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Objective Our objective was to summarize the literature regarding the effects of
cannabis use during pregnancy on low birth weight (LBW), preterm birth (PTB), and
small for gestational age (SGA).

Study Design This is a systematic review and meta-analysis. A literature search was
conducted in PubMed, Scopus, EBSCO, and Web of Science in May 2021 and updated in
November 2021. Only studies that assessed the isolated use of cannabis during
pregnancy, controlling for cigarette smoking, and other illicit drug use were included.
Data were synthesized using a narrative summary and pooled adjusted estimates, and
95% confidence intervals (Cls) were calculated for each outcome. Data were analyzed
using Stata 13.0 with METAN software package, using random effects. Statistical
heterogeneity was assessed using Cochran’s Q and Higgins 12 tests.

Results In total, 32 studies were included with data from approximately 5.5 million
women with the LBW outcome and 23 million with the PTB and SGA outcomes.
Pregnant women using cannabis are at increased risk for LBW (adjusted odds ratio
[aOR] =1.52; 95% Cl=[1.18; 1.96]), PTB (aOR=1.39; 95% Cl=[1.28; 1.51]), and SGA
(aOR=1.47; 95% Cl=[1.38; 1.58]). Studies that assessed the type of PTB and
gestational age at birth indicate higher risks of spontaneous PTB and of early or
very-early PTBs associated with cannabis use during pregnancy. The few studies that
assessed the timing and frequency of consumption suggest a dose-response effect,
with higher odds of negative outcomes among women who reported heavy use and
with continued use during the second and third trimesters of gestation.

Conclusion There is an effect of cannabis irrespective of other illicit drugs and
tobacco despite high heterogeneity and low quality of evidence. There is a need to
discuss public policies regarding cannabis’ regulation and how it influences its
consumption. Future studies should focus on the effects of cannabis’s type (medicinal
or recreational), timing, and dosage during pregnancy on perinatal outcomes.
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Key Points
» Cannabis use during pregnancy is increasing.
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» Cannabis has an independent effect on PTB, LBW, and SGA.
» Future studies should focus on the timing of exposure during pregnancy, mode of use, and dosage.

Substance use during pregnancy is an important public
health issue. Cannabis is the most used illegal drug in
Europe.' In the United States, it is legalized for medicinal
use in 30 states and for recreational use in 9 of them, as well
as in Canada.? Cannabis is in fact one of the most frequently
used substances during pregnancy.“'5 The prevalence of self-
reported cannabis use in pregnancy varies between 2 and 5%,
but it is as high as 15 and 28% in young, urban, and
socioeconomically disadvantaged women.® The high preva-
lence of cannabis consumption during pregnancy is linked to
legalization trends, perception of its safety, and its use to
relieve pregnancy-related symptoms such as nausea and
vomiting.® However, both the Center for Disease Control
and Prevention and the American College of Obstetricians
and Gynecologists recommend against using cannabis when
trying to conceive, during pregnancy, and while breastfeed-
ing, as well as the screening for cannabis use during antenatal
care.®

Considering that the active component of cannabis—del-
ta-9-tetrahydrocannabinol (THC)—crosses the placenta,
there is concern regarding the risk of adverse fetal outcomes,
namely stillbirth, fetal growth restriction, and fetal neuro-
development consequences.® Also, THC is thought to be
correlated to many of the cannabis’s adverse effects; there-
fore, the increase in the average content of THC in cannabis
products and, consequently, the amplification of its potency
are major concerns.’

The literature varies regarding perinatal effects of prena-
tal cannabis use, as some studies show an increased risk of
stillbirth or miscarriage,®° fetal growth restriction and
decrease in birth weight,m’11 or neonatal intensive care
admissions,'® while others do not find these associa-
tions.'?1> For the outcomes of preterm delivery and low
birth weight (LBW), two systematic reviews had contradic-
tory findings. In 2016, Gunn et al demonstrated the effect of
cannabis exposure in utero and LBW. However, it was not
possible to ascertain if it was a cannabis-only effect or if it
was related to other substances such as alcohol or cigarette
smoking.'? In the same year, Conner et al found that mari-
juana use in pregnancy was not a risk factor, neither for LBW
nor for preterm delivery, after adjusting for confounding
factors such as cigarette use.'® Study design, sample size,
exposure assessment, as well as measure of confounding risk
factors, and maternal characteristics are among the reasons
that may explain the inconsistencies.?'%1°

As the consumption of cannabis in pregnancy is increas-
ing, but its consequences are still unclear, it is crucial to
continue to evaluate the potential risks and effects of prena-
tal exposure on pregnant women and newborns to guide
clinical practice and implement effective public health rec-

ommendations and policies on substance use during preg-
nancy. As preterm birth (PTB) and LBW are the main risk
factors for infant mortality'’ and the outcomes of cannabis
exposure on fetal growth are less certain, the aim of this
review is to summarize the current literature regarding the
effects of cannabis use during pregnancy on LBW, PTB and
small for gestational age (SGA) in live births.

Materials and Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) principles were followed to conduct
this study.18 The research question guiding this review was:
What are the effects of cannabis use during pregnancy on the
rates of LBW, PTB, and SGA in live births? The protocol for this
review was registered in PROSPERO (registration number:
CRD42021252433).

Search Strategy

A literature search was conducted by the first author (I.B.)
using four electronic databases: PubMed, Scopus, EBSCO, and
Web of Science, in May 2021, and updated in November 2021,
to identify all the relevant studies addressing the effects of
cannabis use during pregnancy on the prevalence of LBW,
PTB, and SGA in live births. These outcomes were classified
according to the World Health Organization definitions: LBW
as weight at birth of <2,500¢g,'® PTB as any birth before 37
completed weeks of gestation or fewer than 259 days since
the first day of the woman’s last menstrual period,?® and SGA
as smaller in size than normal for their gestational age,
commonly defined as a weight below the 10th percentile
for the gestational age.?’ One study® included in this review
defined LBW as <2,400 g for female infants.

No language restriction was applied. The search was
restricted to studies published after 2000 because of the
increase in THC potency in the last decades.?? The mesh
terms “marijuana use”, “marijuana abuse”, “cannabis,” and
“cannabinoids” were used to define the search expression,
being adapted according to the different datasets. The search
was followed by reference tracking, examining the references
of the selected publications based on full-text assessment.

Study Selection

The inclusion criteria were defined as original, empirical,
peer-reviewed full-length studies published after January 1,
2000, in Portuguese, English, Spanish, or French that assessed
the isolated use of cannabis during pregnancy and the out-
comes LBW, PTB, and SGA compared to a control group that
did not use cannabis or other illicit drugs during pregnancy.
Considering the association between cannabis use and the
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use of other illicit drugs and cigarette smoking, only studies
reporting results controlled for cigarette smoking and other
illicit drugs (by study design or analysis) were included in the
current analysis, to avoid confounding.®23

The exclusion criteria included studies not addressing the
research question; studies of populations that were nonrep-
resentative of the general population of pregnant women
(e.g., substance use disorders and medical comorbidities);
studies for which it was not possible to extract data for
cannabis users separately from others substance users;
studies that did not control the estimates for confounders,
at least for tobacco and other illicit drugs; as well as non-
original full-length studies (reviews, meta-analyses, com-
ments, editorials, notes, newspapers articles, conference
proceedings, reports, and guidelines).

Quality Assessment

Rather than using quality scoring systems, the criteria used
in a previous review'® that assessed study quality based on
six factors considered most likely to threaten study validity
when evaluating the effect of drug use on birth weight and
gestational age were employed:

* Whether cannabis use was defined by objective measures
(e.g., urine or hair drug tests).

* Whether quantity of cannabis use was addressed.

« If other drug use was excluded from the study or adjusted
for in the analysis.

* Whether the results were adjusted for tobacco exposure.

* Selection bias (convenience samples; significant or selec-
tive losses to follow-up).

* Inclusion of multiple gestations and/or anomalies.

In this review, we adapted item 1 by including hospital
admission for “substance use disorder-cannabis” (Interna-
tional Classification of Diseases, 10th Revision (ICD-10):
F12.0-F12.9 = cannabis-related disorders, T40.7 = poisoning
by cannabis) or “cannabis dependence or abuse” (ICD-9:
304.3 =cannabis dependence, 305.2 =nondependent can-
nabis abuse) as an objective criterion, as they rely on a
clinical diagnosis. We also included frequency in item 2, as
some studies reported this metric. Studies were classified as
high quality if complying with three or more criteria.

Data Extraction
The review followed a two-phased screening process. First,
titles were screened, and then, abstracts were assessed to
determine whether they met the inclusion criteria. Second,
papers that met the criteria and papers with insufficient
information on the abstract were retrieved and reviewed for
full-text screening. Two reviewers (I.B. and R.M.S.M.D.) took
part in this process. Any disagreement related to the inclu-
sion criteria was resolved based on consensus. The PRISMA
flow diagram was used to visualize the study selection
process.'®

Data extracted included general information (authors,
year of publication, and country); study characteristics
(sample size, year of research, study design, and context);
method for assessing cannabis use (self-report and/or objec-
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tive measure); frequency or quantity of cannabis consump-
tion; type of cannabis use (recreational or medical); and
outcome data/results (prevalence of cannabis use during
pregnancy, rates of LBW, PTB and SGA in exposed and
unexposed groups, adjusted estimates of cannabis use during
pregnancy on LBW, PTB and SGA, and confounders).

Data Synthesis

Data were synthesized using a narrative summary. Pooled
adjusted estimates and 95% confidence intervals (CI) were
calculated for each of the outcomes if two or more studies
reported the same outcome. We pooled the adjusted esti-
mates informed in the original studies. The confounders
adjusted for in each study varied, but all studies controlled
for tobacco, alcohol, and illicit drugs. We planned to conduct
subgroup analysis for study quality, amount of cannabis used,
and type of use (medical or recreational). As few studies
reported quantity, we used the classification of cannabis
dependence or abuse or substance use disorder associated
with cannabis as a proxy for intensive use. Only one study
reported medical use, and the only pregnant woman with
medical use was excluded.?* Therefore, we were not able to
conduct this subgroup analyses. Data were analyzed using
Stata 13.0 with METAN software package, using random
effects. Statistical heterogeneity was assessed using Cochran’s
Q and Higgins 12 tests. In order to analyze the quality of
evidence for each outcome included in the meta-analysis,
we used the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE).>

Results

From the 2,574 papers initially identified through database
searching, 737 were duplicates, 1,837 were screened for
eligibility criteria, and 86 were assessed based on full-text
(one paper had no full-text available). The main reasons for
study’s exclusion were (1) not evaluating the outcome of
interest/not related to the research question (n=27), (2)
nonoriginal full-length studies (n = 13), (3) studies for which
it was not possible to assess the effect of cannabis alone
(n=7), or (4) studies that did not present adjustment for
confounders (n=8). Six additional references were identi-
fied by reference tracking, with inclusion of one study,
totaling a final sample of 32 studies. The screening process
is summarized in ~Fig. 1.

Characteristics of the Studies
Among the 32 included studies, 26 were cohort studies
(retrospective [n = 17], prospective [n = 8], prospective multi-
center [n=1]), 4 were cross-sectional, 1 was a case-control
study, and 1 could not be classified." More than half of the
studies were from the United States (n = 22), four were from
Australia, and three from Canada. Only two studies were from
European countries: one from Czech Republic?® and one from
France.?’ The study presenting multicountry data included
Australia, Ireland, New Zealand, and the United Kingdom.?3
In the quality assessment, 22 studies were classified as
high quality and 10 as low quality, mainly due to the lack of
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Fig. 1 Flow chart of included studies.

an objective measure to assess cannabis use during pregnan-
cy, no report of quantity or frequency of use, and risk of
selection bias. = Table 1 presents a summary description of
the characteristics of the studies.

Cannabis Assessment
Most studies did not present information regarding the type
of cannabis use (medical or recreational use). Only three
studies clearly stated that cannabis use was recreation-
al.2429:30 The great majority of studies relied only on mater-
nal self-report (n=14). The timing of self-report
measurement varied between studies: during antenatal
appointments®1>16:24.31-37. 5t delivery'3:1%-27:38-40. or after
delivery by telephone interview.'**1-43 Some studies also
included exposure to cannabis before pregnancy.'®?442
Eleven studies used maternal urine, hair, or meconium test
screening, nine of them assessing cannabis exposure only
once, either during pregnancy®'>16:2%:30:44 g1 3t the time of
delivery.'3%4° Only two studies used objective measures at
various time points, both showing a reduction in the preva-
lence of cannabis use throughout pregnancy.>*3® Seven
studies used ICD diagnosis (ICD-9 [n=2], ICD-10 [n=4],
and ICD-9 and ICD-10 [n=1]) as a measure of abuse, addic-
tion, or mental or behavioral disorder associated with can-
nabis use during pregnancy,?®46-48 childbirth*®->° or in the
period from the 12 months before pregnancy to delivery."
The prevalence of cannabis use during pregnancy ranged
from 0.005%° to 39%.3! Six studies?®429:3>:46:49:30 eyaluated
the trend of use. Five identified an increase in the prevalence
of cannabis use during pregnancy,?*3>46:49:30 whijle Straub
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et al?? did not identify any difference in prevalence rates in

the pre- and postlegalization periods of recreational use of
cannabis.

Outcomes
Regarding the outcomes of interest, 19 studies evaluated
LBW, 27 assessed PTB, and 21 presented data for SGA. Based
on the pooled adjusted analysis, pregnant women who use
cannabis during pregnancy are at increased risk for LBW
(odds ratio [OR]=1.52; 95%CI=1.18; 1.96; ~Fig. 2), PTB
(OR=1.39; 95%CI=1.28; 1.51; ~Fig. 3), and SGA (OR=1.47,;
95%Cl: 1.38; 1.58; ~Fig. 4). High levels of heterogeneity were
observed for the three outcomes: I>=93.3%, p<0.001 for
LBW; I>=90.7%, p < 0.001 for PTB; and I*=91.7%, p < 0.001
for SGA. The planned subgroup analysis could not explain the
observed heterogeneity (~Figs. 2-4).

~Table 2 shows the quality of evidence according to the
GRADE system. For the three outcomes (LBW, PTB, and SGA),
the quality of evidence was very low, due to the observational
design of the studies, high heterogeneity, and risk of bias due
to measurement errors and potential residual confounding.

Specific Aspects Regarding Preterm Birth

Five studies assessed the gestational age in weeks stratifying
PTB into different categories,?’-?8323%46 and five stud-
jes?7+28:34.3540 indjcated the type of preterm delivery (spon-
taneous or provider initiated). The studies that stratified PTB
by weeks of gestation found a higher risk of early PTB (<34
weeks of gestation)>® and of very PTB (<32 weeks of gesta-
tion)?7+28324 in cannabis users. The five studies?’-28:34.33.40
that assessed the type of preterm delivery identified a higher
risk of spontaneous preterm birth (SPTB) in cannabis users,
irrespective of cigarette smoking.28’4° In one study,40 simul-
taneous marijuana use and cigarette smoking were associat-
ed with higher risk of SPTB (RR=1.64, 95%Cl =1.23; 2.18),
but no higher risk associated with provider-initiated PTB was
observed. In a national survey in France, Saurel-Cubizolles et
al?’ identified a significantly higher rate of SPTB (6.4 vs. 2.8%)
but not of provider-initiated PTB in cannabis users.

Timing and Frequency of Cannabis Use and Interaction
with Cigarette Smoking
Seven studies assessed timing or frequency of cannabis use
and six reported outcomes according to the level of exposure.
Two studies?®4? reported higher prevalence of PTB in wom-
en who used cannabis during the second and third gesta-
tional trimesters when compared to those who only used
during the first trimester. Two studies identified significantly
higher prevalence of LBW*?>** and SGA** in women who
reported high frequency of cannabis consumption (at least
once a week), both in smoking and in nonsmoking women,
and one study?’ reported a dose response effect for PTB (5.3,
9.9,and 12.3% in nonusers, in those who used less than once a
month, and among more frequent users, respectively).
Nine studies evaluated the interaction between cannabis
and tobacco use, six of those!327:28:34.37.40 diq not find
statistical evidence of an additive interaction between can-
nabis and tobacco for the studied outcomes. Corsi et al®?
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reported a positive interaction term for risk difference.
Chabarria et al*° identified increased adjusted odds ratio
above cigarette smoking alone for PTB, suggestive of a
summative, additive, or potentially synergistic effect of
marijuana with concurrent cigarette smoking. Nguyen
et al*® identified increased odds for concomitant use of
cannabis and tobacco, greater than the use of each drug
alone, with an apparent additive interaction for SGA but the
authors did not test for interaction.

assessment

Overall
quality
High
High

Prevalence of
cannabis use

5.6%
3.0%

Discussion

The results of this review, with the inclusion of approximate-
ly 5.5 million women with the LBW outcome and 23 million
with the PTB and SGA outcomes, showed a 52% increase in
the occurrence of LBW, 47% increase in SGA, and a 39%
increase in PTB associated with cannabis use during preg-
nancy. Regarding to previous systematic reviews/meta-anal-
yses on the topic,'%'® these results show an independent
effect of cannabis despite the use of other illicit drugs and
tobacco during pregnancy.

However, the quality of the evidence is very low due to the
observational design of the studies, the high heterogeneity,
and the possible risk of bias, mainly due to measuring errors
of the cannabis exposure and the possibility of residual
confounding. Most of the identified studies had a longitudi-
nal design, but few evaluated the timing of exposure to
cannabis throughout pregnancy and the frequency of use.
Only two assessed the type of use (recreational or medici-
nal), and none assessed the amount and type of cannabis
used. These methodological limitations are possibly among
the sources of the high heterogeneity observed.

Some studies were carried out in contexts where cannabis
is legal for medical use**** for medical or recreational
use,>* or in pre- and postlegalization contexts,?? which
may affect women’s report. Thus, the assessment of cannabis
use based on the self-report, used in most of the studies, may
underestimate the prevalence of cannabis use during preg-
nancy, particularly in regions/countries where its use is not
legal.

Unlike previous reviews, we identified studies in which
exposure to cannabis was based on hospitalization during
pregnancy or childbirth with ICD-9 or ICD-10 codes related
to abuse, addiction, or mental or behavioral disorder associ-
ated with cannabis use, which was used as a proxy for heavy
use. However, this can also misclassify consumers without a
clinical diagnosis as nonconsumers, attenuating the ob-
served estimates.

This meta-analysis pooled the adjusted estimates provid-
ed by the original studies. Most studies do not present a
theoretical model for the analysis performed and adjust for a
very different set of variables. Studies that used secondary
data could only adjust for variables that were available, which,
in general, are not collected in a standardized way, resulting in
insufficient adjustments and the possibility of residual con-
founding. LBW, PTB, and SGA are multicausal outcomes and
cannabis use is associated with several maternal character-
istics and conditions that are risk factors for these negative

Maternal age, race, parity, BMI
and no prenatal care among

nonsmoking women.
cigarette smoking, alcohol, use,

prepregnancy BMI, gestational
other illicit drugs

Maternal age, race, medicaid
diabetes, high-risk

status, parity, gravida,
hypertension, pregnancy-

Confounders adjustment
induced hypertension,

PTB; SGA

Outcomes
LBW; PTB

Self-report at the first

cannabis exposure
antenatal care visit

antenatal care or at

screen, or medical
delivery

Assessment of
Self-report, drug
register during

Christiana Care Health System

(cares for 70% of state

University of Cincinnati Medical
residents)

Context
Center

cohort; 2014-2015;

cohort; 2008-2011;
11,020

of research; sample
6,468

Study design; year
size

Retrospective
Retrospective

2018, the United

2015, the United
States

publication, and
Warshak et aI,15
States

Washio et a|,3'7

country

Study, year of
Abbreviations: BMI, body mass index; GA, gestational age; ICD, International Classification of Diseases; LBW, low birth weight; NI, no information; NSW, New South Wales; PNC, postnatal care; PTB, preterm birth;

SEl, socioeconomic index; SEIFA/IRSAD score, Socio-Economic Indexes for Areas/Index of Relative Socio-Economic Advantage and Disadvantage; SGA, small for gestational age; WIC, women, infant and children

program.
9ICD-10AM codes are an Australian modification to the World Health Organization ICD-10 classification of diseases and health related problems (National centre for Classification in National Centre for

Classification in Health 1998).

Table 1 (Continued)
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Pooled estimates for low birthweight, by quality of studies. Pocled ests fow birthweght, classdyi by the use of ICD codes.
% %

Study OR (95% CI) Weight Study OR (95% C1) Weight
Low No
Alhusen et al 2013 5.00(1.98,1268) 356 Ahusen et al. 2013 ——— 500(198,1268) 3.5
Bada et al 2005 121(090,161) 626 Bada et al 2005 121(090,161) 626
Coleman-Cowger etal 2016 100(0.10,7.90) 112 Bailey et al 2020 182(145,287) 607
Crume et al. 2018 150(1.10,210) 614 Coleman-Cowger etal. 2016 100(0.10,7.90) 1.12
Haight et al. 2021 170(1.00,300) 517 Conner etal 2015 130(091,180) 607
Mark et al 2015 087(0.30,254) 308 Crume et al 2018 150(1.10,210) 614
Nguyen et al 2021 127(105154) 657 Haight et al 2021 170(100,300) 517
Subtotal (I-squared = 42 2%, p = 0.109) 142(1.14,178) 3190 Hayatbakhsh et al. 2011 170(1.30,220) 635

Kharbanda etal 2020 127(086,186) 589
High Mark et al 2015 087(0.30,254) 3.08
Bailey et al 2020 182(145,287) 607 Michaiski et al 2020 093(029,293) 28
Bonello et al 2014 431(320,582) 623 Nguyen et al 2021 127(105,154) 657
Conner et al. 2015 130(091,180) 607 Schempf et al. 2008 093(055,157) 528
Hayatbaknsh et al. 2011 170(1.30,220) 635 Straub et al. 2019 142(101,201) 606
Kharbanda et al. 2020 127(086,186) 589 Van Gelder et al. 2010 070(030,160) 391
Michaiski et al. 2020 093(029,293) 282 Washio et al 2018 105(072,149) 598
Oni etal 2021 360(3.00,410) 665 Subtotal (I-squared = 34.8%, p = 0.084) 136(120,155) 8032
Schempf et al. 2008 093 (0.55,157) 528
Shietal. 2021 113(107,120) 680 Yes
Straub et al. 2019 142(1.01,201) 606 Bonelio et al 2014 431(320,582) 623
Van Gelder et al 2010 070(0.30,160) 391 Oni etal 2021 360(300,4.10) 665
Washio et al. 2018 105(0.72,149) 598 Shietal 2021 113(107,120) 680
Subtotal (I-squared = 95.8%, p = 0.000) 151(1.06,216) 6810 Subtotal (I-squared = 99.2%, p = 0.000) 258(1.00,667) 1968
Overall (I-squared = 93.3%, p = 0.000) 152(1.18,1.96)  100.00 Overall (I-squared = 93.3%, p = 0.000) 152(1.18,1.96) 100,00
NOTE: Weights are from random effects analysis § NOTE: Weights are from random effects analysis

T T T T T T
0789 1 127 0789 1 127

Fig. 2 Pooled estimates for low birth weight analysis. Cl, confidence interval; ICD, International Classification of Disease; OR, odds ratio.

Pooled estimates for preterm birth, by quality of studies. Pooled estimates for preterm birth, classifying the studiesby the use of ICD codes.
% %
Study OR(95%Cl)  Weight Study OR(95%CI)  Weight
Low i No i
Alhusen et al. 2013 1.93(0.71,526) 063 Alhusen et al. 2013 1.93(0.71,5.26) 063
Bada et al. 2005 [ B 0.90 (0.73, 1.11) 501 Bada et al. 2005 —— 0.90(0.73,1.11) 501

!

Chabarria etal. 2016 B E— 0.84(0.35, 1.98) 0.81 Bailey et al. 2020 1.79(1.37,2.82) 3.07
Corsi etal. 2019 . 1.41(1.36,1.47) 7.24 Chabarria et al. 2016 —_—— 0.84 (0.35, 1.98) 0.81
Coleman-Cowgner et al. 2018 —f—T——%—————— 220(0.80,5.60) 066 Corsi et al. 2019 * 1.41(1.36,1.47) 7.24
Crume etal. 2018 —_—— 1.30(0.80,2.10) 2.1 Coleman-Cowgner et al. 2018 —————+——————— 220(080,560) 066
Haight et al. 2021 —_— 110 (0.60,2.00) 151 Crume et al. 2018 —_— 1.30 (0.80,2.10) 2.1
Hayatbakhsh et al. 2011 —_— 1.50 (110, 1.90) 4.09 Haight et al. 2021 —_— 1.10(0.60,2.00) 1.51
Klebanoff et al. 2019 —_— 1.04(0.72,1.50) 3.01 Hayatbakhsh et al. 2011 — 1.50(1.10, 1.90) 4.09
Michalski et al. 2020 1.26 (0.62,2.57) 1.15 Kharbanda et al. 2020 i 1.06 (0.64,1.77) 1.95
Nguyen et al. 2021 T 116 (0.92,1.45) 4.74 Klebanoff et al. 2019 —_— 1.04 (0.72,1.50) 3.01
Sasso etal. 2021 H 064 (0.31,1.32) 1.1 Leemaqz et al. 2016 — 2.28(1.49, 360) 2.39
Van Gelder et al. 2010 —_— 1.00 (0.60, 1.90) 1.62 Luke etal. 2019 —- 1.27(1.14, 1.42) 651
Warshak et al. 2015 —— 1.09 (089, 1.33) 5.14 Michalski et al. 2020 e — — 126 (062,257) 1.15
Washio et al. 2018 ——— 125(0.87,1.77) 313 Nawa et al. 2020 T 1.15(0.95, 1.40) 525
Subtotal (I-squared = 61.0%, p = 0.001) < 1.18(1.03,1.34) 41.95 Nguyen et al. 2021 T 1.16 (0.92,1.45) 4.74
A Sasso etal. 2021 _— 064(0.31,1.32) 1.1
High | Saurel-Cubizolles et al. 2014 —_—— 1.89 (1.11,320) 1.84
Bailey et al. 2020 —_— 1.79(1.37,2.82) 3.07 Van Gelder et al. 2010 _— 1.00 (0.60, 1.90) 1.62
Bandoli et al. 2021 - 1.30 (1.30, 1.40) 7.25 Warshak etal. 2015 — 1.09(0.89,1.33) 5.14
Bonello et al. 2014 . 268(1.92,3.74) 3.36 Washio et al. 2018 e - 1.25(0.87,1.77) 3.13
Burns etal. 2006 I 2.20(1.90,2.50) 6.12 Subtotal (I-squared = 60.1%, p = 0.000) < 1.25(1.14,1.38) 62.97
Kharbanda et al. 2020 —_—— 1.06 (064,1.77) 1.95 : H
Leemaqz et al. 2016 | — 2.28(1.49,3.60) 2.39 Yes .
Luke et al. 2019 o 1.27(1.14,1.42) 6.51 Bandoli et al. 2021 < 1.30(1.30, 1.40) 7.25
Nawa et al. 2020 T 1.15(0.95,1.40) 5.25 Bonello et al. 2014 T = 268(1.92,3.74) 336
Onietal. 2021 ! = 260 (2.20, 3.00) 5.85 Burns et al. 2006 . 2.20(1.90,250) 6.12
Petrangelo et al. 2018 * 1.40 (1.36, 1.43) 7.30 Oni et al. 2021 . —— 2,60 (2.20,3.00) 5.85
Saurel-Cubizolles et al. 2014 —_— 1.89 (1.11,3.20) 1.84 Petrangelo et al. 2018 - 140 (1.36,1.43) 7.30
Shi et al. 2021 * 1.06 (1.01,1.12) 7.15 Shi et al. 2021 * 1.06(1.01,1.12) 7.15
Subtotal (I-squared = 95.5%, p = 0.000) < 1.57(1.39, 1.78) 58.05 Subtotal (I-squared = 97.8%, p = 0.000) < 167 (1.42,1.97) 37.03
| |
Overall (I-squared = 90.7%, p = 0.000) <> 139 (1.28,1.51) 100.00 Overall (I-squared = 90.7%, p = 0.000) > 1.39(1.28,1.51) 100.00
NOTE: Weights are from rzndlom effects analysis } . NOTE: Weights are from random effects analysis . .
79 1 56 179 1 56

Fig. 3 Pooled estimates for preterm birth analysis. Cl, confidence interval; ICD, International Classification of Disease; OR, odds ratio.

Pooled estimates for small for gestational age, by quality of studies. Pooled estimates for small for gestational age, classifying studies by the use of ICD codes.
% %

Study OR (95% Cl) Weight Study OR (95% Cl) Weight
Low H No ] H
Alhusen et al. 2013 | —— 5.16(2.24,11.89) 062 Alhusen et al. 2013 | —— 5.16(2.24,11.89) 062
Bada et al. 2005 B 1.08(0.85,1.36) 459 Bada et al. 2005 ——H§ 1.08(0.85,1.36) 459
Chabarria etal. 2016 245(0.33,1847) 0.11 Chabarria etal. 2016 245(0.33,1847) 0.1
Crume et al. 2018 - 1.30(0.80,220) 152 Corsi et al. 2019 * 1.41(1.36,145) 10.09
Haight et al. 2021 o 1.80(0.90,3.50) 0.90 Crume et al. 2018 ——— 1.30(0.80,220) 152
Nguyen et al. 2021 —_— 1.35(1.09,168) 502 Haight et al. 2021 . 1.80(0.90,350) 0.90
Sasso etal. 2021 | — 4.24(1.73,10.40) 0.54 Hayatbakhsh et al. 2011 LIS 220(1.80,270) 535
Subtotal (I-squared = 71.0%, p = 0.002) <> 172(1.22,2.44) 1330 Kharbanda etal. 2020 — 169(1.22,234) 304

y Leemaqz etal. 2016 — 1.13(0.80,160) 278
High Luke etal. 2019 -> 147(1.33,161) 856
Bandoli et al. 2021 - 150 (1.40,1.50) 10.06 Michalski et al. 2020 —_— 203(1.25,331) 162
Bums et al. 2006 - 200(1.70,220) 751 Nguyen et al. 2021 —— 1.35(1.09,168) 502
Corsi et al. 2019 * 1.41(1.36,1.45) 10.09 Sasso et al. 2021 o 4.24(1.73,10.40) 0.54
Hayatbakhsh et al. 2011 e 220(1.80,2.70) 535 Saurel-Cubizolles et al. 2014 —— 172(1.12,263) 202
Kharbanda et al. 2020 | —— 169(1.22,234) 304 Straub etal. 2019 * 151(1.49,153) 1029
Leemaqz et al. 2016 — 1.13(0.80,160) 278 Warshak et al. 2015 —— 1.30(1.03,162) 478
Luke et al. 2019 147(1.33,161) 856 Subtotal (I-squared = 74.2%, p = 0.000) 0 1.49(1.39,1.60) 61.83
Michalski et al. 2020 203(1.25,331) 162 !
Mravcik et al. 2020 —_— 1.00(0.50,220) 077 Yes
Petrangelo et al. 2018 4 1.35(1.30,141) 996 Bandoli et al. 2021 4 1.50(1.40,1.50) 10.06
Saurel-Cubizolles et al. 2014 e 172(1.12,263) 202 Bums et al. 2006 = 200(1.70,220) 7.51
Shietal. 2021 . 113(1.08,1.18) 9.89 Mravcik et al. 2020 —_— 1.00(0.50,220) 0.77
Straub etal. 2019 * 151(1.49,153) 1029 Petrangelo et al. 2018 . 1.35(1.30,1.41) 996
Warshak et al. 2015 —— 1.30(1.03,162) 478 Shietal. 2021 - 1.13(1.08,1.18) 9.89
Subtotal (I-squared = 94.1%, p = 0.000) 0 1.48(1.38,159) 86.70 Subtotal (I-squared = 97.0%, p = 0.000) < 143(1.22,167) 3817
Overall (I-squared = 91.7%, p = 0.000) 0 1.47(1.38,1.58)  100.00 Overall (I-squared = 91.7%, p = 0.000) 0 1.47(1.38,1.58)  100.00
NOTE: Weights are from random effects analysis H NOTE: Weights are from random effects analysis 1

T T T
0541 1 185 0541 1 185

Fig. 4 Pooled estimates for SGA analysis. Cl, confidence interval; ICD, International Classification of Disease; OR, odds ratio; SGA, small for
gestational age.
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Table 2 Summary of results for the quality of evidence according to GRADE guidelines

Outcome Group effect (95% Cl) Participants (number of studies) Quality of evidence (GRADE)
LBW 1.52 (1.18-1.96) 5,579,127 (19) Very low?
PTB 1.39 (1.28-1.51) 22,578,522 (27) Very low?
SGA 1.47 (1.38-1.58) 23,432,419 (21) Very low?

Abbreviations: Cl, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; LBW, low birth weight; PTB,

preterm birth; SGA, small for gestational age.

J0bservational studies with high heterogeneity and risk of bias due to measurement errors and potential residual confounding.

outcomes.> Therefore, differences in populations and the
adjusted analysis may be important sources of heterogeneity.

The observed result of higher rates of PTB, LBW, and SGA in
cannabis users has biological plausibility?%>2->° and is consis-
tent with other studies that demonstrated lower fetal weight
gain and lower gestational age at birth in cannabis users.”®~®"
Studies that assessed the type of PTB and gestational age at
birth indicate higher risks of SPTB and of early or very-early
PTBs associated with cannabis use during pregnancy. SPTBs
are more frequently associated with maternal conditions, such
as maternal age, prepregnancy weight status, micronutrient
deficiencies, infectious diseases, tobacco use, poor mental
health, and intimate partner violence.®2%3 The higher preva-
lence of SPTB in cannabis users reported in the studies
included in this review, and apparently no higher risk for
induced PTB, is consistent with these known maternal char-
acteristics associated with PTB.

The higher odds of negative outcomes among women who
reported heavy use and with continued use during the second
and third trimesters of gestation are similar to the pattern
observed with cigarette smoking where a higher risk of LBW is
observed in women who continue to smoke and/or do not
reduce the number of cigarettes smoked during pregnancy.®*
Currently, there is no evidence of a safe frequency, amount, and
timing of cannabis use during pregnancy.

Evidence of an interaction between cannabis and smoking
is still inconclusive. The prevalence of tobacco use is much
higher in women that use cannabis during pregnancy? and
both cannabis and tobacco use have independent effects on
gestational age and birth weight. Therefore, the concomitant
use of both drugs can result in cumulative effects on these
negative neonatal outcomes and efforts should be made to
reduce the exposure to both substances and to other drugs
during pregnancy, even if a clear additive interaction effect is
not demonstrated.

Limitations

This review has some limitations. Although we did not apply
language restrictions during the search, only studies pub-
lished in Portuguese, English, Spanish, or French were in-
cluded in the review. However, we only excluded one study
due to language constraints (one paper in Iranian). We were
not able to extract data from one study,®> due to missing data
for extraction and inclusion in the meta-analysis. This was a
cross-sectional study which evaluated the use of cannabis
during pregnancy based on women’s self-report 2 to 9 months

after delivery and we do not expect this could affect the main
results of this meta-analysis. To assess the quality of studies,
we used the same criteria adopted in a previous review,'®
which may not have been sufficient to classify the studies as
high or low quality, one of the planned subgroup analyses. The
quality assessment mainly differentiated studies that used
objective measures to assess exposure to cannabis and the risk
of selection bias. It is not clear whether another assessment
criterion would allow a better assessment of the heterogeneity
of the studies. Our control group for comparison excluded
women who used other illicit drug during pregnancy, but we
were not able to address prescribed drugs, and there is a
possibility of residual confounding. Finally, we excluded stud-
ies of populations that were nonrepresentative of the general
population of pregnant women (e.g., substance use disorders
and medical comorbidities), which limited the scope and the
external validity of the review.

Conclusion

Cannabis is the most frequently used drug during pregnancy,
and its use is independently associated with PTB, LBW, and
SGA. Future studies should focus on current knowledge gaps
and explore the type of use, exposure time during pregnancy,
mode of use, and dosage. Services should develop targeted
approaches to counseling and to provide treatment options for
women with a cannabis-related diagnosis during antenatal
care. Health education messages about the risks of cannabis use
should be promoted, especially for women with less prenatal
care, who are often the most socially vulnerable. Public policies
regarding surveillance, cannabis’ regulation, and how it influ-
ences its consumption should also be discussed.
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