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Abstract

Background: Normalisation of medicinal and recreational marijuana use has in-
creased the importance of fully understanding effects of marijuana use on individual-
and population-level health, including prenatal exposure effects on child development.
We undertook a systematic review of the literature to examine the long-term effects
of prenatal marijuana exposure on neuropsychological function in children aged
1-11 years.

Methods: Primary research publications were searched from Medline, Embase,
PsychInfo, CINAHL EbscoHost, Cochrane Library, Global Health and ERIC (1980-
2018). Eligible articles documented neuropsychological outcomes in children
1-11 years who had been prenatally exposed to marijuana. Studies of exposure to
multiple prenatal drugs were included if results for marijuana exposure were re-
ported separately from other substances. Data abstraction was independently per-
formed by two reviewers using a standardised protocol.

Results: The eligible articles (n = 21) on data from seven independent longitudinal
studies had high quality based on the Newcastle-Ottawa Scale. Some analyses found
associations (P < 0.05) between prenatal marijuana exposure and decreased perfor-
mance on memory, impulse control, problem-solving, quantitative reasoning, verbal
development and visual analysis tests; as well as increased performance on attention
and global motion perception tests. Limitations included concurrent use of other sub-
stances among study participants, potential under-reporting and publication biases,
non-generalisable samples and limited published results preventing direct compari-
son of analyses.

Conclusions: The specific effects of prenatal marijuana exposure remain unclear and
warrant further research. The larger number of neuropsychological domains that ex-
hibit decreased versus increased psychological and behavioural functions suggests

that exposure to marijuana may be harmful for brain development and function.
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1 | INTRODUCTION

Marijuana is the most commonly used illicit drug in the United States,
with an estimated 22.2 million past-month users aged 12 years or
older in 2015. Since 1996, laws allowing medicinal marijuana use
have been passed in 29 states, the District of Columbia (DC), Guam
and Puerto Rico, and laws allowing recreational use and sales of mar-
ijluana for adults aged 21 and over have been passed in 8 states and
DC since 2012.%2% As more states consider legalising marijuana use
among adults, it is important to fully understand the effects of mari-
juana use on individual- and population-level health.®

The growing availability and use of marijuana is important to
consider among women of reproductive age. Among US women
aged 18-44 years, self-reported past 30-day use of marijuana has
increased from 2002 to 2014 from 2.4% to 3.9% among pregnant
and from 6.3% to 9.3% among non-pregnant women.? Given the in-
creasing trends of marijuana use among women of reproductive age
including pregnant women and the changing landscape of legal and
medical marijuana in the United States, a more robust understanding
of the consequences of prenatal marijuana exposure on children is
critical to inform individual decision-making and public health policy,
planning and practice.”®

The use of marijuana during pregnancy could have implications
for foetal brain development.”*? Marijuana is lipid soluble and able
to cross the placenta and blood-brain barrier to accumulate in foe-
tal tissues including brain tissues.'®* It is processed in the body
through the endocannabinoid system, which may be involved in
brain development through neurogenesis, differentiation, migration
and neural circuit wiring.?>¢ Data suggest that this system exists
from the earliest stages of pregnancy, presenting multiple points
of vulnerability to exposure of marijuana throughout gestation, al-
though the exact processes of this system’s development are still
not completely understood in humans.*>%7 Additionally, there is ev-
idence of several adverse effects on the brain and cognition, includ-
ing structural damage, learning and memory deficits, and impaired
motor function in adolescents and adults who are active marijuana
users.82> Therefore, marijuana exposure has potential adverse ef-
fects on brain development in prenatally exposed children.?

The strongest evidence of adverse effects of prenatal marijuana
exposure comes from animal studies.”” These studies demonstrated
that even low doses of marijuana during pregnancy can result in ad-
verse cognitive and developmental effects in offspring.7'9 In human
studies, there are variations in the effect’s direction, degree and
duration.>2 Moreover, it is often difficult to discern whether the
effects are due solely to marijuana or to a combination of marijuana
with another substance the mother may have used concurrently.”’29
Syntheses of studies that have examined prenatal marijuana effects
on children’s brain development, while controlling for other sub-
stances use, are limited.®

Existing systematic reviews have partially examined conse-
quences of prenatal marijuana exposure in children; however, they
have certain limitations. Among infants, a 2016 review found in-
creased irritability, tremors and startles, and decreased stability

scores in exposed neonates compared to unexposed neonates.*°

Two systematic reviews from 2007 and 2012 examining cogni-
tive functions in children with prenatal exposures to marijuana,
alcohol, cocaine, tobacco, lead and mercury found evidence for
long-term damage to attention resulting from prenatal marijuana
exposure, attempting to control for use of other substances; how-
ever, these studies involved adolescents.3"%? By adolescence,
subjects may have been affected by other potential developmen-
tal insults, including their own substance use, and it is difficult
to distinguish consequences resulting from prenatal exposure.33
A 2011 summary article focused mainly on the endocannabinoid
system and animal studies supporting evidence of marijuana’s po-
tential to interfere with the role of this system in development and
did not employ systematic review methodology.'®> Additionally, a
recent consensus study by the National Academies of Sciences,
Engineering and Medicine noted the dearth of good or fair quality
systematic reviews examining associations between maternal mar-
jjuana use and offspring’s cognition or academic achievement.?*
Given the abovementioned gaps in the scientific literature, this
study presents the findings of a systematic review of the impact
of prenatal marijuana exposure on neuropsychological functioning

in children aged 1-11 years.

2 | METHODS

Literature searches for this review were conducted by a librar-
ian specialising in systematic reviews. An initial literature search
took place in August 2014 in the following databases: Medline,
Embase, Psychinfo, Cumulative Index to Nursing and Allied
Health Literature (CINAHL) EbscoHost, Cochrane Library, Global
Health and Education Resources Information Center (ERIC).
Supplementary searches using the same terms were conducted
in April 2015, September 2016, July 2017 and August 2018.
Additionally, a cited reference search was conducted to identify
articles missed in the searches.®®> Appendix S1 of the supple-
mental materials provides an example of terms used in Medline.
Search terms included terms for marijuana (eg, cannabis, hash,
ganja), pregnancy (eg, pregnancy, pregnant women, in utero) and
outcomes (eg, cognitive disorders, intelligence, learning, execu-
tive functions, attention). All terms were entered as subject head-
ings, text words and Medical Subject Headings (MESH) terms per
requirements of each database. Detailed overview of the search
and selection strategy is available in the supplemental materials
(Appendix S1).

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used to track literature review
results and to standardise the review process.>® The PRISMA flow
diagram is displayed in Figure 1. Inclusion and exclusion criteria
(the supplemental materials, Appendix S1) were designed to in-
clude published or unpublished studies documenting neuropsy-
chological outcomes in children aged 1-11 years who had been
prenatally exposed to marijuana. Studies of prenatal exposure to



\ _ 3
b BT W1 ey

Records identified through
database* searching

Additional records identified
through the Cited reference search
(n=2307) (n=62)

SHARAPOVA ET AL.
c
.9
=
S
&=
=
(=
[}
3
[-1}]
o
'S
[}
(7]
5
Z
3
w
b
©
(7]
T
=
(%]
£

FIGURE 1 Flow chart of literature

review

Note: Adapted from Moher et al®¢ (http://

www.bmj.com/content/339/bmj.b2535)

multiple drugs were included if results for marijuana exposure and
its associations with the outcomes were reported separately from
results for other substance exposures. Grey literature, including
conference abstracts, dissertations, white papers and reports re-
trieved by the literature searches, was considered for eligibility.
Reviewers identified 1 doctoral dissertation and 4 conference ab-
stracts that met criteria for full-text review. Authors of the con-
ference abstracts were contacted in regard to potential pending
publication of their studies. Full-text review and further research
lead to exclusion of these articles.

The literature search and selection consisted of two steps: (a)
title and abstract screening, and (b) full text and reference review.
A primary and a secondary reviewer independently reviewed all ar-
ticles retrieved from the literature search. The articles were divided
between nine reviewers who were either subject matter experts in
child development and/or substance abuse (authors: SRS, KS, JK, RL,
IR) or public health scientists (acknowledged: KA, RP, AJ, LP) trained
to perform the review by the subject matter experts. A primary and a
secondary reviewer screened each reference to determine whether
the reference met inclusion or exclusion criteria.

All articles that were found eligible during the full-text review
reported data from longitudinal studies. Additionally, it was found
that some articles utilised data from a single study reporting results
from different analyses or from different time points of the study.
The reviewers utilised the list of authors and the methodology de-

scription of each eligible article, including references to publications

N

Records after duplicates
removed
(n=1943)

Records excluded (animal studies, outcomes in
adults, non-research publications, reviews,
studies of the prevalence of marijuana use,

\

outcomes other than cognitive and executive
function, conference abstracts and duplicates
missed by the automated de-duplication)
(n=1648)

A 4

Full-text articles assessed
for eligibility
(n =295)

Full-text articles excluded (reviews, animal
studies, a case report, a paper in Danish
language, a paper with no full text available,

conference abstracts, duplicates missed
previously, polydrug exposure with no dis-
aggregated marijuana data, outcomes outside
the 1-11 years age range, marijuana studies
not investigating association with cognitive
y development)

oo . (n=274)
Studies included in

qualitative synthesis
(n=21)

* Databases: Medline, Embase, Psychinfo, CINAHL EbscoHost, Cochrane Library, Global Health,
and ERIC. Limits: publication date 1980-present, English.

reporting study methodology, in order to determine whether articles
belonged to a particular study.

The data abstraction instrument developed by the Community
Preventive Services Task Force was used to abstract data from the
eligible articles.®” As the data abstraction instrument had been orig-
inally designed to assess public health interventions, it was adapted
for assessing reports from longitudinal studies. The articles selected
for the review were divided among three reviewers (SRS, RP and AJ)
for data abstraction. Two reviewers independently coded qualitative
and quantitative data from each selected article.

Study quality was graded using the Newcastle-Ottawa scale
designed to assess longitudinal studies.®® It took into account fac-
tors of representativeness, comparability and outcome. The scale
included assessment of the suitability of study design and quality
of study execution to determine each study’s utility to answer the
research questions. At any step of the review, when discrepancies
occurred, primary and secondary reviewers discussed the discrep-
ancy to achieve consensus. Additional reviewers were consulted if
needed.

Results were synthesised qualitatively. Utilising a conservative
approach, only results that were statistically significant (P < 0.05)
in analyses adjusted for potential confounders were considered
to be different from the null. Negative association was defined
as association between prenatal marijuana exposure and dimin-
ished neuropsychological function (eg, lower score for verbal de-
velopment and higher score for inattention). Positive association
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SHARAPOVA ET AL.

was defined as association between prenatal marijuana exposure
and enhanced neuropsychological function (eg, higher score for
attention and lower score for impulsivity). High heterogeneity
of assessment tools, analytical approaches and reported effect
sizes precluded a quantitative assessment of publication bias and
meta-analysis.

3 | RESULTS

Twenty-one articles were eligible for review and analysis (Table 1);
the review process determined that these articles were based on
data from 7 distinct longitudinal studies. There were 4 US stud-
ies: Maternal Health Practices and Child Development Project
(MHPCD; 1982-1997) in Pennsylvania, a study of prenatal cocaine
exposure in Ohio (1994-2003), a study of developmental effects
of prenatal substance exposure in New Jersey and Pennsylvania
(1993-2004) and the National Maternal and Infant Health Survey
(NMIHS; 1988-1991). The other 3 studies included were the Ottawa
Prenatal Prospective Study (OPPS; 1978-1995) in Canada; the Infant
Development, Environment and Lifestyle Study (IDEAL; 2001-2008)
in New Zealand; and a study in Jamaica (1983-1990). All the stud-
ies were of high quality (ranked 7-9 out of nine stars) based on the
Newcastle-Ottawa Scale (Table 2).%8

Each of the seven studies utilised a variety of instruments
to assess children’s neuropsychological outcomes (Table 3).
Instruments varied from very specific, measuring only one func-
tion (eg, pegboard test measuring manual dexterity) to complex
multiscale tools assessing intelligence and various cognitive do-
mains (eg, Stanford-Binet Intelligence Scale measuring intelligence
quotient (IQ), memory, visual reasoning, quantitative reasoning
and verbal reasoning). Six studies applied one of the commonly
used comprehensive intelligence or academic achievement tests
administered by trained professionals who were blinded to chil-
dren’s prenatal history. The tests included the following: Wechsler
Intelligence Scale for Children (WISC) (OPPS, IDEAL and prenatal
cocaine exposure study);39 the Stanford-Binet Intelligence Test
(MHPCD and developmental effects of prenatal substance expo-
sure studies);*® the McCarthy Scales of Children’s Abilities (OPPS,
Jamaica study and prenatal cocaine exposure study):** and the
Wide Range Achievement Test (OPPS and MHPCD).*? One study
(NMIHS) relied only on parental reports based on the Denver
Developmental Scale.*®

Most analyses found no associations between prenatal mari-
juana exposure and children’s outcomes or found associations that
were significant in bivariate analyses but not in adjusted analyses
(Table 3). Table 1 lists comparison groups and covariates that each

article used for adjusted analyses.

3.1 | Ottawa prenatal prospective study

Eight of the articles reported on results of OPPS (Tables 1-3). This was
a longitudinal study of the effects of prenatal marijuana, cigarette

b T W1 LEY-
and alcohol use in offspring in a mostly low-risk, middle-class popu-
lation of the Ottawa area, Ontario, Canada.***! Recruitment took
place through advertisement in media and obstetricians’ offices.
Analyses of the children at ages 1 and 2 years found no associations
between prenatal marijuana exposure and cognitive outcomes, but
found that prenatal marijuana use was associated (P < 0.05) with
higher scores on the 1-year-old Primary Composite score of the
Infant Behavior Record that assessed interests and attitudes (ie,
that children exposed in utero had higher developmental levels than

children who were not exposed).*4

At ages 3 and 4 years, McCarthy
quantitative scores were lower among children with heavy prenatal
marijuana exposure before adjustment for confounding, but moder-
ate marijuana exposure correlated with superior motor performance
on the McCarthy test, even after adjustment for confounders.*®
There were no differences on a series of cognitive tasks (eg, mem-
ory, verbal and perceptual scores) between 5- and 6-year-old chil-
dren with and without prenatal marijuana exposure.*¢*” For children
aged 6-9 years, there was no statistically significant relationship
after adjustment between prenatal marijuana exposure and paren-
tal ratings of behaviour problems, visual-perceptual tasks, language
comprehension or distractibility.48 Prenatal marijuana exposure was
not associated with deficits in reading, language or psychometrically
determined intelligence in children aged 9-11 years.*”*° Prenatal
marijuana exposure was negatively associated with performance in
visual problem-solving situations as measured by WISC Perceptual
Organization Index in children aged 9-11 years.’® The Perceptual
Organization Index assesses non-verbal reasoning and hypotheses

testing drawing upon visual-perceptual skills.

3.2 | Maternal health practices and child
development project

MHPCD findings were reported in six articles (Tables 1-3).°%>7

Participants in MHPCD were women of lower socio-economic
status, recruited from an outpatient prenatal clinic in Pittsburgh,
Pennsylvania. Day et al®? found no associations between prenatal
marijuana exposure and the Stanford-Binet Intelligence Test per-
formance at age 3 years. Goldschmidt et al’® found heavy prenatal
marijuana use statistically significantly associated with lower verbal
and quantitative reasoning and with decreased short-term memory
at age 6 years. Leech et al®® found a statistically significant nega-
tive association between prenatal marijuana exposure and measures
of impulsivity at age 6 years using a continuous performance task,
but a positive association (P < 0.05) with attention using this same
task. At age 10 years, there were associations (P < 0.05) between
prenatal exposure to marijuana and child behaviour problems and
school achievements. Specifically, first and third-trimester exposure
to marijuana was associated with increased hyperactivity, inatten-
tion and impulsivity, and heavy second and third-trimester expo-
sure was associated with increased delinquency and externalising
behaviour problems.55 Associations were reported between first-
trimester prenatal marijuana exposure and lower predicted read-
ing and spelling scores, and between second trimester exposure
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TABLE 2 Newcastle-Ottawa scale assessment of the eligible studies

Star
# (by study/year of publication) categories 1 2 8 4 5 6 7 8 9

Study or location Jamaica OPPS?

Fried, Fried, Fried, Fried, O’Connell, Fried, Fried,
Author, year Hayes, 1991 1988 1990 1992 1992 1991 Fried, 1997 1998 2000

1) Representativeness of the exposed cohort

a) Truly representative of the average demograph- *
ics in the community

b) Somewhat representative of the average * *(Rural lower
demographics in the community income
community)

c) Selected group of users, for example nurses, Volunteers responding to advertisement of the study, low-risk sample
volunteers

d) No description of the derivation of the cohort
2) Selection of the non-exposed cohort

a) Drawn from the same community as the * * *
exposed cohort

b) Drawn from a different source

c) No description of the derivation of the
non-exposed cohort

3) Ascertainment of exposure
a) Secure record (eg, surgical records) *
b) Structured interview * *
c) Written self-report
d) No description
4) Demonstration that outcome of interest was not present at start of study®
a) Yes * * *
b) No
Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) Study controls for _exposure to tobacco_ * * *
b) Study controls for any additional factor * * *
Outcome
1) Assessment of outcome
a) Independent blind assessment * * *
b) Record linkage *
c) Self-report
d) No description
2) Was follow-up long enough for outcomes to occur?
a) Yes * *(5y) *(1-2y) " (3-4y) *(5-6y)  *(6y) *(6-9y) *(9-12y) *(9-12y) " (9-12y)
b) No
3) Adequacy of follow-up of cohorts
a) Complete follow-up—all subjects accounted for ~ * *
b) Subjects lost to follow-up unlikely to introduce * *(92)
bias—small number lost - >80% follow-up, or
description provided of those lost (%)

c) Follow-up rate <80% and no description of 71 70 73 67 77 77 77
those lost (%)

d) No statement

Total score: 8.5 7 7 7 7 8 7 7 7

IDEAL, Infant Development, Environment and Lifestyle study, New Zealand; MHPCD, Maternal Health Practices and Child Development Project,
Pennsylvania, USA; NJ/PA, Developmental effects of prenatal substance exposure study, New Jersey/Pennsylvania, USA; NMIHS, National Maternal

and Infant Health Survey, USA; OH, Prenatal cocaine exposure study, Ohio, USA; OPPS, Ottawa Prenatal Prospective Study, Canada.

O—Article’s standing in an assessment category, when no star is awarded.

*Article has met requirement to be awarded a star (1 score point).

2When all articles belonging to a single study received same score, the cells were combined to save space.

bStudy has met the requirement to be awarded the star, however, this information was not in the reviewed article, and was found in a different

publication that did not meet eligibility criteria for this review (.5 score point).

°As outcome of interest is affected cognitive development, all articles were awarded star for this question since all studies had enrolled participants at birth.
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10 11 12 13 14 15 16 17 18 19 20 21
MHPCD? NMIHS OH? NJ/PA? IDEAL
Day, Leech, Goldschmidt, Goldschmidt, Richardson, Goldschmidt, Faden, Noland, Noland, B tt Carmody, Chakraborty,
1994 1999 2008 2000 2001 2004 2000 2003 2005 2008 2011 2015
*(Lower income population) *(Lower income) *(Lower income
and
education)
Volunteers
* * * * *
* * * * *
“@By) 6y *(6y) *(10y) *(10y) *(10y) *(3y) *(4y) *(4y) *(4-9y) *(6-11y) 8(4.5y)
*(88)  *(80) *(85) *(83) *(83) *(83) *(83) *(80) *(80) *(97)
76 65
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TABLE 3 Scope of diagnostic tests and outcomes in the eligible studies

Diagnostic instrument

Bayley Scale of Infant
Development

Infant Behavior Record

Reynell Developmental
Language Scale

Denver Developmental
Scale

McCarthy Scales of
Children’s Abilities

SHARAPOVA ET AL.

Outcomes measured

Mental Development Index: sensory/
perceptual abilities, acquisition of object
constancy, memory, learning, problem-
solving, vocalisation and beginning of verbal
communication

Psychomotor Development Index: degree of
body control, large muscle coordination, finer
manipulatory skills of the hands and fingers,
dynamic movement, postural imitation and
the ability to recognise objects by sense of
touch (stereognosis)

Primary Cognition Composite Score: object
orientation, goal directedness, attention span,
reactivity and vocalisation

Extraversion Score: social orientation to the
examiner, cooperativeness, and general
emotional tone

Visual and auditory sensory systems

Comprehension
Expression
Gross motor development

Adaptive functioning, language and fine motor
development

General Cognitive Index (memory, verbal
development, perception and quantitative
abilities)

Motor performance score

Memory score

Verbal score

Quantitative score

Perceptual score

Reported associations
with prenatal
marijuana exposure °

No significant
associations

Positive association

No results reported

No associations

Negative association
No associations
Negative association

No associations

No associations
Negative association

No associations

Positive association in
moderately exposed
children compared to
unexposed and
heavily exposed

No associations

No associations
Negative association

No associations

No associations
Negative association

No associations

Negative association
No associations

No associations

No associations
Negative association

No associations

Age at

assessment

land2y

ly
2y

land2y

2y
2,3and4y
3y

3y
4y
4,5and 6y

3y

4,5and 6y

3y
4y
4,5and 6y

3y
4y
4,5and 6y

3y
4y
4,5and 6y

3y
4y
4,5and 6y

Article (Study, first
author, year)

OPPS, Fried, 1988

OPPS, Fried, 1988
OPPS, Fried, 1988

OPPS, Fried, 1988

OPPS, Fried, 1988
OPPS, Fried, 1988; 1990
NMIHS, Faden, 2000

OPPS, Fried, 1990
OPPS, Fried, 1990

Jamaica study, Hayes,
1991; OPPS, Fried, 1992

OPPS, Fried, 1990

OPPS, Fried, 1990; 1992;
Jamaica study, Hayes,
1991

OPPS, Fried, 1990
OPPS, Fried, 1990

Jamaica study, Hayes,
1991; OPPS, Fried, 1992

OPPS, Fried, 1990
OPPS, Fried, 1990

Jamaica study, Hayes,
1991; OPPS, Fried, 1992

OPPS, Fried, 1990
OPPS, Fried, 1990

Jamaica study, Hayes,
1991; OPPS, Fried, 1992

OPPS, Fried, 1990
OPPS, Fried, 1990

Jamaica study, Hayes,
1991; OPPS, Fried, 1992

(Continues)
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TABLE 3 (Continued)

Diagnostic instrument

McCarthy Scales of
Children’s Abilities
subset adapted for use
with children 3-12 y of
age, truncated.

Stanford-Binet
Intelligence Scale, 4 Ed

Wechsler Preschool and
Primary Scale of
Intelligence, Il

Finger sequencing task
adapted by Welsh for
use with children.

Pegboard test

Picture deletion task for
preschoolers-modified
(Corkum)

Outcomes measured

Category fluency (language development)

Composite score (1Q)

Short-term memory

Verbal reasoning

Quantitative reasoning

Abstract/visual reasoning

Verbal 1Q, attention

Motor planning

Manual dexterity and bimanual coordination

Attention

Reported associations

with prenatal
marijuana exposure °

No associations

Negative association

No associations

Not reported

Negative association

Negative association

No associations

Negative association

Negative association

No associations

Negative association

No associations

No associations

Negative association

Negative association

No associations

No associations

Not reported

No associations

No associations

No associations

Non-significant
negative association

Age at
assessment

4y

3y
4,6and 9y

6y
6y

3y
4,6and 9y

6y

3y
4,6and 9y

6y

3y
4,6and 9y

6y

3y
4,6and 9y

6y

4y

45y
4y

4y
4y
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Article (Study, first
author, year)

Prenatal cocaine exposure
study, Noland, 2003

MHPCD, Day, 1994

Developmental effects of
prenatal substance
exposure study, Bennett,
2008

MHPCD, Leech, 1999

MHPCD, Goldschmidt,
2008

MHPCD, Day, 1994

Developmental effects of
prenatal substance
exposure study, Bennett,
2008

MHPCD, Goldschmidt,
2008

MHPCD, Day, 1994

Developmental effects of
prenatal substance
exposure study, Bennett,
2008

MHPCD, Goldschmidt,
2008

MHPCD, Day, 1994

Developmental effects of
prenatal substance
exposure study, Bennett,
2008

MHPCD, Goldschmidt,
2008

MHPCD, Day, 1994

Developmental effects of
prenatal substance
exposure study, Bennett,
2008

MHPCD, Goldschmidt,
2008

Prenatal cocaine exposure
study, Noland, 2003;
2005

IDEAL, Chakraborty, 2015

Prenatal cocaine exposure
study, Noland, 2003

OPPS, Fried, 1990

Prenatal cocaine exposure
study, Noland, 2005

(Continues)
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TABLE 3 (Continued)

Diagnostic instrument

Tactile Form
Recognition Task

Tapping Inhibition (test
of frontal lobe
functioning (Luria)
adapted by Diamond
and Taylor for use with
children 3.5 through
7 y of age)

Peabody Picture
Vocabulary Test

Random Dot
Kinematograms

Conners
Parent Questionnaire

Gordon Diagnostic
System

Continuous
Performance Task

The Sentence Memory
Test

The Target Test

The Yale Child Study
Center Attention Task

Test of Visual-
Perceptual Skills

Trail Making Test

SHARAPOVA ET AL.

Outcomes measured

Stereognosis

Inhibitory control (Ability to override their
natural, habitual or dominant behavioural
response to a stimulus in order to implement
more adaptive goal-oriented behaviours)

Vocabulary

Global motor perception (higher level
processing in visual cortex)

Impulsivity hyperactivity

Hyperactivity index, learning problems and
psychosomatic problems

Anxiety, conduct problems

Sustained attention and self-control
Impulsivity

Errors of commission (impulsivity)

Errors of omission (inattentiveness)

Immediate auditory memory and auditory
attention for sentences

Visual-spatial memory

Attention and inhibitory control

Perceptual Quotient, Visual Discrimination,
Visual Sequential Memory

Visual Closure, Visual Figure Ground, Visual
Form Constancy, Visual Memory and Visual
Spatial Relations

Visual scanning, visuospatial sequencing,
attention, mental flexibility and motor
function

Reported associations
with prenatal
marijuana exposure °

No associations

No associations

Negative association

No associations

Positive association in
children who were not
prenatally exposed to
alcohol.

Non-significant
negative association

No associations

No associations

Non-significant
negative association

Negative association
Negative association

Not reported

Negative association

Not reported

Positive association

No associations

No associations

No associations

Non-significant
negative association

No associations

No associations

Non-significant
negative association

No associations

Age at
assessment

4y

4y

4y

5,6 and
9-12y

45y

6y

6-9y
6-9y

6-9y

6y
9-12y
4y

6and 10y

4y

6y
6y

6y

6,9, and
11y

6-9y

9-12y

6-9 and
9-12y

6-9y

912y

Article (Study, first
author, year)

OPPS, Fried, 1990

Prenatal cocaine exposure
study, Noland, 2003

OPPS, Fried, 1990
OPPS, Fried, 1992; 1997

IDEAL, Chakraborty, 2015

OPPS, Fried, 1992

OPPS, O’'Connell, 1991
OPPS, O'Connell, 1991

OPPS, O’Connell, 1991

OPPS, Fried, 1992
OPPS, Fried, 1998

Prenatal cocaine exposure
study, Noland, 2005

MHPCD, Leech, 1999;
Richardson, 2001

Prenatal cocaine exposure
study, Noland, 2005

MHPCD, Leech, 1999
OPPS, Fried, 1992

OPPS, Fried, 1992

Developmental effects of
prenatal substance
exposure study,
Carmody, 2011

OPPS, O'Connell, 1991

OPPS, Fried, 2000

OPPS, O'Connell, 1991;
Fried, 2000

OPPS, O'Connell, 1991

OPPS, Fried, 2000

(Continues)
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TABLE 3 (Continued)

Diagnostic instrument

Wide Range
Achievement
Test-revised

Knox Cube Test

Woodcock Reading
Mastery Test

Beery Developmental
Test of Visual Motor
Integration

Draw a man

Finger tapping

Stroop Interference

Test of Language
Development (Primary
syntax quotient score)

Auditory Working
Memory

Category Test
Fluency Test

Oral Cloze Task

Pseudoword Task

Seashore Rhythm Test

Tactile Performance
Task

Outcomes measured

Reading, arithmetic, spelling

Reading

Visual attention, visual memory and visual
sequencing

Passage comprehension

Visual motor integration (copy geometric
forms into a notepad)

Intelligence (score is based on detail,
proportion and coordination)

Motor control, speed and lateral coordination

Tests the ability to sort and selectively react to
information: for example, word “red” is
printed in green ink. The child must say loudly
the colour of the text and not the word.

Ability to generate acceptable sentences

Working memory

Problem-solving capacity

Verbal fluency (number of words starting with
“C” and “P” produced in 60 sec)

Ability to understand the basic grammatical
structure of English based on auditory
process

Reading and decoding abilities

Rhythm discrimination

Motor abilities and motor memory (blind-
folded, place wooden blocks into properly
shaped holes)

Reported associations
with prenatal
marijuana exposure °

No associations

Negative association

No associations

No associations

No associations

No significant
associations

No associations

No significant
associations

No significant
associations

Non-significant
negative association

Non-significant
negative association

Non-significant
negative association

Negative association

No associations

No associations

Non-significant
negative association
in children with
moderate exposure
compared to children
with no or heavy
exposure

No associations

No associations

Age at
assessment

6-9y
10y

6-9 and

9-12y

6-9 and
9-12y

6-9 and
9-12y
6-9y

9-12y
6-9y

6-9y

6-9y

6-9y

9-12y

9-12y
9-12y

9-12y

9-12y

9-12y
912y
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Article (Study, first
author, year)

OPPS, O’Connell, 1991

MHPCD, Goldschmidt,
2004

OPPS, O’'Connell, 1991;
Fried, 1997

OPPS, O'Connell, 1991;
Fried, 2000

OPPS, O'Connell, 1991;
Fried, 1997
OPPS, O'Connell, 1991

OPPS, Fried, 2000
OPPS, O'Connell, 1991

OPPS, O'Connell, 1991

OPPS, O'Connell, 1991

OPPS, O'Connell, 1991

OPPS, Fried, 1998

OPPS, Fried, 1998
OPPS, Fried, 1997; 1998

OPPS, Fried, 1997

OPPS, Fried, 1997

OPPS, Fried, 1997
OPPS, Fried, 1998

(Continues)
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TABLE 3 (Continued)

Diagnostic instrument

Wechsler Intelligence
Scale for Children, 3rd
ed.

Child Behavior
Checklist

Severe discrepancy
between ability
(Stanford-Binet
Intelligence Scale,
4ed.)

Swanson, Noland, and
Pelham Assessment

Teacher’s Report Form

Teacher’s assessment of
the child in language
arts, history, math, and
science

Peabody Individual
Achievement
Test-revised

SHARAPOVA ET AL.

Outcomes measured

Full-scale 1Q

Information

Verbal IQ, Verbal Comprehension Index

Similarities, Vocabulary

Performance IQ

Arithmetic, Processing Speed Index

Freedom from Distractibility Index

Coding (discrimination and memory of visual
symbols); Symbol Search (visual scanning) and

Digit Span (memory)
Comprehension

Mazes (rudimentary planning)

Perceptual Organization Index (a summary

index of picture completion, picture
arrangement, block design, and object
assembly)

Object Assembly
Block Design

Picture Arrangement
Picture Completion

Attention problems

Underachieving

Impulsivity, hyperactivity, inattention
symptoms

Attention problems

Educational performance

Reading comprehension

Reported associations
with prenatal
marijuana exposure ?

No associations

No associations

Non-significant
negative association

No associations

No associations

No associations

No associations

No associations
No associations
Negative association
Negative association

No associations

No association

Negative association

Negative association
Negative association
No associations
No associations

No associations

Negative association

Negative association

No associations

Negative association

Negative association

Age at
assessment

6-9 and
9-12y

9-12y
912y

6-9 and
9-12y

9-12y

6-9 and
9-12y

9-12y

6-9 and
9-12y

9-12y

9-12y
9-12y
9-12y

6-9 and
9-12y

9-12y

10y

10y

10y

10y

Article (Study, first
author, year)

OPPS, O'Connell, 1991;
Fried, 1997; 1998; 2000

OPPS, Fried, 1997
OPPS, Fried, 1998

OPPS, O’Connell, 1991;
Fried, 1997; 1998

OPPS, Fried, 1997; 1998

OPPS, O'Connell, 1991;
Fried, 1998

OPPS, Fried, 1998

OPPS, O'Connell, 1991;
Fried, 1998; 2000

OPPS, Fried, 1998; 2000

OPPS, Fried, 1998
OPPS, Fried, 1998
OPPS, Fried, 2000

OPPS, O'Connell, 1991;
Fried, 1998

OPPS, Fried, 2000

OPPS, Fried, 1998; 2000
OPPS, Fried, 1998; 2000
OPPS, Fried, 1998; 2000
OPPS, Fried, 1998; 2000

MHPCD, Goldschmidt,
2000

MHPCD, Goldschmidt,
2004

MHPCD, Goldschmidt,
2000

MHPCD, Goldschmidt,
2000

MHPCD, Goldschmidt,
2004

MHPCD, Goldschmidt,
2004

(Continues)
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TABLE 3 (Continued)

Diagnostic instrument Outcomes measured

Wide Range
Assessment of
Memory and Learning

Design memory, screening index

Story memory, verbal learning
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Reported associations

with prenatal Age at Article (Study, first

marijuana exposure ? assessment author, year)

Negative association 10y MHPCD, Richardson,
2001

No association 10y MHPCD, Richardson,
2001

¥Negative associations were defined as statistically significant association in analyses adjusted for potential confounders between prenatal marijuana
exposure and diminished neuropsychological function, for example lower scores on reading comprehension or memory; or higher scores on errors,
impulsivity, inattention, or underachievement (P < 0.05), regardless of the trimester of exposure. Positive associations were defined as statistically
significant associations in adjusted analyses between prenatal marijuana exposure and enhanced neuropsychological function, for example higher
scores on reading comprehension or memory; or lower scores on errors, impulsivity, inattention, or underachievement (P < 0.05), regardless of the
trimester of exposure. Non-significant negative and positive associations were defined as statistically significant negative or positive associations
found in bivariate analyses but not in adjusted analyses (P = 0.05). No association—the analyses did not find associations between prenatal marijuana
exposure and neuropsychological functions in bivariate and adjusted analyses.

and deficits in reading comprehension and underachievement, all at
age 10 years (P < 0.05).¢ A similar analysis by Richardson and col-
leagues®’ suggested that prenatal marijuana exposure was associ-
ated with increased impulsivity in 10-year-olds based on continuous

performance task.

3.3 | Prenatal cocaine exposure study

Two eligible articles used data from a longitudinal prospective
study of the developmental effects of prenatal cocaine exposure
conducted in Ohio (Tables 1-3).°%>° Study participants were pa-
tients of a large urban hospital who had clinical indications of il-
licit drug use and had no private health insurance. At age 4 years,
there was no relationship between prenatal marijuana exposure
and performance on the tapping inhibition test, a measure of abil-
ity to resist acting impulsively;f’8 however, heavier prenatal mari-
juana use was associated with lower ability to maintain sustained
attention.>’

3.4 | Developmental effects of prenatal substance
exposure study

Two articles reported on results of the study of developmental ef-
fects of prenatal substance exposure with the focus on maternal
cocaine use. This study recruited women from hospital-based pre-
natal clinics or hospitals in Trenton, NJ, or at the Medical College of
Pennsylvania Hospital in Philadelphia, PA (Tables 1-3).°%%! Neither
article found statistically significant associations between mari-
juana exposure and child 1Q, attention or impulsivity at ages 6, 9 and

11 years.%¢!

3.5 | Jamaica study

One article examined data from a longitudinal study of children born
to mothers living in rural areas of Jamaica and having low income.

The women were recruited through fieldwork with the assistance

of nurses from the Jamaican Ministry of Health antepartum clin-
ics (Tables 1-3).6% This study differed from the others as marijuana
use was not confounded by use of other substances. In a sample
of 4- and 5-year-olds, Hayes and t:olleagues62 found no associa-
tion between prenatal marijuana exposure and McCarthy Scales of
Children’s Abilities scores measuring 1Q, memory, verbal develop-

ment, perception and quantitative abilities.

3.6 | National maternal and infant health survey

One article by Faden and colleagues analysed data from NMIHS.®
This longitudinal follow-up survey was conducted by the Centers for
Disease Control and Prevention. The survey sampled participants
from live births occurring in 1988, based on race and/or birthweight
strata, to look at poor pregnancy outcomes.®* Women from the
1988 survey were re-contacted and interviewed in 1991. Faden’s
study differed from the others included in this review as child out-
come was determined by self-report from the mothers via detailed
questionnaires mailed after the birth and when the child reached
age 3 years rather than by direct assessment (Tables 1-3).%° Prenatal
marijuana use was associated with increased fear, poorer gross
motor development and shorter length of play at age 3 years, which

impeded overall ability to get along with peers.%3

3.7 | Infant development, environment and lifestyle
(IDEAL) study

IDEAL is a prospective, controlled longitudinal study of prenatal
methamphetamine exposure from birth to 36 months, conducted in
the United States and New Zealand (Tables 1-3).> Independent and
hospital-based midwives recruited mothers. Among 4.5-year-olds
from the New Zealand study population, prenatal marijuana expo-
sure was found to be associated with improved global motion per-
ception compared to non-exposed children (P = 0.001).%¢ Global
motion perception is ability to recognise speed and direction of mov-
ing objects and is linked to cognitive skills and social competence.®’
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4 | COMMENT

4.1 | Principal findings

Among the 21 reports completed from seven longitudinal studies,
results varied on the association between prenatal marijuana expo-
sure and child’s neuropsychological functioning. Several analyses
found statistically significant associations between prenatal mari-
juana exposure and both decreased and increased neuropsychologi-
cal functions, while others found no significant associations. These
findings indicate that the specific effects of prenatal marijuana ex-
posure remain unclear. However, while more research is warranted
to clarify the specific effects of prenatal marijuana exposure, there
were more instances of negative than positive associations among
the articles, suggesting that exposure to marijuana may be harmful
to neuropsychological functioning.'82?

The analyses that found positive associations suggested im-
proved aspects of attention and perceptive abilities in exposed chil-
dren aged 1-6 years. While the positive findings were statistically
significant, it is important to note that cognitive testing on children
aged <5 years is typically not as reliable as testing performed when
children are older and better able to communicate and understand
the tasks presented to them.®®¢? In contrast, the significant nega-
tive associations were mostly drawn from testing of children over
6 years old, and the majority of studies without statistically signifi-
cant results still showed decrease in neuropsychological functions.
These results suggest some potential adverse effects of prenatal
marijuana exposure on attention and perceptive abilities, in addition
to decreased general cognitive function, memory, impulse control,

1Q and reading comprehension especially in children aged >6 years.

4.2 | Strengths of the study

While the majority of data on prenatal marijuana exposure and neu-
ropsychological outcomes in children come from only a few longi-
tudinal studies, they are methodologically sound, with standardised
outcome assessment, and high response and participant retention
rates. 4463667971 Each study provides some higher level measure
of the marijuana exposure: as average marijuana use per day/week
(MHPCD, NMIHS and developmental effects of prenatal exposure
study) or smoking frequency (OPPS, prenatal cocaine study and
IDEAL). One study additionally provided timing of the exposure by
trimester of pregnancy (MHPCD). These measures allowed distinc-
tion of a dose-response relationship of marijuana use. Heavy mari-
juana use had stronger associations and larger effect sizes compared

to moderate and light use.*>>3°°

4.3 | Limitations of the data

However, despite these strengths, all of the studies used in this
review were subject to several limitations. First, concurrent use of
other substances was present among study participants, except the
single Jamaican study of participants who used marijuana almost ex-

cIusiverf"z'72 Tobacco and alcohol were the most frequent. Prenatal

nicotine exposure is a known determinant of negative health out-
comes for children and tends to be a significant confounder for mari-
juana research.®”7° Smoking tobacco during pregnancy can cause
tissue damage affecting foetal brain development and has been as-
sociated with negative behavioural and cognitive outcomes through-
out the lifetime, including conduct disorder, attention-deficit/
hyperactivity disorder, poor academic achievement and cognitive
impa\irment.m’77 Alcohol use may also be a source of confounding
in this research, as foetal alcohol spectrum disorders (FASDs) can
cause a variety of physical and cognitive impairments.”® Prenatal
alcohol exposure is associated with deficits in memory, attention
span, verbal learning, motor function and a lower overall IQ.79 The
prenatal cocaine exposure study and the developmental effects
of prenatal substance exposure study examined concurrent use of
cocaine, and the IDEAL study examined methamphetamine. Only
three articles reported that self-reported drug use was confirmed
by toxicology tests.”®>7%1 While all of the articles in the review at-
tempted to control for other substances use in their analyses, varia-
tion in measurements of other substance exposures, such as tobacco
use, may skew outcomes attributable to marijuana, and statistical
controls might not account for all potential confounding of the other
substances since the interactive effects of exposures to different or
multiple substances are not fully understood.

A second limitation is not controlling for postnatal maternal
marijuana use and thus potentially mixing effects of prenatal and
postnatal exposures. Only 6 of the reviewed articles explicitly stated
adjusting analyses for postnatal maternal marijuana use.°0:345%:58:59
Five more articles listed postnatal maternal marijuana use as a po-
tential confounder that did not meet requirements for inclusion into
final analytic models.>*>3°¢57 However, in future research postnatal
maternal marijuana use might be better conceptualised as a medi-
ator rather than a confounder. Temporal and causal relationships
between prenatal and postnatal maternal marijuana use prenatally
and neuropsychological functioning in children are plausible for me-
diation conceptualisation.

A third limitation is the potential for bias arising from sample
selection and response. For example, the MHPCD study consisted
of mostly low-income women and the OPPS study consisted of a
low-risk predominantly middle-class sample. Moreover, with the
exception of NIMS, no samples were representative of the general
US population. Additionally, the pregnancies took place when recre-
ational use was illegal and medicinal use was illegal in the locations
of data collection, thus potentially resulting in under-reporting.

A fourth limitation is publication bias due to possible selective
publication of results. More specifically, comparability of the test re-
sults is limited by several factors, including the fact that tests were
administered selectively utilising subscales and adaptations in dif-
ferent age groups, and test results were not reported in a consistent
manner. Moreover, at least three studies conducted WISC; however,
not all presented the results of this particular test in association with
marijuana exposure. Publishing WISC measures from all or most of
the analyses would have allowed for an individual patient data (IPD)

meta-analysis. Employing IPD meta-analysis would have enabled
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researchers to more reliably compare individual outcomes of pre-
natal marijuana exposure across the different studies, independent
of the specific intent of the 21 published works.®° Finally, we were
unable to conduct a formal assessment of publication bias due to the
heterogeneity of the data. However, as with any systematic review,
issues of publication bias may have influenced the results and led
to overestimates of effect. Although we allowed for the inclusion
of non-peer-reviewed papers, none met the inclusion criteria. The
results are thus reflective of the published literature.

Finally, there are additional concerns about the reported growing
potency of marijuana and increasing variety of marijuana products
and modes of administration that may potentially increase the se-

verity of dependence and have stronger effects on the brain.88*

4.4 | Interpretation of findings

When interpreting the findings of this review, it is important to note
that neuropsychological functioning is a multidimensional construct.
The children in our review were tested at a wide variety of ages.
Testing at different ages changes the tools available to measure
ability, as younger children will not be able to complete the same
tasks that older children can. While there are some effects of pre-
natal marijuana exposure on neuropsychological functions in chil-
dren, one has to exercise caution interpreting these effects. On one
hand, though cognitive function effects due to prenatal marijuana
exposure may be small in magnitude and often are not statistically
significant, they may still have a significant impact on social out-
comes for an individual in later life.8>8¢ Thus, it is important to fully
understand the risks of exposure in the light of the changing cul-
ture and political climate surrounding marijuana. On the other hand,
additional factors, including genetics, maternal cognitive abilities,®’
medical conditions, such as preterm birth or nutritional deficits, and
environmental influences, such as parenting, preschool attendance
or lead exposure, may influence the detectable effects of prenatal

marijuana exposure.>®%2

5 | CONCLUSIONS

This systematic review suggests possible negative associations
between prenatal marijuana exposure and neuropsychological
functions, such as attention, memory and impulse control in older
children. However, the available literature shows mixed results
and does not allow us to confidently exclude other explanations,
including confounding and publication bias. More mixed results
were found for the association with prenatal marijuana exposure
and language development, reading and composite 1Q scores. More
complete reporting of the findings made by existing studies could
facilitate data accumulation and meta-analyses, allowing for a more
robust assessment of these associations. More recent data captur-
ing the effects of marijuana in the absence of polysubstance use and

changing dynamics in use could also be beneficial. While data are
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beginning to accumulate, educating the public about potential dan-

gers of marijuana use during pregnancy is warranted.
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