use in pregnancy, and our examination of a
broad range of maternal and neonatal outcomes, many
of which were underexplored in prior reviews. How-
ever, we recognize several limitations, notably the sig-
nificant heterogeneity across studies, which is inevitable
given the scale and diversity of our 51 included studies.
Key sources of this heterogeneity include concomitant
tobacco smoking, variations in exposure timing, cannabis
consumption methods (e.g., smoking vs. ingestion), and
concurrent use of other substances like alcohol. Specifi-
cally, while Table 2 provides raw numbers of smokers in
each study, only about 39% of studies (20/51) explicitly
adjusted for smoking in their analyses, as reviewed from
their methodologies (e.g., [15, 21, 37]). This inconsistency
in confounder adjustment, particularly for smoking—a
known risk factor for adverse neonatal outcomes—may
influence our pooled estimates. Additionally, our binary
classification of cannabis use (users vs. non-users) may
obscure nuances in frequency, quantity, and recency
of use, while varied exposure ascertainment methods
(Table 1) add further complexity. However, re-analyzing
the data to separate studies by smoking adjustment sta-
tus was not feasible due to incomplete or unclear report-
ing of adjustment methods in many studies, which would
compromise the validity of such subgroup analyses.
Our use of the random-effects model mitigates this by
accounting for such variability, and reliance on observa-
tional data inherently increases bias risk, including from
self-reported cannabis use. We recommend future stud-
ies standardize confounder reporting, particularly for
smoking, to enable more precise analyses, but believe our
current approach maximizes inclusivity and generaliz-
ability without necessitating additional stratification.

Conclusion

Cannabis use is associated with adverse neonatal out-
comes including low birth weight, small for gestational
age, major anomalies, decreased head circumference,
decreased neonatal weight, decreased birth length,
decreased gestational age at time of delivery, higher rates
of NICU admissions, higher rates of perinatal mortality,
and a higher rate of preterm delivery. We also found that
cannabis use was associated with decreased risk of ges-
tational diabetes, although we are cautious about over-
interpreting this finding and believe it may be related
to cannabis users having a higher rate of pregestational
diabetes. We believe that the size of this study can help
bring consensus to the debate of cannabis’s associate with
adverse neonatal outcomes, and would very much like
to see more prospective observational studies, especially
those classifying patients according to the concomitant
use of tobacco products and by the different different
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delivery methods of cannabis products. While variability
in smoking adjustment across studies limits our ability to
isolate its confounding effects fully, the large sample size
and consistent associations strengthen the clinical impli-
cations of these findings. Future research with uniform
adjustment for confounders like smoking could refine
these estimates, but our current results robustly support
counseling against cannabis use in pregnancy.
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