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Good afternoon:
 
During Committee hearings earlier this week, members requested information concerning: the
effects of prenatal marijuana use, regional marijuana policy schemes, and marijuana possession
sentencing data from the Sentencing Commission.
 
Prenatal Marijuana Use
Research staff was asked to provide links to medical studies that analyzed the effects of
marijuana use by pregnant women.
 
The two studies below were chosen because of their publication in national medical periodicals,
are solely for informational purposes, and do not represent the views or opinions of the Kansas
Legislative Research Department.
 
Attached please find copies of two studies:
 


1. Marijuana Use During Pregnancy and Breastfeeding: Implications for Neonatal and Childhood
Outcomes, Ryan, et al. Pediatrics, American Academy of Pediatrics (2018).
 


2. Association Between Self-reported Prenatal Cannabis Use and Maternal, Perinatal, and
Neonatal Outcomes, Corsi, et al., Journal of the American Medical Association (2019).


 
Regional Marijuana Laws
 
Below is a chart with basic information concerning marijuana laws in regional states. Many
states enacted marijuana policy through a voter initiative. Voter initiatives require
signatures of a particular percentage of registered voters and appear on election ballots once
the questions are certified to have the required signatures. Please note that such a mechanism
does not exist in Kansas.
 
State Type of Regulated


System
Method of
Enactment


Effective Date


Arkansas Medicinal Voter
Initiative


November 9, 2016


Colorado Recreational Voter
Initiative


January 1, 2014


Iowa Medicinal-CBD/low
THC-only


Bill May 12, 2017


Missouri Medicinal Voter
Initiative


December 6, 2018


Nebraska N/A N/A N/A
Oklahoma Medicinal Voter


Initiative
Approved on June 26, 2018


 
Additional information on particular states is available upon request.
 
Marijuana Possession Sentencing Data
 
The Committee received a copy of a 2018 memorandum to the Kansas Sentencing Commission from
Executive Director Scott Schultz which discussed specific findings regarding the sentencing of
persons convicted of a 3rd or subsequent offense of possession of marijuana. Director Schultz
has provided the attached memorandum with updated information for FY 2019.
 
Please feel free to reach out if you have any questions.
 
Sincerely,
Jordan Milholland
 
Jordan Milholland
Senior Research Analyst
Legislative Research Department
Room-68-West
State Capitol Building
300 SW 10th Avenue
Topeka, KS 66612-1504
(785)296-3923
Jordan.Milholland@KLRD.ks.gov
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Marijuana Use During Pregnancy 
and Breastfeeding: Implications for 
Neonatal and Childhood Outcomes
Sheryl A. Ryan, MD, FAAP, a Seth D. Ammerman, MD, FAAP, FSAHM, DABAM, b Mary E. O’Connor, MD, MPH, FAAP, c, d  
COMMITTEE ON SUBSTANCE USE AND PREVENTION, SECTION ON BREASTFEEDING



Marijuana is one of the most widely used substances during pregnancy in 
the United States. Emerging data on the ability of cannabinoids to cross 
the placenta and affect the development of the fetus raise concerns about 
both pregnancy outcomes and long-term consequences for the infant or 
child. Social media is used to tout the use of marijuana for severe nausea 
associated with pregnancy. Concerns have also been raised about marijuana 
use by breastfeeding mothers. With this clinical report, we provide data on 
the current rates of marijuana use among pregnant and lactating women, 
discuss what is known about the effects of marijuana on fetal development 
and later neurodevelopmental and behavioral outcomes, and address 
implications for education and policy.



abstract



PREGNANCY AND MARIJUANA USE



Epidemiology



Data from 2016 reported in the National Survey on Drug Use and Health 
(NSDUH) revealed that 4.9% of pregnant women 15 through 44 years of 
age reported use of marijuana* in the past month, compared with 11% 
of nonpregnant women in the same age group.1 This was an increase 
from the prior year, 3.4% and 10.3%, respectively. Among 18- through 
25-year-old pregnant women, 8.5% reported past month marijuana use in 
2016, compared with 3.3% of pregnant 26- through 44-year-old women. 



To cite: Ryan SA, Ammerman SD, O’Connor ME, AAP COM-
MITTEE ON SUBSTANCE USE AND PREVENTION, AAP SECTION 
ON BREASTFEEDING. Marijuana Use During Pregnancy and 
Breastfeeding: Implications for Neonatal and Childhood 
Outcomes. Pediatrics. 2018;142(3):e20181889



aDepartment of Pediatrics, Penn State Health Milton S. Hershey Medical 
Center, Hershey, Pennsylvania; bDivision of Adolescent Medicine, 
Department of Pediatrics, Stanford University and Teen Health 
Van, Stanford Children’s Health, Palo Alto, California; cDepartment 
of Pediatrics, School of Medicine, University of Colorado, Aurora, 
Colorado; and dDartmouth-Hitchcock Medical Center, Lebanon, New 
Hampshire



Dr Ammerman helped draft and revise the manuscript and critically 
reviewed the manuscript; Dr Ryan took the lead on drafting the 
manuscript and helped revise and critically reviewed the manuscript; 
Dr O’Connor helped draft and revise the manuscript and critically 
reviewed the manuscript with a focus on the breastfeeding portion; 
and all authors approved the final manuscript as submitted.



This document is copyrighted and is property of the American 
Academy of Pediatrics and its Board of Directors. All authors have 
filed conflict of interest statements with the American Academy 
of Pediatrics. Any conflicts have been resolved through a process 
approved by the Board of Directors. The American Academy of 
Pediatrics has neither solicited nor accepted any commercial 
involvement in the development of the content of this publication.



Clinical reports from the American Academy of Pediatrics benefit from 
expertise and resources of liaisons and internal (AAP) and external 
reviewers. However, clinical reports from the American Academy of 
Pediatrics may not reflect the views of the liaisons or the organizations 
or government agencies that they represent.



The guidance in this report does not indicate an exclusive course of 
treatment or serve as a standard of medical care. Variations, taking 
into account individual circumstances, may be appropriate.
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Guidance for the Clinician in Rendering Pediatric CareCLINICAL REPORT



* For the purposes of this report, the word “marijuana” is used intentionally to denote all 
substances derived from the cannabis plant, in lieu of the word cannabis, even when specifically 
designated as such by cited research to avoid confusion; the exception is when the term 
cannabis is part of a quotation. “Cannabis” is less typically used in most clinical settings and 
currently refers more to commercial products. Using the term marijuana also is consistent with 
many previous publications on this topic.
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Although 2016 data are not available 
for pregnant 15- through 17-year-old 
women, 2012–2013 data revealed 
14.6% reporting use of illicit† drugs 
in the past month. Among these 
illicit substances, marijuana is the 
substance most commonly used by 
pregnant women. Widely variable 
rates are reported among published 
studies in both the United States 
and the United Kingdom. Authors of 
a US multicenter lifestyle study in 
2001 reported a prevalence of δ-9-
tetrahydrocannabinol (THC), the 
psychoactive substance in marijuana, 
in infant meconium samples to be 
7.2%.2 Authors of a 2006 United 
Kingdom–based pilot study found 
that 13.25% of a cohort of Scottish 
newborn infants had meconium 
samples that had positive results 
for tetrahydrocannabinol and/or 
tetrahydrocannabinol-9-carboxylic 
acid.3 In studies of urban, young, and 
socioeconomically disadvantaged 
pregnant women, reported rates  
of marijuana use ranged between 
15% and 28%.4– 6 Using NSDUH data 
from 2002 to 2014, Brown et al7  
reported that the prevalence of 
“past month” marijuana use among 
pregnant women 18 through 44 
years of age increased from 2.37% 
to 3.84%, with the highest use rates 
reported in 18- through 25-year-old 
women (7.47% in 2014). Several 
state-specific surveys have also 
been used to document increasing 
rates of marijuana use among 
pregnant women. The Pregnancy 
Risk Assessment Monitoring 
System (PRAMS), a surveillance 
project of the Centers for Disease 
Control and Prevention and state 
health departments, collects state-
specific, population-based data on 
maternal attitudes and experiences 
before, during, and after pregnancy 
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(available at cdc. gov/ prams). PRAMS 
has conducted surveys on a sample 
of women in Vermont with live 
births since 2001 and has included 
questions about marijuana use 
during pregnancy since 2009.8 In 
2013, 9.4% of women in Vermont 
reported marijuana use during their 
pregnancy, with no significant change 
in rates since 2009. PRAMS data from 
Hawaii revealed that women who 
reported experiencing significant 
nausea during their pregnancy 
reported higher rates of marijuana 
use (3.7%) compared with pregnant 
women without nausea (2.3%).9 The 
2012 NSDUH found that pregnant 
women reported a decrease in their 
marijuana use from 9.0% to 4.8% 
in the first and second trimesters, 
respectively, to 2.4% by the third 
trimester. Reported rates of tobacco 
use during pregnancy decreased 
from 19.9% to 13.4% and to 12.8% in 
the first, second, and third trimesters, 
respectively. Authors of other studies 
have found that 48% to 60% of 
marijuana users report continuing 
use during their entire pregnancy, 
believing it to be safer than 
tobacco.4,  10,  11 In the Longitudinal 
Development and Infancy Study 
from the United Kingdom, Moore 
et al11 found that most pregnant 
women who used cocaine, ecstasy, 
methylenedioxymethamphetamine, 
and other stimulants stopped using 
these substances by the second 
trimester, but 48% of previous 
marijuana users continued to use 
marijuana as well as alcohol (64%) 
and tobacco (46%) throughout 
their entire pregnancy. In addition, 
the Longitudinal Development and 
Infancy Study revealed that the 
frequency and amounts of both 
marijuana and tobacco use were 
sustained throughout the entire 
pregnancy, similar to prepregnancy 
levels, whereas the extent of reported 
alcohol use was reduced. PRAMS data 
from Vermont also revealed that for 
2013 births, 44.6% of women who 
reported being marijuana smokers 
before pregnancy continued to use 



marijuana during their pregnancy.8 
In contrast to these studies, Forray 
et al12 found that, of 101 women 
who reported using marijuana at 
the beginning of pregnancy and who 
received substance abuse counseling, 
78% were abstinent at a mean of 151 
days later and remained abstinent 
until delivery.



Mark et al13 demonstrated in a 
retrospective cohort study of urban, 
predominantly African American 
women that, of patients receiving 
prenatal care and delivering at 
their institution, 21.8% initially 
had positive screen results for 
marijuana use (by either self-
report or urine toxicology), but 
only 1.9% had positive urine screen 
results for marijuana at the time of 
delivery. They attributed their high 
rate of cessation of marijuana use 
during pregnancy to be related to 
opportunities for education about 
adverse effects of drug use, including 
tobacco and marijuana, during 
prenatal visits.13



Marijuana use during pregnancy 
has been found to be associated 
with higher rates of licit and 
illicit substance use and certain 
socioeconomic and demographic 
characteristics. For example, in the 
Vermont PRAMS study, researchers 
found that pregnant women who 
reported marijuana use were more 
likely to be younger (<25 years of 
age), to be from households with 
lower income, to smoke cigarettes, 
and to report having experienced 
a significant emotional stressor 
(traumatic, financial, or partner 
related) before or during the 
pregnancy.8 Mark et al13 found that 
use of marijuana was more common 
in women who reported being 
unemployed, without a high school 
diploma, users of either alcohol or 
cigarettes, depressed, or a victim of 
abuse. In the Generation R study in 
the Netherlands, El Marroun et al14  
found in a sample of more than 
7000 pregnant women that 85% 
of marijuana smokers were also 



† The NSDUH defined illicit drug use to  
include marijuana/hashish, cocaine (including 
crack), heroin, hallucinogens, inhalants, or 
prescription-type psychotherapeutics used 
nonmedically.
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cigarette smokers. Schempf and 
Strobino6 found that marijuana use 
was not independently related to 
prenatal care. In their population of 
poor, urban women, lack of adequate 
prenatal care, defined as 1 or no 
prenatal visits, was significantly more 
likely among cocaine and opiate users 
but not marijuana users.6 Reasons 
reported for this correlation with 
cocaine and opiate use included 
fear of being reported to police or 
child protective services and lower 
perceived benefit of prenatal care. 
Emphasized in these studies is 
the importance of considering the 
potential confounding of additional 
demographic and behavioral variables 
when evaluating the independent role 
of marijuana on pregnancy and fetal 
and infant outcomes.15,  16



It is important to note that 
reported marijuana use rates can 
vary depending on the method of 
screening used. Current guidance 
recommends routine screening of all 
pregnant women for substance use 
by way of validated questionnaires or 
conversations with patients.5,  17  
Authors of most studies to date 
have relied predominantly on self-
report, which may have resulted in 
significant underestimation compared 
with questionnaires or objective 
measures using urine screening or 
meconium samples. However, even 
these objective measures will provide 
variable results, depending on the 
chronicity and intensity of use and the 
recency of use related to the time that 
a urine sample is obtained. With the 
increasing number of states legalizing 
marijuana use and with marijuana 
being touted on the Internet as a safe 
treatment of nausea during pregnancy, 
current rates of use of marijuana 
during pregnancy are a concern. 
Health care providers may see 
increases in the number of pregnant 
women using marijuana during at 
least a portion of their pregnancy.18



It is unclear why pregnant women 
are choosing to use marijuana during 



their pregnancy, because there are 
few data available on the benefits 
of marijuana use during pregnancy. 
Roberson et al9 found that women 
reporting marijuana use during 
pregnancy were more likely to 
report experiencing severe nausea 
and vomiting (3.7%) compared with 
those not experiencing these severe 
symptoms (2.7%). In a second study 
of women using marijuana during 
their pregnancy, 51% reported using 
it for relief of nausea and vomiting, 
and 92% of those women reported 
its effectiveness; no controls were 
included in this study.19 Although the 
use of marijuana is being touted on 
social media as an effective and safe 
treatment of nausea and vomiting 
of pregnancy, there are currently 
no indications for its use during 
pregnancy; the American College 
of Obstetricians and Gynecologists 
(ACOG) clearly stated this in its 
Committee Opinion in 2015.5 Of 
note, none of the states with legal 
medicinal marijuana laws list 
pregnancy as a contraindication 
for recommending or dispensing 
medicinal marijuana.18



Pharmacokinetics of Cannabinoids 
During Pregnancy



Marijuana can affect the normal 
transport functions and physiologic 
status of the placenta throughout 
pregnancy.20 One study has 
revealed that short-term exposure 
to cannabidiol, a nonpsychoactive 
substance found in marijuana, 
can enhance the placental barrier 
permeability to pharmacologic 
agents and recreational substances, 
potentially placing the fetus at risk 
from these agents or drugs.21 El 
Marroun et al22 found that marijuana 
use during pregnancy, as compared 
with either no marijuana use or 
tobacco use, results in increased 
resistance index and pulsatility index 
of the uterine artery, with resulting 
potential effects on uterine blood 
flow, such as increased placental 
resistance and reduced placental 
circulation.



Studies that have been used to assess 
the ability of metabolites of drugs 
of abuse, including marijuana, to 
cross the placenta are not recent 
and have revealed that recreational 
and licit substances directly cross 
the placenta, either through passive 
diffusion or, less commonly, through 
active transport or pinocytosis.23 
Among the numerous cannabinoids 
present in marijuana, the substance 
most responsible for the psychoactive 
effects, THC, has been shown to readily 
cross the placenta.24 The THC molecule 
is highly lipophilic and is distributed 
rapidly to the brain and fat of the 
fetus after ingestion or inhalation by 
the pregnant woman. After maternal 
ingestion, concentrations of THC 
in fetal blood are approximately 
one-third to one-tenth of maternal 
concentrations.24,  25 These 
concentrations can vary depending 
on the permeability and biological 
capacity of the placenta.26 In addition, 
when marijuana is smoked, serum 
carbon monoxide concentrations 
in the pregnant woman are 5 times 
higher than those when tobacco 
is smoked, resulting potentially in 
impaired maternal respiratory gas 
exchange and subsequent adverse 
effect on the fetus.27 Given these 
known effects of marijuana on the 
placenta and placental transport, it is 
biologically plausible that marijuana 
use during pregnancy could affect 
both maternal and fetal outcomes.



Adverse Effects of Marijuana on 
Pregnancy and on the Neonate, 
Infant, Child, and Adolescent



Outcomes During the Neonatal Period



Two recent systematic reviews and 
meta-analyses have been published 
to determine the independent effect 
of marijuana use during pregnancy 
on both maternal and early neonatal 
outcomes. The first study by Gunn  
et al28 was used to review 24 studies 
to determine the effect of marijuana 
use on maternal anemia; neonatal 
growth parameters, such as birth 
weight, head circumference, and 
length; admission to the NICU; 
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gestational age; and preterm 
birth. They found that women 
who used any marijuana during 
pregnancy had a higher likelihood 
of developing anemia, and infants 
exposed prenatally to marijuana had 
a decrease in birth weight (mean 
difference in weight of 110 g for 
exposed versus unexposed neonates) 
and a higher likelihood of needing 
admission to an NICU. They found 
no relationship between marijuana 
use and any of their other selected 
outcomes. The authors pointed out, 
however, that a major limitation 
of their study was their inability to 
determine the independent effect 
of marijuana, given that most of the 
studies assessed did not exclude 
individuals with polysubstance use, 
including tobacco or alcohol, or 
measure use of those substances. 
The authors also cited additional 
limitations, such as how the use of 
marijuana was identified mainly by 
self-report, and few of the outcomes 
assessed were standardized across 
studies.



Conner et al29 has attempted to 
address the limitations cited in the 
review by Gunn et al28 by adjusting 
the effects of marijuana exposure 
during pregnancy for tobacco use 
and other confounders, such as other 
drug use, wherever possible, in a 
second meta-analysis. Their study 
included the systematic review of 
31 studies (from 1982 to 2015) in 
which they specifically evaluated 
the effect of maternal marijuana use 
on neonatal outcomes that included 
low birth weight (<2500 g), preterm 
delivery (<37 weeks’ gestation), birth 
weight, gestational age at delivery, 
admission to the NICU, small-for-
gestational-age status, stillbirth, 
spontaneous abortion, low Apgar 
scores, placental abruption, and 
perinatal death.29 A major strength 
of this review was the inclusion 
of cohort studies used to measure 
use of other substances, such as 
tobacco and other recreational 
drugs, and socioeconomic and 



demographic factors to control for 
these confounders and determine 
the independent role of marijuana 
use. Exposure to marijuana was 
defined as any amount, frequency, 
or duration during the pregnancy, 
assessed through self-report or 
objective means when available; 
comparison groups were women who 
did not use any marijuana during 
their pregnancy. When analyses 
controlled for concomitant tobacco 
use, women who smoked marijuana 
only were not at risk for preterm 
delivery, but those who smoked 
both tobacco and marijuana did 
experience higher rates of preterm 
delivery compared with those not 
using either marijuana or tobacco. 
They also found no independent 
relationship between marijuana use 
and small-for-gestational-age status, 
placental abruption, need for NICU 
admission, or spontaneous abortion. 
They did find that women using 
marijuana during pregnancy were 
more likely to deliver an infant with 
lower mean birth weight or lower 
Apgar scores and to experience 
stillbirth, but these results were 
unadjusted, because the authors 
were limited in their analytic ability 
to provide adjusted relative risk rates 
for these outcomes. They concluded 
that maternal marijuana use during 
pregnancy was not an independent 
risk factor for several outcomes, 
given the confounding effect with 
factors such as tobacco use. They 
stated that the “increasing frequency 
of marijuana use during pregnancy 
may play a role in risk for adverse 
neonatal outcomes” but cautioned 
that “women who use marijuana 
more frequently are also more likely 
to use higher amounts of tobacco 
and other drugs, ” which could not 
be accounted for completely in their 
review.



Both systematic reviews included 
longitudinal cohort studies used 
to provide data that are mixed in 
terms of adverse outcomes in infants 
exposed to prenatal marijuana during 



pregnancy. These include the Ottawa 
Prenatal Prospective Study (OPPS), a 
longitudinal cohort study of low-risk, 
white, predominantly middle-class 
families30,  31; the Maternal Health 
Practices and Child Development 
Study (MHPCD), a cohort study of 
high-risk, low socioeconomic–status 
women, representing both white 
and African American women32; the 
Generation R study, a population-
based study from the Netherlands14; 
and the United Kingdom–based Avon 
Longitudinal Study of Pregnancy 
and Childhood.33 Researchers of 
the OPPS and the MHPCD found no 
independent relationship between 
prenatal marijuana use and preterm 
births, miscarriages, pregnancy 
complications, or Apgar scores or 
physical anomalies in the neonates, 
but researchers of the OPPS did find 
a decrease in the length of gestation 
by 0.8 weeks associated with heavy 
marijuana use.34,  35 Researchers of 
the MPHCD study found that weight 
at birth was increased for neonates 
prenatally exposed to marijuana in 
the third trimester of pregnancy.35 
In the Generation R study, fetal 
growth was measured by using 
ultrasonography, and the researchers 
found an independent effect of 
marijuana use, over and above the 
effect observed with concomitant 
tobacco use, on decreased fetal 
growth that was observed beginning 
in the second trimester and resulted 
in lower birth weight, specifically 
when marijuana use was begun 
early in pregnancy and continued 
throughout the entire pregnancy.14 
The Generation R study was also 
used to assess the role of paternal 
marijuana use, and no independent 
association with fetal growth was 
found. In the Avon Longitudinal 
Study, Fergusson et al33 found 
an association between prenatal 
marijuana use and smaller birth 
lengths, smaller head circumferences, 
and lower birth weights among those 
reporting marijuana use in pregnancy, 
compared with women in the control 
group who did not report use.
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Authors of another recent large, 
population-based cohort study found 
that self-reported marijuana use, 
without concomitant use of nicotine 
and/or tobacco, was not associated 
with pregnancy complications, 
preterm birth, or changes in 
neonatal outcomes such as Apgar 
scores and growth parameters.36 
However, concomitant use of both 
marijuana and tobacco, compared 
with tobacco use alone, resulted in 
an increased risk of multiple adverse 
perinatal outcomes, higher rates of 
maternal asthma and preeclampsia, 
preterm births, and infants with 
decreased (<25th percentile) head 
circumferences and decreased (<25th 
percentile) birth weights. Less than 1% 
of the total sample of 12 069 women  
reported use of marijuana, which raises 
concerns about the representativeness 
of the sample or validity of self-
reported use of substances.



A small number of studies have been 
used to assess the role of marijuana 
in outcomes not addressed in the 
2 systematic reviews above, such 
as outcomes in preterm infants, 
neonatal behavioral outcomes, 
and fetal anomalies. Dotters-Katz 
et al37 published a secondary data 
analysis on a group of preterm 
infants born before 35 weeks’ 
gestation comparing the neonatal 
outcomes of those with prenatal 
marijuana exposure by maternal 
report or drug screening (n = 138) 
versus infants with no marijuana 
exposure (n = 1732). They found 
that prenatal marijuana exposure 
had no detrimental effect on death 
before hospital discharge, grade 3 
or 4 intraventricular hemorrhage, 
periventricular leukomalacia, 
necrotizing enterocolitis, 
bronchopulmonary dysplasia, 
cerebral palsy, and/or a Bayley 
Scales of Infant Development–II <70 
at 2 years of age.37 van Gelder et al38 
found a higher rate of anencephaly 
in fetuses of women who smoked 
marijuana immediately before 
and during the first trimester of 



pregnancy, although the authors did 
not control for whether these women 
took supplemental folic acid during 
early pregnancy. Immediate newborn 
behaviors that have been observed 
in those infants who were exposed 
to marijuana in utero include altered 
arousal patterns, regulation, and 
excitability, as measured by the  
NICU Network Neurobehavioral  
Scale.39 Increased tremors and 
prolonged and exaggerated startle 
reflexes, as measured by the Neonatal 
Behavioral Assessment Scale, were 
observed in the first week and  
persisted at 9 and 30 days of life.40 
Poor habituation and responses to 
visual but not auditory stimuli, 41  
abnormal high-pitched cries, 42 
and abnormal sleep patterns with 
decreased quiet sleep and increased 
sleep motility43 have also been noted 
in the first week of life. A study by 
Dreher et al44 of Jamaican infants 
exposed to marijuana prenatally 
did not reveal any abnormalities. 
Although researchers have suggested 
that these behaviors share some 
similarities with symptoms observed 
in the neonatal abstinence syndrome 
as well as with opioid withdrawal, 
there are no data being used now 
to support a clinical withdrawal 
syndrome with marijuana exposure.



In summary, the evidence for 
independent, adverse effects of 
marijuana on human neonatal 
outcomes and prenatal development 
is limited, and inconsistency in 
findings may be the result of the 
potential confounding caused by the 
high correlation between marijuana 
use and use of other substances such 
as cigarettes and alcohol, as well 
as sociodemographic risk factors. 
However, the evidence from the 
available research studies indicate 
reason for concern, particularly in fetal 
growth and early neonatal behaviors.



Later Effects During Childhood, 
Adolescence, and Early Adulthood



Two longitudinal studies (the OPPS 
and the MHPCD, which have been 



described in the previous section) 
have been used to observe cohorts 
of prenatally exposed individuals 
from infancy through adolescence 
and early adulthood, and these 
provide most of the limited available 
evidence on the long-term adverse 
neurodevelopmental effects 
resulting from prenatal exposure 
to marijuana.30,  32 Authors of both 
studies have assessed long-term 
outcomes in the areas of executive 
function, cognition, academic 
achievement, and behavior.



Researchers of OPPS have observed 
its cohort since 1978 (original total 
of 84 pregnant women who use 
marijuana) and have demonstrated 
that, independent of tobacco and 
other drugs, marijuana exposure has 
significant and pervasive effects that 
are noticeable in children beginning 
at 4 years of age and continuing into 
young adulthood. Initial observable 
effects at 4 years of age included 
lower scores in verbal reasoning 
and memory tasks.45 At 6 years of 
age, children exposed to marijuana, 
compared with nonexposed children 
in the control group, showed 
deficits in global measures of 
language comprehension, memory, 
visual and/or perceptual function, 
and reading tasks that require 
sustained attention, with a dose 
response observed, in that those 
exposed to higher amounts of 
marijuana prenatally demonstrated 
higher dysfunction on impulsive 
and hyperactive scales.46 – 48 At 9 
through 12 years of age, marijuana 
exposure was not independently 
associated with global intelligence 
or verbal subscales on intelligence 
testing but was associated with 
deficits in executive function tasks, 
such as impulse control and visual 
problem-solving.49 – 52 At 13 through 
16 years of age, problems were 
seen in attention, problem-solving, 
visual integration, and analytic skills 
requiring sustained attention.51, 53 – 55 
A functional MRI study of this cohort 
at ages 18 through 22 years revealed 
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changes in neural activity with 
working memory tasks that were 
not observed in unexposed matched 
children in the control group.56 
Fried et al have postulated that the 
behavioral problems and decreased 
performance on global measures 
observed throughout childhood and 
into early adulthood reflect deficits 
in executive functioning, not overall 
intelligence.31, 54,  57,  58



Researchers of the MHPCD have 
observed a cohort of exposed 
infants since 1982 to determine the 
independent effects of marijuana on 
cognition, behavior, temperament, 
mental health disorders, and 
substance use from infancy through 
adolescence and early adulthood. 
At 9 months of age, impaired mental 
development was seen.59 At 3, 4, and 
6 years of age, deficits in executive 
function tasks similar to those 
observed in the OPPS, with poorer 
memory and verbal measures were 
found60,  61; at 6 years of age, impaired 
sustained attention on vigilance tasks 
and verbal reasoning and increased 
impulsivity and hyperactivity 
was observed with those exposed 
during the first trimester whose 
mothers smoked at least 1 joint per 
day.61 Adverse consequences in 
later childhood included impaired 
executive functioning and visual 
problem-solving at 9 through 12 years 
of age and increased hyperactivity, 
impulsivity, and inattention at 10 
years of age for those whose mothers 
had smoked marijuana during both 
the first and third trimesters.62 Unlike 
the OPPS, whose authors did not find 
deficits in intellectual abilities and 
on measurements of standardized 
academic tests at ages 6 through 9 
or 13 through 16 years, authors of 
the MHPCD did find lower reading 
and spelling scores in 10-year-old 
children whose mothers reported 
smoking at least 1 joint per day during 
the first trimester of pregnancy and 
deficits in reading comprehension 
and underachievement, as measured 
by the Wide Range Achievement 



Test–Revised, with mothers who 
reported smoking marijuana during 
the second trimester.62 Lower global 
achievement, reading, spelling, 
and math scores were also seen 
at 14 years of age.63 Measures of 
problem behaviors and mental health 
symptoms were also reported in 
both cohort studies. The authors 
of the OPPS found higher rates of 
reported problem behaviors at 6 
through 9 years of age64 and higher 
rates of depressive symptoms at 16 
through 21 years of age.65 Authors 
of the MHPCD also found higher 
rates of depressive symptoms and 
externalizing behaviors via parent 
and teacher report in the exposed 
cohort at 10 years of age and an 
increased risk of psychosis in young 
adults.66,  67 Higher rates of substance 
use were also reported by these 2 
cohort studies. Authors of the OPPS 
found earlier onset and greater use 
of both marijuana and tobacco in the 
exposed cohorts, observed at ages 
16 through 21 years, 65 and authors 
of the MHPCD found higher rates of 
marijuana and tobacco use across the 
ages of 14 through 21 years, even after 
controlling for home environment 
and parental substance use.66,  68 
Sonon et al69 have also demonstrated 
higher rates of marijuana use in young 
adulthood after prenatal exposure to 
marijuana.



In summary, it is essential to note 
that the studies discussed above have 
limitations that may threaten the 
validity of the findings. For example, 
the studies in which authors look 
at proximal results, such as fetal or 
early neonatal outcomes, rely in most 
part on self-report of marijuana use, 
and there is little standardization 
across studies in the amount of 
marijuana used and frequency of 
use. Many of these studies included 
pregnant women who used other 
substances in addition to marijuana, 
such as tobacco, alcohol, or other 
drugs, and analytic methods were 
used to control for the confounding 
effects of these other substances. 



For more distal outcomes, such 
as later childhood and adolescent 
cognition and behavior, studies were 
limited in the environmental and 
sociodemographic variables that the 
authors could control, which could be 
expected to influence development  
across childhood and adolescence.70,  71  
Despite these limitations and the 
relative paucity of research in this 
area, the findings regarding growth 
variables72 and neurodevelopmental 
and behavioral outcomes can be used 
to suggest that marijuana use during 
pregnancy may not be harmless. In 
addition, the existing cohort studies 
were conducted when the available 
marijuana had a much lower potency 
than what is available today, which 
raises concern that the adverse 
consequences of prenatal exposure 
in currently pregnant women may 
be much greater than what has 
been reported to date.18 (See the 
“Other Considerations” section for 
discussion on potency.) Rigorous 
research is needed to determine the 
independent effects of marijuana, 
as well as tobacco and other drugs, 
on neonatal and later childhood and 
adult outcomes.



Mechanisms Used to Explain 
Underlying Effects on the Developing 
Fetus



Cannabinoids mediate their 
effects through the cannabinoid 
receptors, type 1 and 2. The 
endocannabinoid system (ECS) 
comprises these receptors, 
along with the neurochemical 
cannabinoids anandamide and 
2-arachidonoylglycerol. This has 
been studied in both animal as well 
as human models, specifically for 
its effect on the immune system 
and the central nervous system.23 
Although the consequences of 
prenatal marijuana exposure in 
pregnant women, both behavioral 
and developmental, have been 
documented in epidemiological 
studies, the molecular mechanisms 
that are postulated to be associated 
with these effects of prenatal 
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drug exposure are only now being 
elucidated. The ECS is detectable 
from the early stages of embryonic 
development (as early as 5 weeks’ 
gestation) and has been found to 
play an essential role in the early 
stages of neuronal development 
and cell survival.73 Researchers 
of new data elucidate how this 
system is involved in the control of 
neuronal developmental processes 
such as cell proliferation, migration, 
and differentiation; thus, it is 
not surprising that cannabinoid 
exposure during early developmental 
stages can result in the long-term 
neurobehavioral consequences 
described previously.



Although authors of early studies 
relied on animal models, authors of 
recent studies conducted on electively 
aborted fetuses have provided 
specific human data, which have been 
used to support findings observed 
with animal models. Tortoriello et al20 
have used sophisticated quantitative 
and qualitative molecular analyses 
and pharmacologic methods to 
study human fetuses electively 
aborted during the second trimester, 
in both pregnant women who 
smoked marijuana and pregnant 
women in a control group who did 
not use marijuana.19 They found 
that in fetuses exposed prenatally 
to marijuana, levels of molecular 
substances essential for neuronal 
cell axonal elongation (SCG10) are 
significantly reduced, which affects 
the disassembly of microtubules 
essential for axonal elongation 
and the “pathfinding” essential 
for the development of normal 
neuronal circuitry during early brain 
development. THC acts as a partial 
agonist and binds to the cannabinoid 
receptors (CB1) during fetal 
development by reducing endogenous 
endocannabinoid synthesis 
(especially 2-arachidonoylglycerol) 
and subsequent CB1 expression. This 
results in a functional “hijacking” 
or supraphysiological modulation 
of the normal ECS during early 



fetal brain development. The result 
is a disruption of the precisely 
orchestrated signaling and 
sequencing functions of the ECS, 
affected by the CB1 receptors, and 
mediated through the excessive 
degradation of the intracellular 
substances such as SCG10 and JNK1.74 
Researchers have also found that 
unlike the adult brain, in which CB1 
receptors are widely distributed 
throughout most areas of the brain, 
in the fetus, CB1 receptors are found 
primarily in the mesocorticolimbic 
structures such as the amygdaloid 
complex, the hippocampus, and the 
ventral striatum, all areas that are 
important for emotional regulation, 
cognition, and memory.75 Researchers 
have also found that male fetuses may 
have a greater vulnerability to early 
developmental effects of prenatal 
marijuana exposure.65,  76 It is still 
unclear to what extent this disruption 
or alteration of developmental 
synaptic organization is responsible 
for early neonatal birth effects, 
longer-term neurodevelopmental 
effects, or increased vulnerability 
of later teenagers and adults for 
addiction or psychiatric illness. 
With the limited data, it is suggested 
that the neuronal systems involved 
in early development need to be 
studied further for us to understand 
more fully the molecular mechanism 
underlying the effects of maternal 
marijuana on the human fetal 
brain and specifically for those 
systems involved in neurocognition, 
impulsivity, and addiction 
vulnerability.76



Epigenetic mechanisms are also 
being proposed as one of the 
explanations for the consequences 
of prenatal marijuana exposure 
on fetal neurodevelopment and to 
explain why adolescents and adults 
who have been exposed to marijuana 
prenatally demonstrate an increased 
vulnerability to later addiction and 
psychiatric disorders.77 Epigenetics 
refers to the mechanism by which 
gene expression is altered without 



changes to the genetic code that 
occur after the genetic makeup 
of the individual is determined, 
either prenatally or postnatally. 
These genetic alterations include 
microRNAs, DNA methylation, and 
posttranslational modifications 
of nucleosomal histones.77 They 
are stable alterations that occur 
during critical developmental 
periods and result in enduring 
phenotypical abnormalities.77 For 
example, researchers have found that 
marijuana exposure in early fetal life 
decreases the expression of genes 
(through histone lysine methylation) 
for dopamine receptors (DRD2) in 
those areas of the brain important 
for reward recognition (ventral 
striatum, nucleus accumbens), 
which may explain higher rates of 
drug addiction in adults exposed 
prenatally to marijuana.78 THC 
also causes substantial changes in 
gene expression levels of several 
other significant systems in the 
brain that are linked to the ECS, 
such as the opioid, glutamate, and 
γ-aminobutyric acid systems, which 
may persist well into adulthood.79



Linkages of the ECS to Other 
Neurotransmitter Systems



The ECS has been found to have a 
strong interaction with the opioid 
systems, through the μ, δ, and κ 
opioid receptors, 80 Jutras-Aswad  
et al79 have found that early 
marijuana exposure influenced the 
expression and activity of opioid 
receptors that have been found to be 
important in reward and subsequent 
addictive behaviors. The ECS has also 
been found to be associated with the 
serotonergic, adrenergic, glutamate, 
and γ-aminobutyric acid systems.78



Issues for the Clinician



The American Academy of 
Pediatrics (AAP), the ACOG, and 
the American Society of Addiction 
Medicine recommend that all 
women considering pregnancy, 
pregnant women throughout their 
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pregnancy, and those attending 
predelivery pediatric visits be 
screened routinely for alcohol and 
other drug use, including marijuana, 
by using a validated screening 
questionnaire.17,  81 Screening and 
brief intervention techniques are 
recommended to counsel abstinence 
for individuals using substances 
and to refer for treatment those 
individuals meeting criteria for 
any substance use disorder.81 
Despite these recommendations, in 
1 study, Holland et al82 found that 
of the 19% of women reporting 
current marijuana use (53%) or 
past marijuana use at their initial 
prenatal visit, only 52% received any 
kind of counseling. In addition, the 
counseling that was provided was 
focused mainly on legal and child 
protective consequences of detection 
at delivery, rather than specific 
medical or health effects of marijuana 
use. In July 2015, the ACOG published 
a position statement that was 
specifically used to advise against 
the “prescribing or suggesting the 
use of marijuana for medicinal 
purposes during preconception, 
pregnancy and lactation.”5 Most 
states that have legalized medicinal 
marijuana have not specifically 
limited its dispensing to pregnant 
women. Oregon is the only state that 
has legislated specific point-of-sale 
warnings to dispensaries for women 
who are pregnant or breastfeeding.83 
It is beyond the scope of this 
report to discuss specific validated 
questionnaires that are available 
or various means for objective 
screening.



Health care providers are mandated 
to report to child protective services 
any cases of suspected child abuse 
or neglect. The 2010 Child Abuse 
and Prevention and Treatment Act 
requires all states to have policies 
and procedures for reporting 
newborns and other children who 
are exposed to illicit substances 
under the definition of child abuse 
and/or neglect. Because marijuana is 



still an illicit substance under federal 
law, this law applies to marijuana 
exposure in all states regardless of 
the legal status of marijuana use by 
adults in each state. Individual states 
may have other requirements for the 
reporting of newborn infants exposed 
to drugs and other exposures to 
children.84



Given these legal requirements, 
it is advisable for all health care 
providers who see pregnant women 
to be aware of the specific reporting 
requirements of their state and 
the potential adverse legal and 
social consequences of identifying 
substance use in their patients. When 
a legal or medical obligation exists 
for a health care provider to test a 
patient, he or she should counsel 
patients about these potential 
consequences before ordering drug 
tests and make a reasonable effort 
to obtain informed consent.5 Of 
note, in states with requirements 
for the reporting of newborn infants 
exposed to drugs, these supersede 
federal law on confidential protection 
of patient records when receiving 
addiction treatment (42 Code of 
Federal Regulations Part 2).81



BREASTFEEDING AND MARIJUANA USE



Breastfeeding is recognized as the 
ideal feeding method for infants 
because of the numerous short-
term and long-term benefits of 
breastfeeding for the mother and the 
infant. These benefits include but are 
not limited to decreased infections, 
such as gastroenteritis, ear infections, 
and severe respiratory diseases; 
decreased obesity and diabetes 
mellitus; decreased rate of sudden 
infant death syndrome; improved 
intellectual development; decreased 
postpartum blood loss; increased 
child spacing; and decreased risk 
of type 2 diabetes mellitus for the 
mother.85



When pregnant mothers take 
medications prescribed or 



recreationally, the benefits of 
breastfeeding must be weighed 
against the effects of the drug on 
the infant to make a decision that 
is in the infant’s and mother’s best 
interests. Many medications that 
mothers use while breastfeeding are 
also taken during pregnancy. It can 
be difficult to determine whether 
effects of the drug on the infant are 
attributable to exposure during 
pregnancy or from breastfeeding. 
Additionally, a mother’s ability to 
care for her infant may be impaired 
because of her use of marijuana. 
Infants can also be exposed to 
marijuana through inhalation of 
marijuana smoked in the presence of 
the infant.86,  87



Epidemiology



There are few data about the 
frequency of use of marijuana by 
women while breastfeeding. A report 
from Colorado, where marijuana 
is legal for some, surveyed women 
attending the Special Supplemental 
Nutrition Program for Women, 
Infants, and Children program 
in the state’s largest local health 
department. It revealed that 7.4% of 
mothers younger than 30 years of 
age and 4% of mothers older than 30 
years of age were current marijuana 
users. Of all marijuana users (past, 
ever, current), 35.8% said that 
they had used at some point during 
pregnancy, 41% had used since the 
infant was born, and 18% had used 
while breastfeeding.88



Pharmacokinetics of Marijuana in 
Human Milk



The excretion of medications into 
human milk depends on chemical 
factors about the drug, including 
ionization, the molecular weight, 
the solubility in lipids and water, 
and the pH of the drug. The major 
psychoactive cannabinoid of 
marijuana, THC, is 99% protein 
bound, is lipid soluble, and has a 
molecular weight of 314.89 The 
low molecular weight and high 
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lipid solubility combine to cause 
marijuana transfer into human 
milk. It also causes storage of THC 
in lipid-filled tissues such as the 
brain. Little is known about the 
other cannabinoids in marijuana 
and their transfer into human 
milk. There are few data about the 
transfer of THC into human milk. 
With Table 1, we list the results from 
the only 2 primary references about 
concentrations of THC in human milk. 
These limited data by Perez-Reyes 
and Wall90 and Marchei et al91 reveal 
that THC transfers into human milk. 
There is no information about how 
the amount transferred is related 
to the concentration of THC in the 
marijuana, the frequency of use, 
or the concentration in maternal 
plasma.



The Effect of Marijuana on Breastfed 
Infants



There are 2 small studies by Tennes 
et al92 and Astley and Little93 from 
the 1980s in which the authors 
attempt to evaluate the effect of 
maternal marijuana use while 
breastfeeding on the infant. Both 
studies included mothers who 
also used alcohol, other drugs, and 
tobacco. Tennes et al92 studied 
258 mothers using marijuana and 
compared them to mothers who did 
not use marijuana. They examined 
the infants at 24 to 72 hours of age 
and a subgroup at 1 year of age.  
They found the following results:  
(1) marijuana users were more likely 
to use illicit drugs and alcohol with 
a significant linear dose-response 
relationship between the use of 
marijuana and alcohol (R = 0.45; 
P < .01); (2) infants exposed to 
marijuana were slightly shorter; 
(3) most mothers decreased use of 
marijuana during pregnancy; and 
(4) no differences were noted in the 
1-year growth and scores on the 
Bayley Scales of Infant Development; 
however, only 27 of the infants tested 
at 1 year were exposed to marijuana 
while being breastfed. These results 
are limited by the small number 



of infants exposed to marijuana 
through breastfeeding, self-selection 
of mothers who participated in 
the 1-year follow-up, and lack of 
control for use of other substances, 
particularly alcohol.92



Astley and Little93 studied diet, 
alcohol, and tobacco use during 
lactation in a group of middle-class 
mothers. Developmental evaluation 
at 1 year was completed on 68 infants 
whose mothers used marijuana while 
breastfeeding who were matched 
with mothers with similar alcohol 
and tobacco use who did not use 
marijuana while breastfeeding. Of 
the breastfeeding mothers, 79% 
reported marijuana use while 
pregnant, compared with 15% of 
mothers of infants who were fed 
formula. In multivariate regression 
analysis, the infant’s exposure to 
marijuana during breastfeeding in 
the first month was associated with 
14 ± 5 points decrease in motor 
scores after controlling for tobacco, 
alcohol, and cocaine use during 
pregnancy and lactation. There was 
no effect of marijuana use in the third 
month of life while breastfeeding. 
Marijuana use in the first trimester 
of pregnancy confounded these 
results, and it was not clear whether 
exposure prenatally or during 
breastfeeding had more association. 
The studies by Tennes et al92 and 
Astley and Little93 had small sample 
sizes, were completed more than 30 
years ago, were associated with use 
of marijuana during the mother’s 
pregnancy, and had no long-term 
follow-up. These limitations make 
it difficult to separate independent 
effects of marijuana use during 



breastfeeding from prenatal 
exposure.



Another area of concern is the use of 
expressed maternal milk for feeding 
preterm infants when the mother has 
reported marijuana use or receives 
positive test results for marijuana. 
Expressed maternal milk has been 
shown to significantly improve 
outcomes in preterm infants by 
decreasing the rate of necrotizing 
enterocolitis (both surgical and 
nonsurgical), contributing to earlier 
attainment of full enteral feeds, 
decreasing the rate of sepsis, and 
improving neurodevelopmental 
outcomes, especially for the preterm 
infants with a birth weight of less 
than 1500 g.85



Published Recommendations From 
Other Organizations



The 2012 AAP policy statement, 
“Breastfeeding and the Use of 
Human Milk, ” included the following 
guidance: “maternal substance abuse 
is not a categorical contraindication 
to breastfeeding.” “Street drugs such 
as PCP (phencyclidine), cocaine, and 
cannabis can be detected in human 
milk, and their use by breastfeeding 
mothers is of concern, particularly 
regarding the infant’s long-term 
neurobehavioral development  
and thus are contraindicated.” 85 
Although this has been interpreted 
by some professional organizations 
to indicate that in the parent  
using marijuana, the choice to 
breastfeed is “contraindicated, ”  
this was not the intent of that 
statement. It is suggested instead 
that the mother be encouraged to 
breastfeed while, at the same time, 



PEDIATRICS Volume 142, number 3, September 2018 9



TABLE 1  Primary Sources for the Concentrations of THC Transmission Into Human Milk



Mother Maternal Marijuana Dose Amount of THC in Maternal 
Plasma



Amount of THC in Human Milk



A91 Smoked in pipe 1 time per 
day



— 105 ng/mL



B91 Smoked in pipe 7 times 
per day



7.2 ng/mL 60.3 ng/mL



C90 No information — 86 ng/mL



—, not applicable.
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it is strongly encouraged that she 
abstain completely from using 
marijuana as well as other drugs, 
alcohol, and tobacco. This position 
has been supported by several other 
professional organizations and 
resources. For example, LactMed 
(a free searchable database from 
the National Library of Medicine) 
recommends that mothers be 
encouraged to abstain from or 
reduce their marijuana use while 
breastfeeding and to minimize 
infant exposure to marijuana smoke. 
The LactMed peer review panel, 
which reviews published data 
to ensure scientific validity and 
currency, recommends continuing 
breastfeeding.86 This is similar to 
the recommendations of the ACOG, 
which state, “There are insufficient 
data to evaluate the effects of 
marijuana use on infants during 
lactation and breastfeeding, and in 
the absence of such data, marijuana 
use is discouraged.” 5 The Academy 
of Breastfeeding Medicine states “A 
recommendation of abstaining from 
any marijuana use is warranted. At 
this time, although the data are not 
strong enough to recommend not 
breastfeeding with any marijuana 
use, we urge caution.” 94 After 
Colorado legalized the use of 
marijuana by adults ≥21 years old, 
the Colorado Department of Public 
Health and Environment developed 
educational material about marijuana 
use during pregnancy and while 
breastfeeding. These materials 
include patient education handouts 
that may be helpful to pediatricians 
and families and are available at the 
following link: www. colorado. gov/ 
pacific/ sites/ default/ files/ MJ_ RMEP_ 
Pregnancy- Breastfeeding- Clinical- 
Guidelines. pdf. Other states that have 
legalized marijuana may have similar 
educational information for health 
care providers and families.



OTHER CONSIDERATIONS



The potency of marijuana now 
routinely available is much higher 



than what was available a decade 
ago. The potency of THC in samples 
studied in 1983 averaged 3.2%, and 
the average in 2008 was 13.2%; the 
authors of that same study identified 
isolated samples with THC contents 
as high as 27.3% and 37.2%.95 These 
higher potencies as well as new 
practices of marijuana use, such as 
dabbing or vaping, can significantly 
increase the concentration of THC 
being consumed. Studies have 
revealed that the development 
of marijuana strains with higher 
THC concentrations has reduced 
the concentration of cannabidiol, 
possibly decreasing the medicinal 
benefits for a select number of 
conditions. There are many other 
substances contained in the 
marijuana plant in addition to THC 
and cannabidiol about which little 
is known. Additionally, marijuana 
is often grown with the use of 
pesticides, herbicides, rodenticides, 
and fertilizers, many of which are 
toxic.96,  97 Exposure to marijuana may 
also expose the fetus and infant to 
these toxins.



CONCLUSIONS AND 
RECOMMENDATIONS



Pediatricians are in a unique position 
to counsel women of childbearing 
age about the potential negative 
consequences of marijuana use 
during pregnancy and breastfeeding. 
Discussing what is known 
about adverse consequences of 
marijuana use during pregnancy 
and breastfeeding at prenatal visits 
with either the pediatrician or the 
obstetric provider is an important 
component of promoting the best 
health outcomes for both the 
pregnant woman and the infant. 
Legalization of marijuana may give 
the false impression that marijuana 
is safe. Given ethical concerns, there 
are no randomized controlled trials 
on the effect of marijuana use by 
pregnant and lactating women, and 
the available longitudinal studies 
must be viewed with caution 



given the potential confounding 
of the effect of marijuana during 
pregnancy by other licit and illicit 
substances and sociodemographic 
and environmental risks factors. 
However, highlighted in the 
available epidemiological and 
animal data are concerns regarding 
both short-term growth and long-
term neurodevelopmental and 
behavioral consequences of prenatal 
exposure to marijuana. Our current 
understanding of the ECS and its 
role in the development of neural 
circuitry early in fetal life also 
provides “theoretical justification” 
for the potential of marijuana 
substances, particularly THC, to affect 
neurodevelopment.18



Breastfeeding has numerous valuable 
health benefits for the mother and 
the infant, particularly the preterm 
infant. Limited data reveal that THC 
does transfer into human milk, and 
there is no evidence for the safety 
or harm of marijuana use during 
lactation. Therefore, women also 
need to be counseled about what is 
known about the adverse effects of 
THC on brain development during 
early infancy, when brain growth and 
development are rapid.



The importance of the published 
findings and the emerging research 
regarding the potential negative 
effects of marijuana on brain 
development are a cause for concern 
despite the limited research and 
are the basis for the following 
recommendations:



1. Women who are considering 
becoming pregnant or who 
are of reproductive age need 
to be informed about the lack 
of definitive research and 
counseled about the current 
concerns regarding potential 
adverse effects of THC use 
on the woman and on fetal, 
infant, and child development. 
Marijuana can be included as 
part of a discussion about the 
use of tobacco, alcohol, and other 
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drugs and medications during 
pregnancy.



2. As part of routine anticipatory 
guidance and in addition to 
contraception counseling, 
it is important to advise all 
adolescents and young women 
that if they become pregnant, 
marijuana should not be used 
during pregnancy.



3. Pregnant women who are using 
marijuana or other cannabinoid-
containing products to treat a 
medical condition or to treat 
nausea and vomiting during 
pregnancy should be counseled 
about the lack of safety data and 
the possible adverse effects of 
THC in these products on the 
developing fetus and referred 
to their health care provider for 
alternative treatments that have 
better pregnancy-specific safety 
data.



4. Women of reproductive age 
who are pregnant or planning 
to become pregnant and are 
identified through universal 
screening as using marijuana 
should be counseled and, as 
clinically indicated, receive brief 
intervention and be referred to 
treatment.



5. Although marijuana is legal 
in some states, pregnant 
women who use marijuana 
can be subject to child welfare 
investigations if they have a 
positive marijuana screen result. 
Health care providers should 
emphasize that the purpose of 
screening is to allow treatment 
of the woman’s substance use, 
not to punish or prosecute her.



6. Present data are insufficient to 
assess the effects of exposure of 
infants to maternal marijuana 
use during breastfeeding. As 
a result, maternal marijuana 
use while breastfeeding is 
discouraged. Because the 
potential risks of infant exposure 
to marijuana metabolites are 



unknown, women should be 
informed of the potential risk 
of exposure during lactation 
and encouraged to abstain from 
using any marijuana products 
while breastfeeding.



7. Pregnant or breastfeeding 
women should be cautioned 
about infant exposure to 
smoke from marijuana in the 
environment, given emerging 
data on the effects of passive 
marijuana smoke.



8. Women who have become 
abstinent from previous 
marijuana use should be 
encouraged to remain 
abstinent while pregnant and 
breastfeeding.



9. Further research regarding 
the use of and effects of 
marijuana during pregnancy and 
breastfeeding is needed.



10. Pediatricians are urged to 
work with their state and/
or local health departments 
if legalization of marijuana 
is being considered or has 
occurred in their state to help 
with constructive, nonpunitive 
policy and education for 
families.



RESOURCES



Additional resources include the 
AAP Resources on Marijuana (www. 
aap/ marijuana), the AAP Section 
on Breastfeeding (www. aap. org/ 
breastfeeding), the Academy of 
Breastfeeding Medicine (www. bfmed. 
org), the ACOG (www. acog. org/ 
About- ACOG/ ACOG- Departments/ 
Breastfeeding), and LactMed (toxnet. 
nlm. nih. gov/ newtoxnet/ lactmed. htm).
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Association Between Self-reported Prenatal Cannabis Use
and Maternal, Perinatal, and Neonatal Outcomes
Daniel J. Corsi, PhD; Laura Walsh, MSc; Deborah Weiss, PhD; Helen Hsu, MD; Darine El-Chaar, MD;
Steven Hawken, PhD; Deshayne B. Fell, PhD; Mark Walker, MD



IMPORTANCE Recent evidence suggests that cannabis use during pregnancy is increasing,
although population-based data about perinatal outcomes following in utero exposure
remain limited.



OBJECTIVE To assess whether there are associations between self-reported prenatal
cannabis use and adverse maternal and perinatal outcomes.



DESIGN, SETTING, AND PARTICIPANTS Population-based retrospective cohort study covering
live births and stillbirths among women aged 15 years and older in Ontario, Canada, between
April 2012 and December 2017.



EXPOSURES Self-reported cannabis exposure in pregnancy was ascertained through routine
perinatal care.



MAIN OUTCOMES AND MEASURES The primary outcome was preterm birth before 37 weeks’
gestation. Indicators were defined for birth occurring at 34 to 36 6/7 weeks’ gestation (late
preterm), 32 to 33 6/7 weeks’ gestation, 28 to 31 6/7 weeks’ gestation, and less than 28
weeks’ gestation (very preterm birth). Ten secondary outcomes were examined including
small for gestational age, placental abruption, transfer to neonatal intensive care, and
5-minute Apgar score. Coarsened exact matching techniques and Poisson regression models
were used to estimate the risk difference (RD) and relative risk (RR) of outcomes associated
with cannabis exposure and control for confounding.



RESULTS In a cohort of 661 617 women, the mean gestational age was 39.3 weeks and 51% of
infants were male. Mothers had a mean age of 30.4 years and 9427 (1.4%) reported cannabis
use during pregnancy. Imbalance in measured maternal obstetrical and sociodemographic
characteristics between reported cannabis users and nonusers was attenuated using
matching, yielding a sample of 5639 reported users and 92 873 nonusers. The crude rate of
preterm birth less than 37 weeks’ gestation was 6.1% among women who did not report
cannabis use and 12.0% among those reporting use in the unmatched cohort (RD, 5.88%
[95% CI, 5.22%-6.54%]). In the matched cohort, reported cannabis exposure was
significantly associated with an RD of 2.98% (95% CI, 2.63%-3.34%) and an RR of 1.41 (95%
CI, 1.36-1.47) for preterm birth. Compared with no reported use, cannabis exposure was
significantly associated with greater frequency of small for gestational age (third percentile,
6.1% vs 4.0%; RR, 1.53 [95% CI, 1.45-1.61]), placental abruption (1.6% vs 0.9%; RR, 1.72 [95%
CI, 1.54-1.92]), transfer to neonatal intensive care (19.3% vs 13.8%; RR, 1.40 [95% CI,
1.36-1.44]), and 5-minute Apgar score less than 4 (1.1% vs 0.9%; RR, 1.28 [95% CI, 1.13-1.45]).



CONCLUSIONS AND RELEVANCE Among pregnant women in Ontario, Canada, reported
cannabis use was significantly associated with an increased risk of preterm birth. Findings
may be limited by residual confounding.
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C annabis is commonly used during pregnancy, and in the
United States, the prevalence was 7% in 2016 based on
self-reports and toxicology.1 In Canada, data suggest that



the prevalence of cannabis use has increased among young men
and women aged 15 to 24 years from 21.6% to 26.9% between
2011 and 2017,2 and among pregnant women aged 15 to 24 years
from 4.9% to 6.5% between 2012 and 2017.3 Overall, cannabis
use during pregnancy was reported by about 2% among moth-
ers in Ontario, Canada, in 2017.3 With recent legalization in
Canada and the United States, coupled with evidence of the po-
tential medical benefits of the cannabinoids cannabidiol and tet-
rahydrocannabinol (THC), it is anticipated that cannabis use may
further increase including among pregnant women.4,5



Cannabinoids can readily cross the placenta and enter the
fetal bloodstream.6 Animal studies suggest that THC expo-
sure during pregnancy can disrupt the complex fetal endog-
enous cannabinoid signaling system and may be associated
with adverse pregnancy outcomes.7 Clinical studies have
shown associations between prenatal cannabis consumption
and incidence of stillbirth, lower birth weight, small for ges-
tational age (SGA), and increased admission to neonatal in-
tensive care compared with infants whose mothers did not use
cannabis.8-10 Previous studies have varied in methodology and
treatment of confounding factors, limiting the ability to iden-
tify an independent association of cannabis on pregnancy
outcomes.11 A systematic review did not find maternal can-
nabis use to be independently associated with low birth weight
or preterm delivery after adjusting for tobacco use.12



Using a comprehensive perinatal registry in the province
of Ontario, the aim was to assess whether there are associa-
tions between reported prenatal cannabis use and maternal,
perinatal, and neonatal outcomes.



Methods
Research ethics board approval for this study was obtained
from the Ottawa Health Science Network Research Ethics Board
and the Children’s Hospital of Eastern Ontario. Under the Per-
sonal Health Information Protection Act, 2004, Ontario’s Better
Outcomes Registry & Network (BORN) can collect and use per-
sonal health information without consent for facilitating or im-
proving health care.



Study Population and Data Source
BORN Ontario captures all births occurring in the province, rep-
resenting about 40% of births in Canada.13 The routine data col-
lection includes information on maternal demographics and
health behaviors including substance use, preexisting health
problems, obstetric complications, intrapartum events, birth
outcomes, and admission to neonatal intensive care. Data are
collected from perinatal records, clinical forms, and patient in-
terviews when a woman is admitted to hospital to give birth.
Data quality audits have indicated high levels of completeness
(<10% missing) and high levels of accuracy (85% with κ > 0.6)
in selected data fields.13



We conducted a retrospective cohort analysis including
women of at least 15 years of age who delivered a singleton in-



fant at a gestational age of 20 weeks or more in an Ontario hos-
pital between April 1, 2012, and December 31, 2017.



Exposure
Maternal exposure to cannabis in pregnancy was recorded dur-
ing routine prenatal care for mothers. A standardized perina-
tal record is completed for all pregnant women with their ob-
stetrician, family physician, or midwife. At the first prenatal
visit, women are explicitly asked about substance use in preg-
nancy. The question is recorded as “yes, use of cannabis” or
“no” for the current pregnancy. Data from the perinatal rec-
ord are abstracted into the registry. In addition, cannabis ex-
posure can be captured from clinical histories obtained from
patients at admission to hospital for labor and delivery.



Maternal, Obstetrical, Perinatal, and Neonatal Outcomes
The primary outcome was preterm birth at less than 37 weeks’
gestation. Preterm birth is one of the most important indica-
tors of perinatal health,14 and a major risk factor for infant mor-
bidity and mortality.15 Prespecified binary indicators were de-
fined for births at less than 37 weeks’ gestation (all preterm
births), 34 to 36 6/7 weeks’ gestation (late preterm), 32 to 33
6/7 weeks’ gestation, 28 to 31 6/7 weeks’ gestation, and less
than 28 weeks’ gestation (very preterm birth).



Secondary perinatal outcomes were SGA at birth (<10th
percentile, <third percentile), placental abruption, and inci-
dence of stillbirth. Maternal outcomes were incidence of pre-
eclampsia, gestational diabetes, and mode of delivery (cesar-
ean, operative vaginal vs spontaneous vaginal). Neonatal
outcomes included transfer to neonatal intensive care unit and
5-minute Apgar score (<4).16



Covariates
Maternal age was derived from maternal birth date and date
of delivery. Area-level median family income quintiles were
extracted from the Canadian Census using patient postal
codes and the Postal Code Conversion File, an electronic
program providing correspondence between 6-digit postal
codes and standard geographical units for census tracts and
dissemination areas (SAS Institute).17 Prepregnancy body
mass index (BMI; calculated as weight in kilograms divided
by height in meters squared) was obtained from the BORN
registry and/or the prenatal screening database and was
based on recorded first-trimester weight and maternal



Key Points
Question Is there an association between prenatal cannabis
exposure and maternal, perinatal, and neonatal outcomes?



Findings In this retrospective cohort study that included 661 617
pregnancies and 9427 reported cannabis users, the rate of
preterm birth among reported cannabis users was 12% vs 6% in
nonusers, a statistically significant difference.



Meaning Reported cannabis use in pregnancy was associated
with significant increases in the rate of preterm birth following
adjustment for confounding.
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height. Gestational weight gain was derived as the differ-
ence between maternal weight at delivery and prepreg-
nancy weight and categorized using Institute of Medicine
guidelines based on prepregnancy BMI category.18



Because the amount of missing data was small (5% for can-
nabis exposure information and 7% for other covariates or out-
comes), no imputation was conducted. Rather than exclud-
ing additional observations due to missing BMI (11.8% of the
cohort), these observations were retained in the matching pro-
cedure as a separate category. Parity; antenatal care by family
physician, obstetrician, or midwife; year of birth; tobacco smok-
ing; alcohol use; use of selective serotonin reuptake inhibi-
tors; opioid use; use of other drugs (including cocaine, meth-
amphetamines); and maternal mental health conditions were
included as potential confounders. Substance use is captured
as “yes, use of substance” or “no” for the current pregnancy.
Opioid use included opioid antagonist therapy.



Statistical Analyses
Women who self-reported use of cannabis during pregnancy
were compared with those who did not report use across all
baseline characteristics using standardized mean differences
(SMDs). SMDs are a comparison of means of the covariates
across reported cannabis users and nonusers, presented in units
of the pooled standard deviation.19 Unlike conventional sta-
tistical tests, the standardized difference is not influenced by
sample size; standardized differences of greater than 10% were
considered indicative of a meaningful difference across groups.



We used matching methods to reduce imbalance and
account for potential confounding across maternal obstetri-
cal and sociodemographic characteristics between reported
cannabis users and nonusers.20 Specifically, we used coars-
ened exact matching methods to match between reported
users and nonusers within defined categories of covariates.21



Coarsened exact matching involves 2 steps prior to running
statistical analyses. First, age, parity, area-level income quin-
tile, smoking status, alcohol use, opioid use, selective sero-
tonin reuptake inhibitor use, other drug use, maternal men-
tal health conditions, antenatal care, and year of birth were
categorized as presented in Table 1. Next, reported users and
nonusers were matched within strata representing unique
combinations of covariate categories. Any stratum with no
reported cannabis users or no nonusers was excluded. All
available controls were selected for matching and weights
were generated so that the covariate distribution for nonus-
ers was normalized to match the distribution in the users.
The L1 statistic was used as a global measure of imbalance in
the data set.22 The matched cohort was used to fit uncondi-
tional Poisson regression models with robust sandwich vari-
ance estimators23,24 to estimate risk differences (RDs) and rela-
tive risks (RRs) for pregnancy outcomes associated with
prenatal cannabis exposure. Models accounted for repeated
pregnancies that occurred for the same mother during the
study period. Poisson models with robust variance estima-
tion have been shown to provide a better alternative than lo-
gistic regression for the analyses of binary outcomes with the
advantage of directly estimating the RR or RD.25 Associations
were reported with 95% CIs. We used 2-sided tests of statisti-



cal significance with a threshold of P < .05. Crude analyses were
conducted in the unmatched cohort for each outcome.



Subgroup analyses were conducted in the matched co-
hort to examine the association of reported cannabis use on
preterm birth among a priori–identified groups of women who
reported smoking tobacco, using alcohol, or using opioids in
pregnancy. Each category of exposure was treated indepen-
dently and interaction terms were included in the adjusted
Poisson regression models. The self-reported cannabis–
preterm birth association was also examined in a subgroup of
women who reported no use of tobacco, alcohol, or opioids.



We tested the accuracy of cannabis exposure coding in the
electronic registry by reviewing the antenatal and delivery rec-
ords of a sample of 577 patients, selected randomly by year,
maternal age, and exposure status. Substance use history was
abstracted from birth, obstetrical assessment, and labor and
delivery records by trained medical record abstractors who
were blinded to the cannabis coding in BORN. Sensitivity, speci-
ficity, and positive and negative predictive values were calcu-
lated. All statistical analyses were conducted in R (version 3.5.2;
The R Foundation).



Results
The initial study cohort was composed of 759 281 pregnancy
records resulting in a singleton birth (eFigure in the Supple-
ment). Exclusions included 42 586 women (5.6%) who were
missing cannabis exposure information. An additional 55 078
observations (7.3%) were missing data on covariates and were
excluded, yielding a final analytical sample of 661 617. The
mean gestational age of the infant sample was 39.3 weeks,
and 51.4% were male. Mothers had a mean age of 30.4 years,
and 9427 (1.4%) reported cannabis use. An analysis of the ex-
cluded data indicated some moderate differences by age, area-
level income, antenatal care, and year of birth (SMD > 10%;
eTable 1 in the Supplement).



Significant imbalance was identified across covariates be-
tween reported cannabis users and nonusers. SMDs greater
than 10% existed for maternal age (1.03), parity (0.34), area-
level income (0.58), prepregnancy BMI (0.32), maternal smok-
ing (1.31), alcohol use (0.58), opioid use (0.43), psychiatric dis-
orders (0.97), antenatal care (0.45), and year of birth (0.14),
indicating association between reported cannabis use and co-
variates. The matched cohort was composed of 98 512 rec-
ords, of which 5639 were reported cannabis users and 92 873
were nonusers. Imbalance in measured baseline covariates be-
tween reported cannabis users and nonusers was removed in
the matched cohort (all SMD < 0.001) (Table 1). The L1 statis-
tic was 0.97 in the unmatched cohort and this was reduced to
0.79 following matching.



Association Between Reported Prenatal Cannabis Use
and Preterm Birth
The crude rate of preterm birth at less than 37 weeks’ gesta-
tion was 6.1% among women who did not report use of can-
nabis and 12.0% among reported cannabis users in the un-
matched cohort (RD, 5.88% [95% CI, 5.22%-6.54%]) (Table 2).
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Table 1. Characteristics of Cannabis Users and Nonusers in the Unmatched and Matched Cohorts, BORN Ontario, 2012-2017



Characteristic



Unmatched Cohort, No. (%)



SMD



Matched Cohort, No. (%)



SMDNonusers (n = 652 190) Cannabis Users (n = 9427) Nonusers (N = 92 873) Cannabis Users (n = 5639)
Age, y



15-19 22 784 (3.5) 2272 (24.1)



1.03



7490 (23.4) 1317 (23.4)



<0.001



20-24 88 722 (13.6) 3233 (34.3) 25 736 (37.1) 2093 (37.1)



25-29 207 418 (31.8) 2290 (24.3) 37 829 (24.9) 1405 (24.9)



30-34 223 058 (34.2) 1197 (12.7) 18 592 (11.5) 647 (11.5)



≥35 110 208 (16.9) 435 (4.6) 3226 (3.1) 177 (3.1)



Parity (not including index pregnancy)



0 279 420 (42.8) 5486 (58.2)



0.34



68 650 (64.1) 3615 (64.1)



<0.001
1 229 885 (35.2) 2091 (22.2) 17 811 (22.0) 1239 (22.0)



2 93 735 (14.4) 1061 (11.3) 5171 (8.8) 497 (8.8)



>2 49 150 (7.5) 789 (8.4) 1241 (5.1) 288 (5.1)



Area-level income quintile



1 99 436 (15.2) 3060 (32.5)



0.58



19 313 (32.9) 1858 (32.9)



<0.001



2 101 843 (15.6) 2111 (22.4) 16 158 (21.7) 1226 (21.7)



3 135 695 (20.8) 1841 (19.5) 21 131 (20.3) 1143 (20.3)



4 154 329 (23.7) 1486 (15.8) 18 680 (15.4) 868 (15.4)



5 160 887 (24.7) 929 (9.9) 17 591 (9.6) 544 (9.6)



Prepregnancy body mass indexa



<18.5 30 825 (4.7) 1233 (13.1)



0.32



2073 (9.7) 549 (9.7)



<0.001



18.5-24.9 288 992 (44.3) 4219 (44.8) 50 881 (48.1) 2712 (48.1)



25.0-29.9 145 337 (22.3) 1616 (17.1) 18 406 (17.1) 963 (17.1)



≥30.0 109 625 (16.8) 1398 (14.8) 11 837 (15.5) 874 (15.5)



Missing 77 411 (11.9) 961 (10.2) 9676 (9.6) 541 (9.6)



Gestational weight gainb



Inadequate 168 158 (25.8) 2550 (27.0)



0.14



15 408 (23.9) 1348 (23.9)



<0.001
Recommended 117 150 (18.0) 1290 (13.7) 10 050 (11.7) 661 (11.7)



Excessive 289 471 (44.4) 4626 (49.1) 57 739 (54.8) 3089 (54.8)



Missing 77 411 (11.9) 961 (10.2) 9676 (9.6) 541 (9.6)



Self-reported substance use
during current pregnancyc



Tobacco smoking 48 260 (7.4) 5554 (58.9) 1.31 7743 (47.5) 2679 (47.5) <0.001



Alcohol use 13 185 (2.0) 1787 (19.0) 0.58 611 (6.0) 341 (6.0) <0.001



Opioid use 6538 (1.0) 1047 (11.1) 0.43 134 (1.8) 103 (1.8) <0.001



SSRI use 8745 (1.3) 439 (4.7) 0.20 101 (1.2) 67 (1.2) <0.001



Other drug use 1844 (0.3) 436 (4.6) 0.28 6 (0.1) 5 (0.1) <0.001



Mental health conditionsd 97 779 (15.0) 5348 (56.7) 0.97 11 343 (46.0) 2595 (46.0) <0.001



Antenatal care



Family physician 166 102 (25.5) 3790 (40.2)



0.45



23 397 (41.6) 2347 (41.6)



<0.001
Obstetrician 378 368 (58.0) 4100 (43.5) 62 452 (47.7) 2689 (47.7)



Midwife 95 014 (14.6) 860 (9.1) 6721 (8.1) 458 (8.1)



Other/none 12 706 (1.9) 677 (7.2) 303 (2.6) 145 (2.6)



Year of birth



2012 109 489 (16.8) 1273 (13.5)



0.14



12 774 (13.8) 778 (13.8)



<0.001



2013 110 567 (17.0) 1394 (14.8) 14 749 (14.8) 832 (14.8)



2014 108 593 (16.7) 1577 (16.7) 15 301 (16.9) 954 (16.9)



2015 116 681 (17.9) 1683 (17.9) 16 470 (17.6) 993 (17.6)



2016 117 635 (18.0) 1948 (20.7) 19 276 (20.5) 1154 (20.5)



2017 89 225 (13.7) 1552 (16.5) 14 303 (16.5) 928 (16.5)



Abbreviations: SMD, standardized mean difference; SSRI, selective serotonin
reuptake inhibitor.
a Calculated as weight in kilograms divided by height in meters squared.
b Institute of Medicine guidelines.18



c Reported use of substances in current pregnancy. Tobacco use is any reported



use at admission to labor/delivery. Alcohol use is any reported use during
current pregnancy.



d Includes addiction, anxiety, bipolar disorder, depression, postpartum
depression, or schizophrenia diagnosed or self-reported in current pregnancy.



Research Original Investigation Association Between Self-reported Prenatal Cannabis Use and Maternal, Perinatal, and Neonatal Outcomes



148 JAMA July 9, 2019 Volume 322, Number 2 (Reprinted) jama.com



© 2019 American Medical Association. All rights reserved.



Downloaded From: https://jamanetwork.com/ by Jordan Milholland on 02/21/2020





http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.8734








The risk of preterm birth was greater among reported canna-
bis users for all categories of gestational age, although abso-
lute risks of early preterm birth at less than 32 weeks were
lower among reported users and nonusers due to fewer
events. Reported cannabis exposure was also associated with
statistically significant increases in secondary perinatal and
neonatal outcomes including SGA (third percentile and 10th
percentile), placental abruption, admission to neonatal inten-
sive care unit, and 5-minute Apgar score less than 4 in the
unmatched cohort. Rates of perinatal and neonatal outcomes
were generally higher among reported cannabis users com-
pared with nonusers in crude analyses. For instance, SGA
(third percentile) was 6.3% in infants of reported cannabis
users compared with 2.4% among nonusers (RD, 3.91% [95%
CI, 3.42%-4.41%]).



In the matched cohort, reported cannabis exposure was
significantly associated with an RD of 2.98% (95% CI, 2.63%-
3.34%) and an RR of 1.41 (95% CI, 1.36-1.47) for preterm birth
at less than 37 weeks’ gestation, an RD of 1.75% (95% CI, 1.43%-
2.07%) and an RR of 1.31 (95% CI, 1.25-1.38) for preterm birth
between 34 and 36 6/7 weeks’ gestation, an RD of 0.38% (95%
CI, 0.24%-0.52%) and an RR of 1.46 (95% CI, 1.28-1.66) for pre-
term birth between 32 and 33 6/7 weeks’ gestation, an RD of
0.68% (95% CI, 0.55%-0.80%) and an RR of 2.42 (95% CI, 2.10-
2.80) for preterm birth between 28 and 31 6/7 weeks’ gesta-
tion, and an RD of 0.51% (95% CI, 0.39%-0.63%) and an RR of
1.97 (95% CI, 1.70-2.28) for preterm birth at less than 28 weeks’
gestation (Table 3). The RR increased from 1.31 to 2.42 for cat-
egories of preterm birth between 34 to 36 6/7 weeks’ gesta-
tion and 28 to 31 6/7 weeks’ gestation and reduced to 1.97 for



less than 28 weeks’ gestation. Compared with the crude esti-
mates from the unmatched cohort, the RDs and RRs were at-
tenuated for all categories of preterm birth after accounting for
the matching.



Association Between Reported Prenatal Cannabis Use
and Maternal and Obstetrical Outcomes
There was a small statistically significant protective associa-
tion between reported cannabis exposure and preeclampsia
(RR, 0.90 [95% CI, 0.86-0.95]) and gestational diabetes
(RR, 0.91 [95% CI, 0.86-0.96]), which remained statistically
significant at the 5% level in the matched cohort, although the
magnitude of the RDs were less than 0.5% (Table 3). In addi-
tion, reported cannabis exposure was inversely associated with
cesarean vs spontaneous vaginal delivery in the matched co-
hort (RR, 0.98 [95% CI, 0.96-1.00]) but the RD was not statis-
tically significant (RD, −0.33% [95% CI, −0.85 to 0.18]). Re-
ported use of cannabis was not associated with assisted vaginal
delivery in either cohort.



Subgroup Analyses
A comparison of the RDs and RRs of cannabis exposure on
preterm birth at less than 37 weeks’ gestation was conducted
by subgroups of women who reported use of tobacco, alco-
hol, opioids, or no other substances in pregnancy (eTable 2 in
the Supplement). Among women who reported use of canna-
bis but no other substances, the crude rate of preterm birth
was 9.1% compared with 5.9% among women who reported
no use of substances. In the matched cohort, the RD for this
comparison was 2.2% (95% CI, 1.73%-2.67%) and the RR was



Table 2. Pregnancy Outcomes in Users and Nonusers of Cannabis During Pregnancy in the Unmatched Cohort,
BORN Ontario, 2012-2017



Outcome



No. of Events (% Risk)
Risk Difference, %
(95% CI)a



Relative Risk
(95% CI)a



Nonusers
(n = 652 190)



Cannabis Users
(n = 9427)



Preterm birth,
weeks’ gestation



<37 39 955 (6.1) 1134 (12.0) 5.88 (5.22 to 6.54) 1.96 (1.86 to 2.07)



34-36 6/7 30 085 (4.7) 791 (8.7) 4.00 (3.41 to 4.58) 1.86 (1.74 to 1.99)



32-33 6/7 4026 (0.7) 132 (1.6) 0.90 (0.63 to 1.17) 2.40 (2.01 to 2.86)



28-31 6/7 2936 (0.5) 124 (1.5) 1.00 (0.73 to 1.27) 3.09 (2.57 to 3.71)



<28 2908 (0.5) 87 (1.0) 0.57 (0.34 to 0.80) 2.20 (1.77 to 2.73)



Maternal Outcomes



Preeclampsia 31 884 (4.9) 393 (4.2) −0.70 (−1.11 to −0.29) 0.86 (0.78 to 0.94)



Gestational diabetes 48 159 (7.4) 398 (4.2) −3.16 (−3.58 to −2.74) 0.58 (0.52 to 0.63)



Delivery Type



Cesarean 179 472 (27.5) 2213 (23.5) −4.04 (−4.90 to −3.18) 0.85 (0.82 to 0.88)



Assisted vaginal 57 880 (8.9) 828 (8.8) −0.11 (−0.68 to 0.47) 0.99 (0.93 to 1.06)



Perinatal Outcomes



SGA (third percentile) 15 856 (2.4) 596 (6.3) 3.91 (3.42 to 4.41) 2.60 (2.40 to 2.82)



SGA (10th percentile) 60 360 (9.3) 1712 (18.2) 8.96 (8.17 to 9.74) 1.96 (1.88 to 2.05)



Placental abruption 5359 (0.8) 172 (1.8) 1.02 (0.75 to 1.30) 2.24 (1.92 to 2.60)



Stillbirth 2500 (0.4) 58 (0.6) 0.23 (0.07 to 0.39) 1.60 (1.24 to 2.08)



Neonatal Outcomes



Transfer to NICU 77 611 (11.9) 2368 (25.1) 13.19 (12.31 to 14.07) 2.11 (2.04 to 2.19)



Apgar score <4
(5 min)b



4615 (0.7) 130 (1.4) 0.68 (0.44 to 0.92) 1.95 (1.64 to 2.32)



Abbreviations: NICU, neonatal
intensive care unit; SGA, small for
gestational age.
a Risk difference and relative risk



adjusted for infant sex; standard
errors account for repeated
pregnancies within mothers.



b Apgar scores from 0 to 10 assigned
at 5 minutes after birth based on
measures of heart rate, respiratory
effort, skin color, muscle tone, and
reflex irritability; lower scores
indicate depressed vitality.16
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1.34 (95% CI, 1.27-1.42). Among women reporting tobacco
use, the magnitude of the RD between reported cannabis
exposure and preterm birth was higher (3.73% [95% CI,
1.41%-6.05%] vs 2.28% [95% CI, 1.84%-2.73%]; P for interac-
tion < .001). The RR was 1.46 (95% CI, 1.16-1.83) vs 1.36 (95%
CI, 1.29-1.44) (P for interaction = .08), although the test of
interaction was not statistically significant. Tests of interac-
tion in the association of reported cannabis use on preterm
birth were not statistically significant in subgroups of women
reporting alcohol (P for interaction = .69 for RD; P for interac-
tion = .25 for RR) or opioid (P for interaction = .24 for RD;
P for interaction = .99 for RR) use in pregnancy.



In a sample of 577 patients randomly selected across year
of birth and maternal age, and with 236 (41%) having
reported cannabis exposure documented in BORN, 213 (37%)
had cannabis exposure recorded in medical, antenatal, or
delivery records and the remainder had no recorded use. This
reabstraction study found that reported cannabis use defined
in BORN had a sensitivity of 97% (95% CI, 93%-99%) and a
specificity of 94% (95% CI, 91%-96%) compared with clinical
records and the positive predictive value was 90% (95% CI,
85%-94%).



Discussion
In this study using a large, population-based pregnancy co-
hort, a significant association was observed between re-



ported prenatal cannabis use and preterm birth. Although an
association between prenatal cannabis use and adverse peri-
natal outcomes has been previously reported,23 studies in this
field experience a high likelihood of residual confounding due
to misclassification of cannabis exposure and other confound-
ers including tobacco use and substance use. Although there
are limits to determining the underlying effect of prenatal ex-
posure to cannabis using observational epidemiology, and ran-
domized trials are unlikely, this study attempted to address a
set of known confounders using a matched design to im-
prove the estimate of the prenatal cannabis use and preterm
birth association using the currently available data.



A monotonic increase in the magnitude of the RR of pre-
term birth from cannabis exposure was observed between 34
to 36 6/7 weeks’ and 28 to 31 6/7 weeks’ gestation, although
no further increases were observed for very preterm birth at
less than 28 weeks’ gestation. It may be that cannabis expo-
sure is associated more strongly with early and moderate pre-
term births as opposed to very preterm births, which may have
different risk factors including infection, pregnancy-induced
hypertension, or incompetent cervix.26 The risk of preterm
birth associated with cannabis exposure was statistically sig-
nificant in subgroups of women who only used cannabis and
no other substances, and among women using tobacco. There
was evidence to suggest that the association between re-
ported cannabis use and preterm birth may be stronger within
the subgroup of tobacco users, which is a known risk factor for
preterm birth.



Table 3. Pregnancy Outcomes in Users and Nonusers of Cannabis During Pregnancy in the Matched Cohort,
BORN Ontario, 2012-2017a



Outcome



No. of Events (% Risk)
Risk Difference, %
(95% CI)b



Relative Risk
(95% CI)b



Nonusers
(n = 92 873)



Cannabis Users
(n = 5639)



Preterm birth,
weeks’ gestation



<37 5396 (7.2) 573 (10.2) 2.98 (2.63 to 3.34) 1.41 (1.36 to 1.47)



34-36 6/7 4068 (5.6) 401 (7.3) 1.75 (1.43 to 2.07) 1.31 (1.25 to 1.38)



32-33 6/7 552 (0.8) 63 (1.2) 0.38 (0.24 to 0.52) 1.46 (1.28 to 1.66)



28-31 6/7 402 (0.5) 56 (1.1) 0.68 (0.55 to 0.80) 2.42 (2.10 to 2.80)



<28 374 (0.5) 53 (1.0) 0.51 (0.39 to 0.63) 1.97 (1.70 to 2.28)



Maternal Outcomes



Preeclampsia 4869 (4.9) 248 (4.4) −0.46 (−0.71 to −0.22) 0.90 (0.86 to 0.95)



Gestational
diabetes



5131 (4.7) 240 (4.3) −0.41 (−0.66 to −0.17) 0.91 (0.86 to 0.96)



Delivery Type



Cesarean 24 166 (24.1) 1337 (23.7) −0.33 (−0.85 to 0.18) 0.98 (0.96 to 1.00)



Assisted vaginal 11 546 (9.3) 538 (9.5) 0.27 (−0.08 to 0.62) 1.02 (0.99 to 1.06)



Perinatal Outcomes



SGA (third
percentile)



2564 (4.0) 346 (6.1) 2.13 (1.84 to 2.41) 1.53 (1.45 to 1.61)



SGA (10th
percentile)



9434 (12.1) 958 (17.0) 4.93 (4.48 to 5.38) 1.41 (1.36 to 1.45)



Placental abruption 685 (0.9) 88 (1.6) 0.68 (0.53 to 0.82) 1.72 (1.54 to 1.92)



Stillbirth 319 (0.5) 33 (0.6) 0.13 (0.03 to 0.22) 1.25 (1.05 to 1.48)



Neonatal Outcomes



Transfer to NICU 11 553 (13.8) 1089 (19.3) 5.50 (5.04 to 5.97) 1.40 (1.36 to 1.44)



Apgar score <4
(5 min)c



638 (0.9) 62 (1.1) 0.24 (0.12 to 0.37) 1.28 (1.13 to 1.45)



Abbreviations: NICU, neonatal
intensive care unit; SGA, small for
gestational age.
a Cohort matched on all Table 1



variables using coarsened exact
matching.



b Risk difference and relative risk
adjusted for infant sex; standard
errors account for repeated
pregnancies within mothers.



c Apgar scores from 0 to 10 assigned
at 5 minutes after birth based on
measures of heart rate, respiratory
effort, skin color, muscle tone, and
reflex irritability; lower scores
indicate depressed vitality.16
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The findings related to associations between cannabis use
and maternal outcomes merit consideration. Cannabis use was
associated with a 0.5% reduction in the incidence of pre-
eclampsia and gestational diabetes, and similar findings have
been observed in a recent study from the United States.27 How-
ever, the modest reduction in RD may not be clinically impor-
tant. The association with preeclampsia may be related to can-
nabis use by smoking. Decreased rates of preeclampsia and
hypertensive disorders in pregnancy have been associated with
maternal cigarette smoking and the mechanism is possibly re-
lated to combustible carbon monoxide.28,29 In addition, some
studies and animal models have suggested a potential role for
cannabinoids in reducing oxidative stress and diabetic
complications30-32; further studies investigating gestational
diabetes may be warranted.



Limitations
This study has several limitations. First, in BORN and other ad-
ministrative data, there is likely misclassification of cannabis
exposure in pregnancy.33 Although no data exist on the de-
gree of underreporting, survey data suggest that 9% of repro-
ductive age women in Canada were regular users of cannabis.2



The data presented here on the use of cannabis in pregnancy
come from self-reports, routine care records, and physician dis-
closure. These sources may be influenced by social stigma, de-
sirability bias, and fear of intervention by child protection or
social services.34-36 Second, information about frequency, tri-
mester, and duration of use of cannabis in pregnancy was not
available in the current study. However, data from the ALSPAC
birth cohort in the United Kingdom indicated that 2.5% of the
cohort used cannabis in the first trimester and 2.1% contin-
ued in the second trimester, suggesting that use may be rela-
tively stable in pregnancy.9



Third, although analyses indicated that capture of canna-
bis exposure in BORN was accurate compared with medical rec-
ords, both sources may have similar biases. Fourth, urine toxi-
cology screening for cannabis exposure in pregnancy was not
available in BORN and is not routinely performed in this popu-



lation. A moderate correlation has been demonstrated be-
tween self-reports of cannabis use and urine testing.37,38 Due
to variation in the rate of excretion and half-life time, urine
screening for THC metabolites may be accurate for assessing
exposure within 3 to 10 days.37,39 Ideally, multiple urine screens
throughout pregnancy would provide better exposure assess-
ment. Despite these limitations, self-report does seem to be a
reliable method for determining cannabis use during preg-
nancy in epidemiological studies. The effects of underreport-
ing and exposure misclassification would likely attenuate the
observed association toward the null; therefore, the associa-
tions observed are potentially smaller in magnitude com-
pared with the underlying associations without error.



Fifth, observational studies on behavioral exposures, such
as cannabis smoking, are not readily testable in randomized
trials and are at risk of confounding. This limitation was ad-
dressed in the present study through matching methods on the
available covariates. Although the matched cohort was bal-
anced across covariates, including maternal age, socioeco-
nomic status, tobacco smoking, and other correlates of can-
nabis exposure, it is likely that residual confounding from
unmeasured and unknown confounders remains and this limi-
tation cannot be addressed through matching. Sixth, 5% of the
cohort was missing cannabis exposure information and an ad-
ditional 7% was missing data on other covariates and/or out-
comes. Although these exclusions may have introduced some
bias, only moderate differences were noted between the ex-
cluded and analytical samples. Missing data in the registry gen-
erally arise through data capture issues for covariates that are
unrelated to study outcomes and, therefore, complete case
analysis may be appropriate.40



Conclusions
Among pregnant women in Ontario, Canada, reported canna-
bis use was significantly associated with an increased risk of pre-
term birth. Findings may be limited by residual confounding.
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MEMORANDUM  



 



To:    Jordan Milholland 



From:   Scott M. Schultz, Executive Director 



Date:   February 20, 2020 



Re:  Felony Possession of Marijuana – 3rd or subsequent conviction reduced to class A misdemeanor 



_________________________________________________________________________________________________ 



As part of the discussion in House Corrections and Juvenile Justice Committee during its hearing of 2019 HB 



2686 on February 19, 2020, a request was made to update a Sentencing Commission memorandum dated 



September 19, 2018. This is the update to the memo with FY 2019 data.  



 



FINDINGS 



 



• According to KSSC data, in FY 2019 there were 161 convictions for the crime of 3rd or subsequent 



possession of marijuana.  Of this number: 



o 18 (11.2%) were sentenced to prison; 



o 90 (55.9%) were sentenced to probation; 



o 53 (32.9%) were sentenced to SB 123 mandatory drug treatment programs; and 



o 56 offenders had a special rule applicable to the sentence, 26 with the 3rd or subsequent drug 



conviction. 



 



• According to the KSSC FY 2019 probation revocation data file, 4 probation condition violators were 



convicted of the 3rd possession of marijuana: 



o 1 received a probation extension 



o 2 received a county jail sanction 



o 1 received a 180-day prison sanction 



 



• According to KDOC FY 2019 admission file, 6 offenders were admitted to prison: 



o 3 new court commitments;  



o 1 probation condition violator; 



o 2 probation violators with a new conviction. 



▪ The average prison sentence was 11 months 



 



IMPACT ASSESSMENT 



• This proposal will reduce prison admissions by 6 in FY 2021 and by 7 in FY 2030. 



• This proposal will reduce prison beds by 5 in both FY 2021 and 2030. 



• This proposal will reduce the cost of SB 123 drug treatment program by $166,579 based on the average 



cost of $3,143 per SB 123 treatment offender in FY 2019. 



• This proposal would reduce the Sentencing Commission’s journal entry workload by 163 in FY 2021 



and by 178 in FY 2030. 
 










