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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 ANDMEASURES The primary outcomewas preterm birth before 37weeks’

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 regressionmodels

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, themean gestational age was 39.3 weeks and 51% of

infants were male. Mothers had amean age of 30.4 years and 9427 (1.4%) reported cannabis

use during pregnancy. Imbalance in measuredmaternal 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 womenwho 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 thematched 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 commonlyusedduringpregnancy, and in the

United States, the prevalence was 7% in 2016 based on

self-reportsandtoxicology.1 InCanada,datasuggest that

theprevalenceofcannabisusehas increasedamongyoungmen

and women aged 15 to 24 years from 21.6% to 26.9% between

2011and2017,2andamongpregnantwomenaged15 to24years

from 4.9% to 6.5% between 2012 and 2017.3Overall, cannabis

use during pregnancywas reported by about 2%amongmoth-

ers in Ontario, Canada, in 2017.3 With recent legalization in

CanadaandtheUnitedStates, coupledwithevidenceof thepo-

tentialmedicalbenefitsof thecannabinoidscannabidiolandtet-

rahydrocannabinol (THC), it isanticipatedthatcannabisusemay

further increase including among pregnant women.4,5

Cannabinoids can readily cross theplacenta andenter 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 comparedwith infantswhosemothersdidnotuse

cannabis.8-10Previous studieshavevaried inmethodologyand

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-

nabisuse tobe independentlyassociatedwith lowbirthweight

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

fromtheOttawaHealthScienceNetworkResearchEthicsBoard

and theChildren’sHospital of EasternOntario. Under the Per-

sonalHealth InformationProtectionAct,2004,Ontario’sBetter

OutcomesRegistry&Network (BORN) cancollect anduseper-

sonalhealth informationwithout consent for facilitatingor im-

proving health care.

Study Population and Data Source

BORNOntariocapturesall birthsoccurring in theprovince, rep-

resentingabout40%ofbirths inCanada.13Theroutinedatacol-

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 fromperinatal records, clinical forms, andpatient in-

terviews when a woman is admitted to hospital to give birth.

Data quality audits have indicatedhigh 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

womenof at least 15 years of agewhodelivered a singleton in-

fant at a gestational ageof 20weeksormore in anOntariohos-

pital between April 1, 2012, and December 31, 2017.

Exposure

Maternal exposure tocannabis inpregnancywas recordeddur-

ing routine prenatal care formothers. A standardized perina-

tal record is completed for all pregnant womenwith their ob-

stetrician, family physician, or midwife. At the first prenatal

visit,womenare explicitly asked about substanceuse inpreg-

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

Theprimaryoutcomewaspretermbirth at less than37weeks’

gestation. Preterm birth is one of the most important indica-

torsofperinatalhealth,14andamajor risk factor for infantmor-

bidity andmortality.15Prespecifiedbinary indicatorswerede-

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 outcomeswere incidence of pre-

eclampsia, gestational diabetes, andmode of delivery (cesar-

ean, operative vaginal vs spontaneous vaginal). Neonatal

outcomes included transfer toneonatal intensivecareunit 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 andmaternal, 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 theamountofmissingdatawas small (5%for can-

nabis exposure informationand7%forother covariatesorout-

comes), no imputation was conducted. Rather than exclud-

ing additional observations due to missing BMI (11.8% of the

cohort), theseobservationswere retained in thematchingpro-

cedure as a separate category. Parity; antenatal care by family

physician,obstetrician,ormidwife;yearofbirth; tobaccosmok-

ing; alcohol use; use of selective serotonin reuptake inhibi-

tors; opioid use; use of other drugs (including cocaine,meth-

amphetamines); andmaternalmental health conditionswere

included as potential confounders. Substanceuse 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 standardizedmean differences

(SMDs). SMDs are a comparison of means of the covariates

across reportedcannabisusersandnonusers,presented inunits

of the pooled standard deviation.19 Unlike conventional sta-

tistical tests, the standardized difference is not influenced by

sample size; standardizeddifferencesofgreater than10%were

considered indicativeofameaningfuldifferenceacrossgroups.

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-

anceestimators23,24 toestimate riskdifferences (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 outcomeswith the

advantage of directly estimating the RR or RD.25Associations

were reportedwith 95%CIs.We used 2-sided tests of statisti-

cal significancewithathresholdofP < .05.Crudeanalyseswere

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

pretermbirth amongapriori–identifiedgroupsofwomenwho

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–

pretermbirth associationwas also examined in a subgroup of

women who reported no use of tobacco, alcohol, or opioids.

We tested theaccuracyof cannabis exposure coding in the

electronic registryby reviewing theantenatal anddelivery rec-

ords of a sample of 577 patients, selected randomly by year,

maternal age, and exposure status. Substanceusehistorywas

abstracted from birth, obstetrical assessment, and labor and

delivery records by trained medical record abstractors who

wereblindedtothecannabiscoding inBORN.Sensitivity, speci-

ficity, andpositive andnegative predictive valueswere calcu-

lated.All statisticalanalyseswereconducted inR(version3.5.2;

The R Foundation).

Results

The initial study cohort was composed of 759281 pregnancy

records resulting in a singleton birth (eFigure in the Supple-

ment). Exclusions included 42586 women (5.6%) who were

missing cannabis exposure information.An additional 55078

observations (7.3%)weremissingdata on covariates andwere

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-

cludeddata indicated somemoderatedifferencesbyage, area-

level income, antenatal care, and year of birth (SMD > 10%;

eTable 1 in the Supplement).

Significant imbalancewas 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), prepregnancyBMI (0.32),maternal smok-

ing (1.31), alcohol use (0.58), opioiduse (0.43), psychiatric dis-

orders (0.97), antenatal care (0.45), and year of birth (0.14),

indicating associationbetween reported cannabis use and co-

variates. The matched cohort was composed of 98 512 rec-

ords, of which 5639were reported cannabis users and 92873

werenonusers. Imbalance inmeasuredbaseline covariatesbe-

tween reported cannabis users and nonuserswas removed in

the matched cohort (all SMD < 0.001) (Table 1). The L1 statis-

ticwas 0.97 in the unmatched cohort and thiswas 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 andMatched Cohorts, BORNOntario, 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 22784 (3.5) 2272 (24.1)

1.03

7490 (23.4) 1317 (23.4)

<0.001

20-24 88722 (13.6) 3233 (34.3) 25736 (37.1) 2093 (37.1)

25-29 207418 (31.8) 2290 (24.3) 37829 (24.9) 1405 (24.9)

30-34 223058 (34.2) 1197 (12.7) 18592 (11.5) 647 (11.5)

≥35 110208 (16.9) 435 (4.6) 3226 (3.1) 177 (3.1)

Parity (not including index pregnancy)

0 279420 (42.8) 5486 (58.2)

0.34

68650 (64.1) 3615 (64.1)

<0.001
1 229885 (35.2) 2091 (22.2) 17811 (22.0) 1239 (22.0)

2 93735 (14.4) 1061 (11.3) 5171 (8.8) 497 (8.8)

>2 49150 (7.5) 789 (8.4) 1241 (5.1) 288 (5.1)

Area-level income quintile

1 99436 (15.2) 3060 (32.5)

0.58

19313 (32.9) 1858 (32.9)

<0.001

2 101843 (15.6) 2111 (22.4) 16158 (21.7) 1226 (21.7)

3 135695 (20.8) 1841 (19.5) 21131 (20.3) 1143 (20.3)

4 154329 (23.7) 1486 (15.8) 18680 (15.4) 868 (15.4)

5 160887 (24.7) 929 (9.9) 17591 (9.6) 544 (9.6)

Prepregnancy body mass indexa

<18.5 30825 (4.7) 1233 (13.1)

0.32

2073 (9.7) 549 (9.7)

<0.001

18.5-24.9 288992 (44.3) 4219 (44.8) 50881 (48.1) 2712 (48.1)

25.0-29.9 145337 (22.3) 1616 (17.1) 18406 (17.1) 963 (17.1)

≥30.0 109625 (16.8) 1398 (14.8) 11837 (15.5) 874 (15.5)

Missing 77411 (11.9) 961 (10.2) 9676 (9.6) 541 (9.6)

Gestational weight gainb

Inadequate 168158 (25.8) 2550 (27.0)

0.14

15408 (23.9) 1348 (23.9)

<0.001
Recommended 117150 (18.0) 1290 (13.7) 10050 (11.7) 661 (11.7)

Excessive 289471 (44.4) 4626 (49.1) 57739 (54.8) 3089 (54.8)

Missing 77411 (11.9) 961 (10.2) 9676 (9.6) 541 (9.6)

Self-reported substance use
during current pregnancyc

Tobacco smoking 48260 (7.4) 5554 (58.9) 1.31 7743 (47.5) 2679 (47.5) <0.001

Alcohol use 13185 (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 97779 (15.0) 5348 (56.7) 0.97 11343 (46.0) 2595 (46.0) <0.001

Antenatal care

Family physician 166102 (25.5) 3790 (40.2)

0.45

23397 (41.6) 2347 (41.6)

<0.001
Obstetrician 378368 (58.0) 4100 (43.5) 62452 (47.7) 2689 (47.7)

Midwife 95014 (14.6) 860 (9.1) 6721 (8.1) 458 (8.1)

Other/none 12706 (1.9) 677 (7.2) 303 (2.6) 145 (2.6)

Year of birth

2012 109489 (16.8) 1273 (13.5)

0.14

12774 (13.8) 778 (13.8)

<0.001

2013 110567 (17.0) 1394 (14.8) 14749 (14.8) 832 (14.8)

2014 108593 (16.7) 1577 (16.7) 15301 (16.9) 954 (16.9)

2015 116681 (17.9) 1683 (17.9) 16470 (17.6) 993 (17.6)

2016 117635 (18.0) 1948 (20.7) 19276 (20.5) 1154 (20.5)

2017 89225 (13.7) 1552 (16.5) 14303 (16.5) 928 (16.5)

Abbreviations: SMD, standardizedmean 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.
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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 than37weeks’ gestation, anRDof 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 and366/7weeks’ gestation, anRDof0.38% (95%

CI,0.24%-0.52%) andanRRof 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%)andanRRof2.42 (95%CI, 2.10-

2.80) for preterm birth between 28 and 31 6/7 weeks’ gesta-

tion, and anRD of 0.51% (95%CI, 0.39%-0.63%) and anRR of

1.97 (95%CI, 1.70-2.28) forpretermbirthat less than28weeks’

gestation (Table 3). TheRR 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 28weeks’ gestation. Compared with the crude esti-

mates from the unmatched cohort, the RDs and RRs were at-

tenuated for all categoriesofpretermbirthafter accounting for

the matching.

Association Between Reported Prenatal Cannabis Use

andMaternal 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 thematched cohort, although the

magnitude of the RDs were less than 0.5% (Table 3). In addi-

tion, reportedcannabisexposurewas inverselyassociatedwith

cesarean vs spontaneous vaginal delivery in thematched co-

hort (RR, 0.98 [95%CI, 0.96-1.00]) but the RDwas not statis-

tically significant (RD, −0.33% [95% CI, −0.85 to 0.18]). Re-

porteduseof cannabiswasnotassociatedwithassistedvaginal

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,

BORNOntario, 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.

bApgar scores from0 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 outcomeshasbeenpreviously reported,23 studies in this

field experience ahigh likelihoodof residual confoundingdue

tomisclassificationof cannabis exposure andother confound-

ers including tobacco use and substance use. Although there

are limits to determining the underlying effect of prenatal ex-

posure tocannabisusingobservational 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 exposurewas 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 associatedmore stronglywith early andmoderate pre-

termbirths asopposed toverypretermbirths,whichmayhave

different risk factors including infection, pregnancy-induced

hypertension, or incompetent cervix.26 The risk of preterm

birth associatedwith cannabis exposure was statistically sig-

nificant in subgroups of womenwho only used cannabis and

noother substances, and amongwomenusing tobacco. There

was evidence to suggest that the association between re-

ported cannabis use andpretermbirthmaybe strongerwithin

the subgroupof tobaccousers,which is a known risk factor for

preterm birth.

Table 3. Pregnancy Outcomes in Users and Nonusers of Cannabis During Pregnancy in theMatched Cohort,

BORNOntario, 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.

bRisk difference and relative risk

adjusted for infant sex; standard

errors account for repeated

pregnancies within mothers.

c Apgar scores from0 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 associationsbetweencannabisuse

andmaternaloutcomesmerit consideration.Cannabisusewas

associated with a 0.5% reduction in the incidence of pre-

eclampsia and gestational diabetes, and similar findings have

beenobserved ina recent study fromtheUnitedStates.27How-

ever, themodest reduction inRDmaynot be clinically impor-

tant. Theassociationwithpreeclampsiamaybe related to can-

nabis use by smoking. Decreased rates of preeclampsia and

hypertensivedisorders inpregnancyhavebeenassociatedwith

maternal cigarette smoking and themechanism is possibly re-

lated to combustible carbonmonoxide.28,29 In addition, some

studies and animalmodels have suggested apotential role for

cannabinoids in reducing oxidative stress and diabetic

complications30-32; further studies investigating gestational

diabetes may be warranted.

Limitations

This studyhas several limitations.First, inBORNandother ad-

ministrative data, there is likelymisclassification of cannabis

exposure in pregnancy.33 Although no data exist on the de-

gree of underreporting, survey data suggest that 9%of repro-

ductive agewomen inCanadawere regularusers of cannabis.2

The data presented here on the use of cannabis in pregnancy

comefromself-reports, routinecare records,andphysiciandis-

closure. These sourcesmaybe influencedby 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 pregnancywas not

available in the current study.However, data fromtheALSPAC

birth cohort in theUnitedKingdom 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-

bisexposure inBORNwasaccuratecomparedwithmedical rec-

ords, both sourcesmayhave similar biases. Fourth, urine toxi-

cology screening for cannabis exposure in pregnancywas not

available inBORNand isnot routinelyperformed in thispopu-

lation. A moderate correlation has been demonstrated be-

tween self-reports of cannabis use and urine testing.37,38Due

to variation in the rate of excretion and half-life time, urine

screening for THCmetabolites may be accurate for assessing

exposurewithin3 to10days.37,39 Ideally,multipleurinescreens

throughout pregnancywouldprovidebetter 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 exposuremisclassificationwould 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 studiesonbehavioral exposures, such

as cannabis smoking, are not readily testable in randomized

trials and are at risk of confounding. This limitation was ad-

dressed in thepresent study throughmatchingmethodson 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

unmeasuredandunknownconfounders remainsand this limi-

tationcannotbeaddressed throughmatching. Sixth, 5%of the

cohortwasmissing cannabis exposure informationandanad-

ditional 7% was missing data on other covariates and/or out-

comes.Although these exclusionsmayhave introduced some

bias, only moderate differences were noted between the ex-

cludedandanalytical samples.Missingdata in the registrygen-

erally arise throughdata 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-

bisusewassignificantlyassociatedwithanincreasedriskofpre-

term birth. Findingsmay be limited by residual confounding.
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