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OBJECTIVE: To estimate whether marijuana use in preg-
nancy increases risks for adverse neonatal outcomes and
clarify if any increased risk is attributable to marijuana
use itself or to confounding factors such as tobacco use.

DATA SOURCES: Two authors performed a search of the
data through August 2015 utilizing PubMed, Embase,
Scopus, Cochrane reviews, ClinicalTrials.gov, and Cumu-
lative Index to Nursing and Allied Health.

METHODS OF STUDY SELECTION: We looked at obser-
vational studies that compared rates of prespecified
adverse neonatal outcomes in women who used mari-
juana during pregnancy with women who did not.

TABULATION, INTEGRATION, AND RESULTS: Two au-
thors independently extracted data from the selected
studies. Primary outcomes were low birth weight (less than
2,500 g) and preterm delivery at less than 37 weeks of
gestation. Secondary outcomes were birth weight, gesta-
tional age at delivery, small for gestational age, level 1l or
greater nursery admission, stillbirth, spontaneous abor-
tion, low Apgar score, placental abruption, and perinatal
death. DerSimonian-Laird random-effects models were
used. We assessed heterogeneity using the Q test and
statistic. Stratified analyses were performed for the pri-
mary outcomes and pooled adjusted estimates were cal-
culated. We included 31 studies that assessed the effects of
maternal marijuana use on adverse neonatal outcomes.
Based on pooled unadjusted data, marijuana use during
pregnancy was associated with an increased risk of low
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birth weight (15.4% compared with 10.4%, pooled relative
risk [RR] 1.43, 95% confidence interval [CI] 1.27-1.62) and
preterm delivery (15.3% compared with 9.6%, pooled RR
1.32, 95% CI 1.14-1.54). However, pooled data adjusted
for tobacco use and other confounding factors showed
no statistically significant increased risk for low birth
weight (pooled RR 1.16, 95% CI 0.98-1.37) or preterm
delivery (pooled RR 1.08, 95% CI 0.82-1.43).
CONCLUSION: Maternal marijuana use during preg-
nancy is not an independent risk factor for adverse
neonatal outcomes after adjusting for confounding fac-
tors. Thus, the association between maternal marijuana
use and adverse outcomes appears attributable to
concomitant tobacco use and other confounding factors.
(Obstet Gynecol 2016;128:713-23)

DOI: 10.1097/AOG.0000000000007649

M arijuana is the most common recreational drug
used in pregnancy.' In the obstetric population,
the reported prevalence ranges from 2% to 27% de-
pending on population studied, definition of use, and
method of detection.”® This is likely underestimated
because marijuana use is often underreported. Despite
the fact that hundreds of thousands of women use
marijuana in pregnancy, little is known about the ef-
fects of marijuana on neonatal outcomes.

It is biologically plausible that marijuana use during
pregnancy could affect the fetus. Delta 9 tetrahydro-
cannabinol readily crosses the placenta and can be
detected in the adult body for 30 days.** In addition,
when smoked, marijuana has been shown to lead to
fivefold higher serum carbon monoxide levels com-
pared with tobacco, potentially leading to impaired
maternal respiratory and gas exchange physiology and
subsequent harmful effects on the fetus.”*

Prior studies of varying quality and methodology
investigating neonatal outcomes related to marijuana
use in pregnancy have yielded conflicting results, some
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showing increased risks for adverse neonatal outcomes
whereas others show no increased risk.” Many are ham-
pered by selection bias by using volunteer cohorts and
classification bias by defining marijuana exposure
through self-report. Additionally, previous studies do
not uniformly adjust for confounding as a result of coex-
istent tobacco use, a vital consideration when investigat-
ing health outcomes associated with marijuana use,
because marijuana is often used in combination with
tobacco.

We sought to determine the effect of marijuana
use during pregnancy on neonatal outcomes and
clarify whether any increased risk is attributable to
marijuana itself or to other confounding factors such
as tobacco.

SOURCES

We performed a systematic review and meta-analysis
based on a predesigned protocol registered with PROS-
PERO (#CRD42016036498). The protocol detailed the
research question, populations, exposures, outcomes of
interest, search strategies, study selection, exclusion cri-
teria, methods of data abstraction, and statistical analy-
sis. All methods followed the guidelines set forth by the
Meta-analysis of Observational Studies in Epidemiology

group.®

Two authors (S.N.C. and K.L.), including a medical
librarian trained in systematic reviews (K.L.) conducted
a systematic search of the existing biomedical literature
from inception of each database through August 2015.
The controlled vocabulary of each database and
plain language was used in creating a search strategy
including term indices for the concepts of “neonatal
outcomes,” “pregnancy complications”, and “mari-
juana use.” Our complete search strategy has been
published on PROSPERO (#CRD42016036498).
We searched the databases PubMed/MEDLINE, EM-
BASE, Scopus, Cochrane Library, ClinicalTrials.gov,
and Cumulative Index to Nursing and Allied Health.
The final search results were limited to English lan-
guage and human studies using the database-supplied
limit. After removing duplicate studies, two of the au-
thors (S.N.C. and V.B.) screened the remaining publi-
cations for relevance and fulfillment of predefined
inclusion and exclusion criteria.

STUDY SELECTION

We included observational studies including cohort
and case—control studies that compared rates of our
primary or secondary outcomes in women who used
marijuana during pregnancy with women who did not
use marijuana during pregnancy. We excluded studies
that included marijuana users in the control group or
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studies that did not investigate any of our prespecified
outcomes. In addition, we excluded studies for which
we were unable to extract outcome data for marijuana
users separately from other substance users (ie, cocaine
users) and studies for which we could not extract raw
data based on what was presented. We also excluded
case series, case reports, abstracts, unpublished data,
expert opinions, review articles, animal studies, and
non-English publications. When a duplicated cohort
was encountered, we included the study that provided
the most data on our primary and secondary outcomes.

Two authors (S.N.C. and V.B.) independently
evaluated each study. Data abstracted included char-
acteristics of the study, identification of potential
sources of bias and other quality measures, and rates
of the outcomes. Rates of the outcomes were further
extracted for studies specifying amount of marijuana

Records identified through
database
(N=4,875)

) Excluded studies (n=2,182):
Duplications: 2,182

v
Potentially relevant studies
screened for retrieval
(n=2,693)

Excluded studies (n=2,649)
—P Not relevant: 2,649

v
Studies retrieved for more
detailed evaluation
(n=44)

Excluded studies (n=5):
Duplicated cohort: 1

— Marijuana users included in
control group: 1

None of our outcomes: 3

h 4
Potentially appropriate
studies for inclusion in the
meta-analysis
(n=39)

Excluded studies (n=8):
Unable to extract
—>»  marijuana data separately: 4
Unable to extract based on
data presented: 4

v
Studies included in the
meta-analysis
(n=31)

Fig. 1. Flow diagram of studies in the meta-analysis.

Conner. Marijuana and Neonatal Outcomes. Obstet Gynecol
2016.
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Table 1. Characteristics of Included Studies

Study Year  Country Study Design  Defined M] Use Outcomes MJ  Unexposed
Bada et al'® 2005 United States Retrospective Self-report, SGA, LBW, PTD 811 7,826
cohort meconium
Bailey et al'® 2012 United States Prospective cohort Self-report, urine, Birth weight 39 121
meconium
Bailey et al'” 2007 United States Retrospective Self-report LBW 9 213
cohort
Budde et al'® 2007  Australia  Retrospective Self-report Abruption 17 133
case—control
Conner et al*® 2015 United States Retrospective Self-report, urine  LBW, NICU, low Apgar 680 7,458
cohort
Day et al* 1991 United States Prospective cohort Self-report Birth weight, GA delivery 103 210
El Marroun et al?' 2009  Netherlands Prospective cohort Self-report Birth weight, GA delivery 214 5,540
Fergusson et al*> 2002 United Prospective cohort Self-report Birth weight, NICU, 309 11,769
Kingdom PTD, perinatal death
Fried et al*® 1984 Canada Prospective cohort Self-report Birth weight, GA delivery 84 499
Gibson et al** 1983 Australia  Retrospective Self-report PTD 392 6,909
cohort
Gray et al*® 2010 United States Prospective cohort Self-report, Birth weight, PTD, GA 41 45
meconium, oral  delivery
fluid
Greenland et al*® 1982 United States Prospective cohort Self-report, urine, LBW, PTD, low Apgar 35 36
serum, score
umbilical cord
Hatch et al*” 1986 United States Prospective cohort Self-report Birth weight, SGA, LBW, 357 3,490
PTD, GA delivery
Hayatbakhsh 2012 Australia  Retrospective Self-report Birth weight, SGA, 647 24,227
et al®® cohort NICU, GA delivery
Hayes et al* 1988 Jamaica Prospective cohort Self-report Birth weight, PTD, GA 30 25
delivery
Hingson et al*° 1982 United States Retrospective Self-report Low Apgar score 235 1,442
cohort
Kline et al’’ 1991 United States Retrospective Self-report SAB 240 2,762
case—control
Linn et al*® 1983 United States Retrospective Self-report LBW, NICU, PTD, 1,246 11,178
cohort stillbirth, low Apgar
score, abruption
Mark et al®? 2015 United States Retrospective Self-report, urine  Birth weight, LBW, 51 119
cohort NICU, PTD, low
Apgar score, GA
delivery
Ortigosa et al** 2012 Spain Retrospective Meconium Birth weight, GA 38 63
cohort delivery, abruption
Ostrea et al’® 1997 United States Prospective cohort Meconium LBW, PTD, low Apgar 157 1,658
score, perinatal death
Saurel-Cubizolles 2014 France Retrospective Self-report Birth weight, SCA, PTD 156 13,348
et al*® cohort
Shiono et al*” 1995 United States Prospective cohort Self-report, serum LBW, PTD 822 6,648
Thompson et al*® 1994 New Zealand Retrospective Self-report SGA 95 1,410
case—control
Van Gelder et al** 2010 United States Retrospective Self-report LBW, PTD 185 5,343
cohort
Varner et al* 2014 United States Retrospective Umbilical cord Stillbirth 34 1,434
case—control
Visscher et al' 2003 United States Retrospective Self-report LBW 49 717
cohort
Wilcox et al* 1990 United States Prospective cohort Self-report SAB 22 149
(continued)
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Table 1. Characteristics of Included Studies (continued)

Study Year  Country Study Design  Defined MJ Use Outcomes MJ  Unexposed
Williams et al** 1991 United States Retrospective Self-report Abruption 134 1,266
case—control
Witter et al** 1990 United States Retrospective Self-report Birth weight, LBW, PTD, 417 7,933
cohort abruption, perinatal
death
Zuckerman et al*> 1989 United States Prospective cohort Urine Birth weight, GA 202 895

delivery

MJ, marijuana; SGA, small for gestational age; LBW, low birth weight; PTD, preterm delivery; NICU, neonatal intensive care unit; GA,

gestational age; SAB, spontaneous abortion.

use and if marijuana users or participants in a control
group were stratified by use of tobacco.

The primary outcomes were low birth weight (less
than 2,500 g) and preterm delivery at less than 37
weeks of gestation. These were selected because they
are the most commonly evaluated outcomes in the
literature and the most biologically plausible. Second-
ary outcome measures included birth weight, gesta-
tional age at delivery, small for gestational age (SGA;
less than the 10th percentile), level II or greater nursery
admission, stillbirth, spontaneous abortion, low Apgar
score, placental abruption, and perinatal death.

The exposure was marijuana use during pregnancy
of any amount, duration, or frequency. Use was defined
through self-report, objective measure alone, or a com-
bination of self-report and objective measure depending
on the individual study. Marijuana users who also used
other substances were included in the exposed group.
Further stratification of the exposed group was per-
formed according to amount of marijuana used, low,
moderate, and high, which corresponded to use less
than weekly, weekly or stated moderate, and daily or
stated heavy, respectively. Additional stratification of
the exposed group was performed with respect to
concomitant exposure to tobacco where the raw data
could be extracted. The unexposed group was defined
as women who did not use marijuana during pregnancy
as defined by the individual studies.

Sources of bias in meta-analyses are often the
result of differences in design, analysis, and reporting
among studies.'"'? Rather than using quality scoring
systems, which may be poorly discriminatory, we as-
sessed study quality based on six factors we deemed
most likely to threaten study validity: 1) objective def-
inition of marijuana use, 2) quantity of marijuana use
investigated, 3) study excluded other substance users,
4) the study stated that they made some adjustment for
tobacco use, 5) risk for selection bias, and 6) the study
excluded multiple gestations or fetal anomalies. Stud-
ies that defined marijuana using an objective format,
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using meconium, umbilical cord, urine, oral fluid, or
serum, were considered to have used objective criteria
for definition. Conversely, studies that used patient self-
report in any form were considered to not use objective
criteria for definition. When studies used self-report or
an objective measure to define exposure, these studies
were classified as not using an objective definition of
marijuana use. To qualify favorably for criteria 4, the
study must have specified either in methods or results
that they adjusted for tobacco use either in the form of
adjusted or stratified analyses; however, not all studies
that stated that adjustment was performed included the
results or raw numbers in their manuscript. Studies that
relied on any form of a volunteer cohort were deter-
mined to have a high risk of selection bias. Overall
quality was determined to be higher if at least three
of the six criteria were assessed as favorable.

Data were analyzed using Stata 12.0 with METAN
software package. Raw data were abstracted from each
study and combined using the DerSimonian-Laird
random-effects model. Pooled relative risks (RRs) or
standard mean difference and the 95% confidence
intervals (CIs) were calculated for each of the primary
and secondary outcomes if two or more studies reported
the specific outcome. For the secondary outcomes that
included case—control studies, pooled odds ratios (ORs)
were used. Pooled adjusted estimates and 95% CIs were
also calculated for all outcomes in which two or more
studies specified adjusted estimates and 95% Cls. Results
were plotted graphically as forest plots.

Statistical heterogeneity was assessed using Co-
chran’s Q and Higgin’s P tests."® To account for the
low statistical power of tests of heterogeneity, we
considered statically significant heterogeneity as
Cochran’s Q test with a P<.l1 or P>30%. We
explored sources of heterogeneity using stratified
analyses for amount of marijuana used during preg-
nancy for each of the primary outcomes and stratifi-
cation by concomitant marijuana and tobacco use for
outcomes in which two or more studies gave raw
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data stratifying by tobacco use. We assessed publica-
tion bias graphically using funnel plots and statistically
using the Harbord test for categorical outcomes or
Egger test for continuous outcomes.'*"*

RESULTS

The flow diagram of study identification for the meta-
analysis is shown in Figure 1. After exclusions for
duplications, 2,693 potentially relevant publications
were identified. After excluding studies deemed to
be not relevant to the study topic through review of
titles and abstracts, 44 studies were retrieved for
a more detailed evaluation. Studies were further elim-
inated for use of a duplicated cohort, marijuana users
included in the control group, none of our prespeci-
fied outcomes investigated, inability to extract mari-
juana data separately from other drug users, or
inability to extract raw numbers based on the data

Table 2. Quality Assessment of Included Studies

presented. After all exclusions, 31 publications were
included in the meta-analysis.'”™*

Among the 31 included studies, publication dates
ranged from 1982 to 2015 and 21 of 31 (68%) were
performed in the United States. In all, 13 were
retrospective cohort, 13 were prospective cohort,
and five were case—control studies. Together, the stud-
ies included 7,851 patients who used marijuana dur-
ing pregnancy (exposed) and 124,867 patients who
did not use marijuana during pregnancy (unexposed).
The majority of included studies used maternal self-
report to define marijuana use during pregnancy.
Detailed characteristics of the included studies, pro-
viding each study’s year of publication, country, study
design, how marijuana was defined, outcomes of inter-
est investigated, and numbers of exposed and unex-
posed patients are listed in Table 1. Methodologic
quality of each included study is shown in Table 2.

Objectively Investigated Excluded Stated Excluded Overall

Defined MJ] Quantity of  Other  Adjusted for Selection  Multiple or Study
Study Use Use Drugs Tobacco Bias Risk ~ Anomalies Quality
Bada et al'® (2005) Partly No No Yes High Yes Lower
Bailey et al'® (2012) Yes No No Yes High Yes Higher
Bailey et al'® (2007) No No No Yes Low No Lower
Budde et al'” (2007) No No No Yes Low Yes Higher
Conner et al'® (2015) Partly No No Yes Low Yes Higher
Day et al'® (1991) No Yes No Yes High Yes Higher
El Marroun et al*® (2009) No Yes No Yes High No Lower
Fergusson et al*' (2002) No Yes No Yes High Yes Higher
Fried et al** (1984) No Yes No Yes High Yes Higher
Gibson et al** (1983) No Yes No Yes High Yes Higher
Gray et al** (2010) Yes Yes Yes Yes High Yes Higher
Greenland et al?® (1982) Yes Yes Yes Yes High No Higher
Hatch et al*” (1986) No Yes No Yes High Yes Higher
Hayatbakhsh et al*® (2012) No No No Yes Low No Lower
Hayes et al*® (1988) No Yes No Yes High No Lower
Hingson et al*® (1982) No Yes Yes Yes High No Higher
Kline et al®' (1991) No Yes Yes Yes High No Higher
Linn et al®*? (1983) No Yes Yes Yes Low Yes Higher
Mark et al** (2015) Partly No No Yes Low Yes Higher
Ortigosa et al** (2012) Yes No No No High Yes Lower
Ostrea et al*> (1997) Yes No Yes No Low No Higher
Saurel-Cubizolles et al*® No Yes No Yes Low No Higher

(2014)

Shiono et al*” (1995) Partly Yes No Yes High Yes Higher
Thompson et al*® (1994) No No No Yes High No Lower
Van Gelder et al*? (2010) No Yes No Yes High Yes Higher
Varner et al*® (2014) Yes No No Yes High No Lower
Visscher et al*' (2003) No No No Yes High No Lower
Wilcox et al** (1990) No No No No High No Lower
Williams et al** (1991) No Yes No Yes High No Lower
Witter et al** (1990) No No Yes No Low No Lower
Zuckerman et al** (1989) Yes No No Yes High No Lower

MJ, marijuana.
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Based on evaluations in the six specified categories, 14
studies were classified as lower quality and 17 studies
were classified as higher quality.

Based on the pooled unadjusted analysis, women
using marijuana in pregnancy were at increased risk for
low birth weight (12 studies: 15.4% compared with
10.4%, RR 1.43, 95% CI 1.27-1.62; Table 3; Fig. 2) and
preterm delivery (14 studies: 15.3% compared with
9.6%, RR 1.32, 95% CI 1.14-1.54; Table 3; Fig. 3).
There was evidence of statistical heterogeneity among
studies (P=.03, P=47.6% for low birth weight, and
P<.01, P=65.7% for preterm delivery). To explore
the sources of heterogeneity, we stratified the analyses
on amount of marijuana used and concomitant tobacco
use. Stratification by amount of marijuana used elimi-
nated the heterogeneity and showed that women using
marijuana less than weekly during pregnancy were not

at a significantly increased risk for low birth weight (two
studies: 8.8% compared with 6.7%, RR 1.22, 95% CI
0.91-1.64) or preterm delivery (five studies: 6.8% com-
pared with 5.7%, RR 1.09, 95% CI 0.91-1.32) com-
pared with women who did not use marijuana.
However, women who used marijuana at least weekly
during pregnancy were at significantly higher risk for
low birth weight (two studies: 11.2% compared with
6.7%, RR 1.90, 95% CI 1.44-2.45) and preterm deliv-
ery (five studies: 10.4% compared with 5.7%, RR 2.04,
95% CI 1.32-3.17). Similarly, stratification by coexist-
ing tobacco use eliminated the heterogeneity and
showed that women who smoked marijuana only were
not at increased risk for preterm delivery (two studies:
7.1% compared with 5.7%, RR 1.25, 95% CI 0.63-2.50)
compared with women who did not use either sub-
stance. Conversely, women who smoked marijuana

Table 3. Pooled Estimates for Primary Outcomes With Stratified Analyses

Heterogeneity

No. of M) Pooled Cochran’s P2
Outcome Stratification Studies M] Exposed Unexposed RR 95% Cl P (%)
LBW less than  Overall 12 15.4 (742/ 10.4 (5,462/ 1.43 1.27-1.62 0.03 47.6
2,500 g 4,819) 52,619)
Stratify by amount
MJ low compared with 2 8.8 (91/ 6.7 (990/ 1.22 0.91-1.64 0.29 11.4
no use 1,038) 14,668)
M) MOD compared 2 11.2 (49/438) 6.7 (990/ 1.90 1.44-2.45 0.52 0.0
with no use 14,668)
MJ high compared with 0 — — — — — —
no use
Stratify by tobacco use 0 — — — — — —
Adjusted estimates 4 — — 1.16 0.98-1.37 0.56 0.0
Unadjusted estimates from 4 18.7 (466/ 10.4 (2,858/ 1.60 1.40-1.84 0.20 35.6
same studies 2,498) 27,275)
PTD at less than Owverall 14 15.3 (767/ 9.6 (7,293/ 1.32 1.14-1.54 <0.01 65.7
37 wk of 4,999) 76,327)
gestation
Stratify by amount
MJ low compared with 5 6.8 (108/ 5.7 (1,904/ 1.09 0.91-1.32 0.89 0.0
no use 1,583) 33,371)
M) MOD compared 5 10.4 (64/616) 5.7 (1,904/ 2.04 1.32-3.17 0.03 63.2
with no use 33,371)
MJ high compared with 2 11.9 (16/135) 7.2 (805/ 1.73 1.09-2.73 0.71 0.0
no use 11,203)
Stratify by tobacco use
M) only compared with 2 7.1 (8/112) 5.7 (886/ 1.25 0.63-2.50 0.30 6.0
no MJ and no tobacco 15,582)
MJ and tobacco 2 11.4 (26/228) 5.7 (886/ 1.85 1.21-2.81 0.25 23.1
compared with no MJ 15,582)
and no tobacco
Adjusted estimates 4 — — 1.08 0.82-1.43 0.08 56.2
Unadjusted estimates from 4 23.3 (460/ 11.2 3,714/ 1.47 1.12-1.94 <0.01 81.6
same studies 1,974) 33,165)

M), marijuana; RR, relative risk; Cl, confidence interval; LBW, low birth weight; MOD, moderate; PTD, preterm delivery.

Data are % (n outcome/n exposed) unless otherwise specified.
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Study Events, Events, %
ID RR (95% Cl) Marijuana  Control Weight
|
Greenland (1982) - 1.54 (0.27,8.68) 3/35 2/36 0.50
Linn (1983) — 1.40(1.18,1.67) 133/1246  850/11178  16.27
Hatch (1986) —_—— 1.61(1.05, 2.46) 23/357 140/3490 6.22
Witter (1990) —O—E 1.12(0.90, 1.38)  74/417 1261/7933  14.01
Shiono (1995) —— 1.42 (1.15,1.76) 90/822 512/6648 14.05
Ostrea (1997) —t 1.17 (0.80, 1.71)  25/157 225/1658 7.37
1
Visscher (2003) — 1.66 (0.92, 2.99) 10/49 88/717 3.76
Bada (2005) - 1.73(1.57,1.91) 309/811 1723/7826  20.79
Bailey (2007) g . 1.03(0.16, 6.80) 1/9 23/213 0.42
van Gelder (2010) : 1.07 (0.56, 2.05) 9/185 243/5343 3.16
Conner (2015) —— 1.67 (1.28,2.18) 58/680 380/7458 11.41
Mark (2015) * : 1.09 (0.47,2.51) 7/51 15/119 2.02
Overall (I-squared = 47.6%, P = .033) @ 1.43(1.27,1.62) 742/4819  5462/52619 100.00
|
NOTE: Weights are from random effects analysis :
T ' T

A 1

Lower Risk for LBW

Higher Risk for LBW

Fig. 2. Forest plot marijuana use and low birth weight (LBW, less than 2,500 g). RR, relative risk; Cl, confidence interval.

Conner. Marijuana and Neonatal Outcomes. Obstet Gynecol 2016.

and tobacco were at increased risk for preterm delivery
compared with women who did not use either sub-
stance (two studies: 11.4% compared with 5.7%, RR
1.85, 95% CI 1.21-2.81).

To further explore the role of confounding factors
in the relationship between marijuana use in pregnancy
and adverse neonatal outcomes, we pooled the adjusted
estimates from the individual studies adjusting for
confounders. The studies that performed these analyses
universally adjusted for tobacco use, four of seven
adjusted for other drug use, and they all varied in
selected socioeconomic and demographic factors that
were assessed as potential confounders.'>'***3-39 The
pooled adjusted estimates showed that women who
used marijuana in pregnancy were not at increased risk
for low birth weight (four studies: adjusted OR 1.16,
95% CI 0.98-1.37; Fig. 4A) or preterm delivery (four
studies: adjusted OR 1.08, 95% CI 0.82-1.43; Fig. 4B)
after adjusting for confounding factors. The pooled
unadjusted estimates from the same studies providing
adjusted estimates are shown in Appendix 1A and B,
available online at http://linksIww.com/AOG/A865.
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There was no evidence of publication bias for either
low birth weight (Harbord’s P=.24; Appendix 2A,
available online at http://links.lww.com/AOG/A865)
or preterm delivery (Harbord’s P=.67; Appendix 2B,
available online at http://links.lww.com/AOG/A865).

Pooled analysis of the secondary outcomes is
illustrated in Table 4. Whereas women using marijuana
were at increased risk for having neonates who were
SGA based on the unadjusted estimates (five studies;
OR 1.96, 95% CI 1.57-2.45), pooled adjusted estimates
showed no increased risk for SGA in women using mar-
ijuana after adjusting for confounding factors (four stud-
ies: Adjusted OR 1.59, 95% CI 0.87-2.31). Similarly,
women using marijuana in pregnancy were at increased
risk for placental abruption based on pooled unad-
justed estimates (five studies: OR 1.60, 95% CI 1.29-
2.02) but not pooled adjusted estimates (two studies:
adjusted OR 1.35, 95% CI 0.28-2.42). Women who
used marijuana during pregnancy were at increased
risk for lower mean birth weight, stillbirth, and low
Apgar score based on pooled unadjusted estimates,
but adjusted estimates were not able to be pooled for
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Study Events, Events, %
ID RR (95% Cl) Marijuana  Control Weight
Greenland (1982) ! : -+ 3.08 (0.13,73.23) 1/35 0/36 0.23
Linn (1983) - 1.27 (1.05,1.53) 114/1246 804/11178 12.63
Gibson (1983) —_—— 1.24 (0.85,1.81) 27/392 384/6909  8.00
Hatch (1986) —— 1.68 (1.16, 2.43) 30/357 175/3490  8.11
Hayes (1988) < + | 0.28 (0.01, 6.58) 0/30 1/25 0.23
Witter (1990) - 1.14 (0.93,1.39) 81/417 1357/7933 12.26
Shiono (1995) - 1.13(0.94,1.37) 110/822  784/6648  12.66
Ostrea (1997) —! 0.87 (0.60,1.27) 25/157  303/1658  8.07
Fergusson (2002) - 1.20 (0.75,1.92) 17/309 540/11769 6.31
Bada (2005) -+ 1.68 (1.52, 1.84) 315/811 1813/7826  14.70
Gray (2010) . -+ 4.35 (0.47, 39.95) 3/31 1/45 0.46
van Gelder (2010) —— 1.27 (0.81,1.99) 18/185 410/5343  6.65
Saurel-Cubizolles (2014) I‘—O— 2.06 (1.31,3.24) 17/156 707/13348 6.55
Mark (2015) ——0— 1.50 (0.69, 3.24) 9/51 14/119 3.14
Overall (I-squared = 65.7%, P=.000) o 1.32 (1.14,1.54) 767/4999 7293/76327 100.00
1

NOTE: Weights are from random effects analysis E

I I

A 1

Lower Risk for PTD

Higher Risk for PTD

Fig. 3. Forest plot marijuana use and preterm delivery (PTD) at less than 37 weeks of gestation. RR, relative risk;

Cl, confidence interval.

Conner. Marijuana and Neonatal Outcomes. Obstet Gynecol 2016.

these secondary outcomes. Women using marijuana in
pregnancy were not at increased risk for level II or
greater nursery admission or spontaneous abortion,
and there was no difference in gestational age at delivery.
There was significant heterogeneity for the outcomes of
birth weight, gestational age at delivery, SGA, and level
I or greater nursery admission. There was no evidence
of publication bias for any of the secondary outcomes.

DISCUSSION

We found that maternal marijuana use during preg-
nancy is not an independent risk factor for low birth
weight or preterm delivery after adjusting for factors
such as tobacco use. There also does not appear to be
an increased risk for other adverse neonatal outcomes
such as SGA and placental abruption once we account
for other influencing factors. Our results indicate that
increasing frequency of marijuana use during preg-
nancy may play a role in risk for adverse neonatal
outcomes. However, women who use marijuana more
frequently are also more likely to use higher amounts of
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tobacco and other drugs, which we could not account
for in our study, likely confounding these results. These
data suggest that the association between maternal
marijuana use and adverse pregnancy outcomes may
be attributable to concomitant tobacco use and other
confounding factors and not marijuana alone.

Our study offers several important advances over
the previous meta-analyses on this subject.*®*” Since
the first meta-analysis by English et al*® in 1997,
which included only studies that adjusted for tobacco
use and found results congruent with ours that mari-
juana use during pregnancy did not lead to an
increased risk for low birth weight, more than 20
years of data have accrued. Perhaps the greatest
strength of our study was our ability to adjust for
tobacco and other confounding factors through using
adjusted estimates and stratification, which was not
able to be performed in the most recent meta-
analysis by Gunn et al.”” Additionally, we were able
to evaluate effects relating to amount of marijuana
use, which was not performed in the most recent
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Study
ID

Shiono (1995)

Bada (2005)

van Gelder (2010)

Conner (2015)

%

ES (95% Cl) Weight

1.10(0.90, 1.50)  41.23

1.21(0.90, 1.61)  31.81

0.70 (0.30, 1.60)  3.84

1.30(0.91,1.80) 23.12

Overall (I-squared=0.0%, P=.557) 1.16 (0.98, 1.36) 100.00
NOTE: Weights are from random effects analysis

T T

| 1 10

A Lower Risk for LBW Higher Risk for LBW

Study %
ID ES (95% ClI) Weight
Shiono (1995) —-‘o— 1.10 (0.80, 1.30) 36.29
Bada (2005) —o--i 0.90 (0.73, 1.11)  39.10
van Gelder (2010) — 1.00 (0.60, 1.90) 15.72
Saurel-Cubizolles (2014) 2.68 (1.16,6.20) 8.89

Fig. 4. Forest plot adjusted esti-
mates for marijuana use. A. Low
birth weight. B. Preterm delivery.
ES, effect size; ClI, confidence

Overall (I-squared=56.2%, P=.077)

NOTE: Weights are from random effects analysis

1.08 (0.82, 1.43) 100.00

interval; PTD, preterm delivery.
T

Conner. Marijuana and Neonatal Out- A
comes. Obstet Gynecol 2016. B

meta-analysis. We conducted an extensive review of
the available literature by two reviewers including six
databases with the aid of a Master of Library and
Information Science-credentialed librarian yielding
a transparent and reproducible search strategy. More-
over, our study adhered to a rigorous design with
a prespecified, published protocol.

Although our study has many strengths, the
potential limitations must be considered as well.
Inherent to performing a meta-analysis, the quality
of our findings is dependent on the quality of the
primary studies included. Because we were restricted
to the data available in the literature, we were unable to
perform stratification for all the secondary outcomes.
Similarly, the number of studies that allowed for
extraction of marijuana users separately from women
who also used tobacco was small, limiting our stratifi-
cation abilities for the outcome of low birth weight.
Although we were able to stratify by concomitant
tobacco use for the outcome of preterm delivery, we

VOL. 128, NO. 4, OCTOBER 2016
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Lower Risk for PTD
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1 10
Higher Risk for PTD

were severely underpowered to detect a difference
resulting in a risk for type II error. To have 80% power
to detect a 25% increased risk for preterm delivery in
patients using marijuana only, more than 2,000 patients
would be needed. We were also underpowered with
respect to the secondary outcomes of spontaneous
abortion and perinatal death. Another limitation to
our study was the limited number of studies that offered
adjusted estimates. Although we performed an exten-
sive search of the literature, we excluded non-English
studies and studies in which the raw data could not be
extracted, possibly introducing some selection bias to
our study. Additionally, the number of women using
other drugs in each individual study was not always
specified. Therefore, it is possible that some women
in the unexposed group used drugs other than
marijuana, which could potentially bias the results
toward the null. However, this is unlikely to
significantly bias the results, because women who
use marijuana also use other drugs at a significantly
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Table 4. Pooled Unadjusted and Adjusted Estimates for Secondary Outcomes

Pooled RR Heterogeneity Publication
(*OR)/ ——— Bias Harbord'’s
No. of M) Mean Cochran’s  I? P or Egger
Outcome Studies M]J Exposed Unexposed Difference 95% ClI P (%) test P
Birth weight (g) 8 — — —-167 —245 to —90 <.01 99.4 46
Adjusted N/A — — — — — — —
GA delivery (wk) 6 — — -0.1 —0.5t0 0.3 <.01 91.4 25
Adjusted N/A — — — — — — —
SGA 5 20.2 (418/ 10.0 (5,005/ 2.19* 1.70-2.81 <.01 73.0 .63
2,066) 50,235)
Adjusted 4 — — 1.59 0.87-2.31 <.01 83.9 —
NICU 5 15.9 (467/ 11.9 (6,498/ 1.41 0.99-2.0 <.01 89.9 .80
2,933) 54,751)
Adjusted N/A — — — — — —
Stillbirth 2 2.0 (26/ 3.7 (469/ 1.74* 1.03-2.93 .28 15.9 —
1,280) 12,612)
Adjusted N/A — — — — — —
SAB 2 31.7 (83/262) 30.0 (920/ 1.10* 0.84-1.44 0.94 0.0 —
3,074)
Adjusted N/A — — — — — — —
Low Apgar score 6 5.9 (143/ 4.6 (1,009/ 1.26 1.07-1.49 .78 0.0 .05
2,404) 21,891)
Adjusted N/A — — — — — — —
Abruption 5 3.3 (62/ 1.8 (376/ 1.78* 1.32-2.40 77 0.0 .94
1,852) 20,573)
Adjusted 2 — — 1.35 0.28-2.42 .68 0.0 —
Perinatal death 3 1.4 (12/883) 1.2 (260/ 1.09 0.62-1.91 43 0.0 47
21,360)
Adjusted N/A — — — — — — —

RR, relative risk; OR, odds ratio; Cl, confidence interval; N/A, not applicable; GA, gestational age; SGA, small for gestational age; NICU,

neonatal intensive care unit; SAB, spontaneous abortion.
Data are % (n outcome/n exposed) unless otherwise specified.

higher rate than nonusers. Additionally, in the
analysis utilizing the adjusted estimates, a majority
of the studies adjusted for concomitant use of other
drugs.'>'*%37 Lastly, although our results reflect
a large number of clinically relevant neonatal out-
comes, it is important to note that we did not inves-
tigate long-term neurodevelopmental outcomes
after exposure to marijuana in utero, and further
study is warranted in this regard.

In conclusion, the results of this systematic review
and meta-analysis suggest that the increased risk for
adverse neonatal outcomes reported in women using
marijuana in pregnancy is likely the result of coexist-
ing use of tobacco and other cofounding factors and
not attributable to marijuana use itself. Although these
data do not imply that marijuana use during preg-
nancy should be encouraged or condoned, the lack of
a significant association with adverse neonatal out-
comes suggests that attention should be focused on
aiding pregnant women with cessation of substances
known to have adverse effects on the pregnancy such
as tobacco.
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