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Table S1- Descriptive Summary of Clinical and Pre-clinical Studies on Outcomes of Prenatal Cannabis Exposure Discussed in Review 

Clinical Studies 

Study Cohort Fetal & Neonatal 

Outcomes 

Cognitive Outcomes Neuropsychiatric 

Outcomes 

Sleep Outcomes 

(Conner et al., 

2016) 

Meta-Analysis  

(31 studies) 

No effects when 

controlling for 

tobacco use 

N/A N/A N/A 

(Gunn et al., 2016) Meta-Analysis  

(24 studies) 

↓ BW 

↑ NICU Admission 

N/A N/A N/A 

(Singh et al., 

2020) 

Scoping Review 

(41 studies) 

↓ BW in 3/7 studies 

↑ NICU Admission 

in 4/6 studies 

↑ PTD in 3/9 studies 

↑ SGA in 5/10 

studies 

N/A N/A N/A 

(English et al., 

1997) 

Meta-Analysis  

(5 studies) 

↓ BW 

 

N/A N/A N/A 

(Bailey et al., 

2020) 

2 Cohorts 

(Appalachian, 

Rocky 

Mountain) 

(N=1,062) 

↓ BW 

↑ PTD 

↑ NICU Admission 

↓ Apgar score 

N/A N/A N/A 

(Kharbanda et al., 

2020) 

Large health 

system database 

(N=3,435) 

↑ SGA 

No effect on PTD or 

BW 

↑ Abnormal 12-month ASQ-

SE 

N/A N/A 

(Nawa et al., 

2020) 

Boston Birth 

Cohort (N= 

8,261) 

↓ GA N/A N/A N/A 

(Carter et al., 

2016) 

Cape Coloured 

(mixed ancestry) 

pregnant women 

(N=103) 

↑ Placental Weight N/A N/A N/A 



(Ortigosa et al., 

2012) 

Satellite of 

Meconium 

Project (N=225) 

↑ Diameter of 

umbilical vessels 

N/A N/A N/A 

(Fried, 1980;Fried 

and Watkinson, 

1988;Fried et al., 

1998;Smith et al., 

2006;Smith et al., 

2016) 

The Ottawa 

Prenatal 

Prospective 

Study (OPPS) 

(N=698) 

↓ GA ↓ Memory (4 yo) 

↓ Verbal scores (4 yo) 

↓ Attention (6 yo) 

↑ Hyperactivity (6 yo) 

↑ Impulsivity (6, 9-12 yo) 

↓ Visual perception (9-12 yo) 

↓ Concentration (13-16 yo) 

↓ Visual memory (13-16 yo) 

↓ Verbal reasoning (13-16 yo) 

↓ Medial, dorsolateral, 

ventrolateral PFC activity 

during working memory 

(fMRI; young adult) 

↑ Left medial PFC activity 

during working memory 

(fMRI; young adult)  

↓ Response 

inhibition (18-22 

yo) 

↑ Neuronal activity 

in bilateral PFC 

during response 

inhibition (fMRI; 

young adult) 

N/A 

(Scher et al., 

1988;Day et al., 

1991;Dahl et al., 

1995;Goldschmidt 

et al., 2004) 

The Maternal 

Health Practices 

and Child 

Development 

Study (MHPCD) 

(N=1,360) 

↓ Birth length 

↑ BW 

↓ Mental (9 mos) 

Development  

↓ BSID scores (9 mos) 

↓ Verbal reasoning (3 yo) 

↓ Short-term memory (3, 6 yo) 

↓ Verbal reasoning (6 yo) 

↓ Quantitative reasoning (6 yo) 

↑ Impulsivity (6, 10 yo) 

↑ Hyperactivity (6, 10 yo) 

↓ IQ score (6, 10 yo) 

↓ Abstract reasoning (10 yo) 

↓ Concentration (6, 10 yo) 

↓ Visual reasoning (10 yo) 

↓ Learning and memory (10 

yo) 

↑ Depression (10 

yo) 

↓ Internalization (10 

yo) 

↑ Externalization 

(10 yo) 

 

↑ Motility & 

disruptions in sleep 

and arousal (EEG; 

neonatal) 

↓ Sleep efficiency 

(EEG; 3 yo) 

↑ Nocturnal arousals 

(EEG; 3 yo) 

↑ Wake-time after 

sleep onset (EEG; 3 

yo) 



(El Marroun et al., 

2009;Jaddoe et al., 

2012;Bolhuis et 

al., 2018;El 

Marroun et al., 

2019) 

Subset of The 

Generation R 

Study (GenR) 

(N= 9,778) 

↓BW ↓ Attention (18 mos) 

↑ Aggression (F only) (18 

mos) 

↑ PLEs (10 yo)  

↑ Externalizing 

Problems (7-10 yo) 

No effect on 

internalizing 

problems 

N/A 

(Fine et al., 

2019;Paul et al., 

2020;Winiger and 

Hewitt, 2020) 

Adolescent Brain 

Cognitive 

Development 

(ABCD) Study 

(N=11,875) 

↓BW ↓ Attention score (CBCL) (9-

11 yo) 

↓Thought score (CBCL) (9-11 

yo) 

↓Social score (CBCL) (9-11 

yo) 

↑ PLEs (9-11 yo)  

↑Psychosis 

proneness 

(Prodromal 

Questionnaire–Brief 

Child Version total 

score) (9-11 yo) 

↑ Externalizing 

Problems (9-11 yo) 

↑ Internalizing 

Problems (9-11 yo) 

↑ Disorders of 

initiating and 

maintaining sleep 

↑ Disorders of arousal 

↑ Sleep wake 

disorders 

↑ Disorders of 

excessive somnolence 

↑ Summed sleep 

disorder score (SDSC) 

(Corsi et al., 2020) Provincial birth 

registry (Ontario 

Canada, 2007-

2012) 

(N=503,065) 

N/A ↑ Intellectual disability & 

learning disorders (diagnosed 

after 4 yo) 

↑ Incidence of ASD 

(diagnosed after 18 

mos) 

N/A 

(Wang et al., 

2004) 

Human fetal 

specimens 

N/A N/A ↓ D2 expression in 

the amygdala basal 

nucleus 

N/A 

(Eiden et al., 

2020) 

Prenatal clinics 

(N=238) 

↓BW 

No effect on PTD 

N/A ↓ Cortisol response 

to stressors, esp. in 

M (cannabis + 

tobacco co-exposed) 

(2-36 mos) 

N/A 

(Stroud et al., 

2020) 

The Behavior 

and Mood in 

Babies and 

Mothers (BAM 

BAM) study 

(N=111) 

No effect on GA, 

SGA, or Apgar 

score 

N/A ↓ Cortisol response 

to stressors, esp. in 

M (cannabis + 

tobacco co-exposed) 

(1 mos) 

N/A 



Preclinical Studies 

Study Organism & 

Sex Studied 

Drug Dose 

& Duration 

Fetal & 

Neonatal 

Outcomes 

Placental 

Outcomes 

Metabolic 

Outcomes 

Neuronal & 

Cognitive 

Outcomes 

Neuro-

psychiatric 

Outcomes 

(Benevenuto 

et al., 2017) 

Mice 

M & F 

200 mg 

Cannabis 

sativa 

5 min 

inhalation/day 

GD 5.5–17.5 

↓ BW 

 

↑ Placental 

Weight 

↓ 

Fetal:placental 

weight (M) 

N/A N/A N/A 

(Chang et al., 

2017) 

Mice 

N/A 
△9–THC 

5 mg/kg/day 

(i.p.) 

GD 5.5–18.5 

↓ BW 

↓ Litter size 

↓ Trophoblast  

motility 

↑ Diameters of 

trophoblastic 

septa 

↓ Number of 

glycogen cells 

in junctional 

zone 

N/A N/A N/A 

(Natale et al., 

2020) 

Rats 

M & F 

△9–THC 

3 mg/kg/day 

(i.p.) 

GD 6.5–22 

↓ BW 

↓ Liver:BW 

↓ Brain:BW 

 

↑ Placental 

Weight 

↓ 

Fetal:placental 

weight (M) 

↑Placental 

labyrinth area 

↓ Epcam 

expression 

↓ Fetal blood 

space 

↑ Pericytes 

recruitment  

↓ Labyrinth 

trophoblast 

GLUT1 & GR 

N/A N/A N/A 



(Costa et al., 

2015) 

Cultured human 

cytotrophoblasts 
△9–THC 

1-75 µM 

N/A ↓ Trophoblast 

remodeling 

N/A N/A N/A 

(Gillies et al., 

2020) 

Rats 

M & F 
△9–THC 

3 mg/kg/day 

(i.p.) 

GD 6–22 

↓ BW 

 

 ↓ Pancreas 

weight  

↑ Glucose 

intolerance 

(at 5 mos; F) 

↓ Pancreatic 

total and 

small islet 

density (at 

PND21 & 5 

mos; F) 

↓ β-cell mass 

(at 5 mos; F) 

N/A N/A 

(Athanasiou 

et al., 2007) 

Rat heart 

mitochondria 
△9–THC 

0-200 µM 

 

N/A N/A ↓ Oxygen 

consumption 

& membrane 

potential of 

heart 

mitochondria 

N/A N/A 

(Fišar et al., 

2014) 

Pig brain cortex 

mitochondria 

△9–THC 

0-200 µM 

N/A N/A ↓ 

Mitochondria 

respiratory 

rate 

N/A N/A 

(Jimenez-

Blasco et al., 

2020) 

Mouse (CB1 

knockout) 

M 

△9–THC 

10 mg/kg 

challenge 

(i.p.) 

24h prior to 

experiment 

N/A N/A ↓ Brain 

glucose to 

lactate 

conversion 

No effect on 

prepulse 

inhibition, OFT, 

or EPM 

N/A 

(Lojpur et al., 

2019) 

Human BeWo 

trophoblasts 

△9–THC 

3-30 µM 

N/A N/A ↓ 

Mitochondria 

respiration 

↑ ER stress 

N/A N/A 



(Breit et al., 

2020) 

Rats 

M & F 
△9–THC 

30 min 

Inhalation/day 

(100 mg/mL 

at 2 L/min 

airflow) 

GD 5–20 

No effect on 

BW  

N/A ↓ Body 

weight at 

PND30 

N/A N/A 

(Miranda et 

al., 2020) 

Human induced 

pluripotent stem 

cells (hiPSC) 

△9–THC 

10 µM 

CBD 

10 µM 

N/A N/A N/A △9–THC: 

Precocious 

neuronal and 

glial 

differentiation 

Abnormal 

functioning of 

voltage-gated 

calcium channels 

CBD: neurotoxic 

effects  

N/A 

(Tortoriello et 

al., 2014) 

Mice 

M 

△9–THC 

3 mg/kg/day 

(i.p.) 

GD 5.5–17.5 

N/A N/A N/A ↓ Fetal cortical 

and hippocampal 

connectivity 

N/A 

(Vargish et 

al., 2017) 

Mice 

M 
△9–THC 

5 mg/kg/day 

(i.p.) 

GD 10.5–18.5 

N/A N/A N/A ↓ 

cholecystokinin 

interneurons in 

the hippocampus 

N/A 

(Mereu et al., 

2003) 

Rats 

M 

WIN (CB1R 

agonist) 

0.5 mg/kg/day 

(s.c.) 

GD 5–20 

N/A N/A N/A ↓ Long-term 

memory (passive 

avoidance task) 

↓ LTP & 

Glutamate 

release in 

hippocampus 

N/A 

(Antonelli et 

al., 2004) 

Rats 

M 

WIN (CB1R 

agonist) 

N/A N/A N/A ↓ Glutamate 

release in PFC 

N/A 



0.5 mg/kg/day 

(s.c.) 

GD 5–20 

(Antonelli et 

al., 2005) 

Rats 

M 

WIN (CB1R 

agonist) 

0.5 mg/kg/day 

(s.c.) 

GD 5–20 

N/A N/A N/A ↓ Learning 

(homing 

behaviour & 

active avoidance 

task) 

↓ Glutamate 

release in 

cortical cell 

cultures 

↓ Cortical 

neuronal 

population 

↓ Emotional 

Reactivity 

(separation-

induced ultrasonic 

emission) 

(Campolongo 

et al., 2007) 

Rats 

M 
△9–THC 

5 mg/kg/day 

(p.o.) 

GD 15 – PND 

9 

No effect on 

BW 

N/A N/A ↓ Glutamate & 

norepinephrine 

in PFC 

↓ Long-term 

memory 

(inhibitory 

avoidance task) 

↓ Short-term 

olfactory 

memory (social 

discrimination 

task) 

N/A 

(Silva et al., 

2012) 

Rats 

M & F 
△9–THC 
0.15 

mg/kg/day 

(i.v.) 

GD 1–21 

No effect on 

BW 

N/A N/A ↓ Long-term 

memory (passive 

avoidance task) 

↓ Spatial 

working memory 

(active place 

avoidance task) 

(M only) 

↓ Locomotor 

response to 

amphetamine 



↓ Attention 

(attention task) 

(Beggiato et 

al., 2017) 

Rats 

M 
△9–THC 

5 mg/kg/day 

(p.o.) 

GD 15 – PND 

9 

No effect on 

BW 

N/A N/A ↓ GABA 

outflow and 

uptake in 

hippocampus 

slices 

 

N/A 

(Beggiato et 

al., 2020) 

Rats 

M 

△9–THC 

5 mg/kg/day 

(p.o.) 

GD 5–20 

N/A N/A N/A ↓ Short-term 

memory (Y-

maze) 

↑ Kynurenine in 

PFC 

↓ Glutamate in 

PFC 

N/A 

(Castaldo et 

al., 2007) 

Rats 

M 
△9–THC 

5 mg/kg/day 

(i.p.) 

WIN (CB1R 

agonist) 

0.5 mg/kg/day 

(p.o.) 

GD 5–20 

N/A N/A N/A ↓ Glutamate in 

PFC (△9–THC 

& WIN) 

↑ GLT1 & 

EAAC1 in PFC 

(WIN only) 

N/A 

(Castaldo et 

al., 2010) 

Rats 

M 

△9–THC 

5 mg/kg/day 

(p.o.) 

GD 15 – PND 

9 

N/A N/A N/A ↓ Glutamate 

outflow and 

uptake in 

hippocampus 

slices 

↓ GLUT1 & 

GLAST in 

hippocampal 

slices 

N/A 

(Rubio et al., 

1995) 

Rats  

M & F 
△9–THC 

5 mg/kg/day 

(p.o.) 

N/A N/A N/A N/A ↑ Preference for 

morphine (place 

preference test), 

esp. in M 



GD 5 – PND 

24 

↑ Hypothalamic 

CRF & plasma 

CORT (F) 

↓ Hypothalamic 

CRF & plasma 

CORT (M) 

(Trezza et al., 

2008) 

Rats 

M 

△9–THC 

5 mg/kg/day 

(p.o.) 

GD 15 – PND 

9 

No effect on 

BW 

N/A N/A N/A ↑ Ultrasonic 

vocalizations 

↑ Anxiety-like 

behaviour (EPM) 

↓ Play behaviour 

and social 

interaction 

(Newsom and 

Kelly, 2008) 

Rats 

M 

△9–THC 

2 mg/kg/day 

(s.c.) 

GD 1–22 

PND 2–10 

No effect on 

BW 

N/A N/A N/A ↑ Anxiety-like 

behaviour (OFT) 

↑ Social 

interaction 

(Vela et al., 

1998) 

Rats 

M & F 

△9–THC 

5 mg/kg/day 

(p.o.) 

GD 5 – PND 

24 

N/A N/A N/A N/A ↑ Morphine self-

administration (F) 

↑ µ opioid 

receptor density in 

mesocorticolimbic 

brain regions (F) 

(Moreno et 

al., 2003) 

Rats 

M & F 
△9–THC 

0.1-2 

mg/kg/day 

(p.o.) 

GD 5 – PND 

24 

N/A N/A N/A N/A ↑ Locomotor 

response to 

morphine, esp. in 

M 

 

Summary of clinical and preclinical studies discussed in this review. Clinical studies discussed independently in the text that were also part of one 

or more of the meta-analyses or reviews are not independently highlighted in this table as they are already imbedded in the summary of the meta-

analyse or review in which they are included. Only reviews that included a synthesis of studies (qualitative or quantitative) are included in this 

table. △9–THC: (-)-△9– tetrahydrocannabinol; ASD: autism spectrum disorder; ASQ-SE: Ages and Stages: Social–Emotional Questionnaire; 



BSID: Bayley Scales of Infant Development; BW: birth weight; CBCL: Child Behavior Checklist; CBD: cannabidiol; CORT: corticosterone; 

CRF: corticotropin releasing factor; D2: dopamine receptor subtype D2; EAAC1: excitatory amino acid carrier 1; EEG: electroencephalogram; 

EPM: elevated plus maze; ER: endoplasmic reticulum; F: female; fMRI: functional magnetic resonance imaging; GA: gestational age; GABA: γ-

aminobutyric acid; GD: gestational day; GLAST: glutamate/aspartate transporter; GLUT1; glutamate transporter 1; GR: glucocorticoid receptor; 

i.p.: intraperitoneal; LTP: long-term potentiation; M: male; NICU: neonatal intensive care unit; OFT: open field test; PFC: prefrontal cortex; PLEs: 

psychosis-like events; PND: postnatal day; p.o.: per os (oral); PTD: preterm delivery; s.c.: subcutaneous; SDSC: Sleep Disturbance Scale for 

Children; SGA: small for gestational age. Result summaries for OPPS, MHPCD, and GenR cohorts adapted from McLemore & Richardson, 2016. 
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