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IMPORTANCE Many studies have evaluated whether in utero cannabis exposure is associated
with fetal and neonatal outcomes, yet little is known about whether prenatal cannabis use is
associated with maternal health outcomes during pregnancy.

OBJECTIVE To evaluate whether prenatal cannabis use is associated with maternal health
outcomes during pregnancy.

DESIGN, SETTING, AND PARTICIPANTS This population-based retrospective cohort study
included pregnancies in Northern California from January 2011 to December 2019 that lasted
20 weeks or longer and were screened for prenatal cannabis use.

EXPOSURES Prenatal cannabis use was defined as any self-reported use during early
pregnancy or a positive toxicology test result based on universal screening at entrance to
prenatal care (approximately 8-10 weeks' gestation). Self-reported frequency of use
(daily, weekly, monthly or less, never, unknown), use defined only by self-report,

and use defined only by toxicology test results were examined.

MAIN OUTCOMES AND MEASURES Electronic health record data were used to define the
following outcomes: gestational hypertension, preeclampsia, eclampsia, gestational diabetes,
gestational weight gain greater and less than guidelines, placenta previa, placental abruption,
placenta accreta, and severe maternal morbidity. Adjusted risk ratios (aRRs) were calculated
using a modified Poisson regression.

RESULTS The sample (n = 316 722 pregnancies; 250 221 unique individuals) included 84 039
(26.5%) Asian/Pacific Islander, 20 053 (6.3%) Black, 83145 (26.3%) Hispanic, and 118 333
(37.4%) White individuals; the mean (SD) age was 30.6 (5.4) years. Overall, 20 053 (6.3%)
screened positive for prenatal cannabis use; 2.9% were positive by self-report, 5.3% by
toxicology testing, and 1.8% by both. The frequency of cannabis use was 1930 (0.6%) daily,
2345 (0.7%) weekly, 4892 (1.5%) monthly or less, and 10 886 (3.4%) unknown. Prenatal
cannabis use was associated with greater risk of gestational hypertension (aRR, 1.17; 95% Cl,
113-1.21), preeclampsia (aRR, 1.08; 95% Cl, 1.01-1.15), weight gain less than (aRR, 1.05; 95% Cl,
1.01-1.08) and greater than (aRR, 1.09; 95% Cl, 1.08-1.10) guidelines, and placental abruption
(aRR, 1.19; 95% Cl, 1.05-1.36). The pattern of results was similar when defining prenatal
cannabis use only by self-report or only by toxicology testing, and associations between the
frequency of prenatal cannabis use and outcomes varied with outcome.

CONCLUSIONS AND RELEVANCE The results of this cohort study suggest that prenatal cannabis
use was associated with several adverse maternal health outcomes during pregnancy.
Continued research is needed to understand whether characteristics of prenatal cannabis use
(eg, dose, mode, and timing) moderate these associations.
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ates of prenatal cannabis use in the US have increased

in recent years,! corresponding with spreading

legalization and rising perceptions of safety.?> Preg-
nant individuals report using cannabis to help with sleep,
depression, stress, morning sickness, and pain during preg-
nancy, and many perceive cannabis to be a safer alternative
to prescription medications.>*> However, there is evidence
that prenatal cannabis use is associated with moderate
increases in the risk of adverse fetal and neonatal health out-
comes (eg, lower birthweight, preterm birth, and neonatal
intensive care unit admission),®® and national guidelines
recommend that pregnant individuals abstain from using
cannabis.®

Whereas many studies have examined how maternal
prenatal cannabis use is associated with fetal and neonatal
outcomes,® #1012 ]ess is known about the associations with ma-
ternal health during pregnancy. Cannabinoids, including 6°-
tetrahydrocannabinol (THC), cross the placenta'>!* and may
affect maternal health by binding to the cannabinoid recep-
tors on the placenta, inhibiting migration of the epithelial
layer of human placental amnion tissue, disrupting endoge-
nous cannabinoid signaling and estrogen signaling, and af-
fecting placental development and function.'>2* Further,
maternal cannabis use is associated with increased periph-
eral vasoconstriction,?* raised maternal heart rate and blood
pressure, and increased risk of adverse outcomes (eg, pre-
eclampsia, hypertension).2>2”

Existing research on the association between prenatal can-
nabis use or cannabis use disorder and maternal outcomes
(eg, gestational diabetes [GD], hypertension, and placental
abruption) has limitations that may explain mixed findings.?%3
Most studies are limited to self-reported cannabis use, which
is known to underestimate use,>***> and do not adequately
account for confounders, such as noncannabis prenatal sub-
stance use. Further, previous studies may not be generaliz-
able to current populations due to the changing modes of can-
nabis administration and increased potency of newer cannabis
products.?¢°

In this large, retrospective cohort study, we examined the
association between prenatal cannabis use and maternal health
outcomes among individuals in a large health care system
with universal screening for prenatal cannabis use by self-
report and urine toxicology testing, adjusting for a wide range
of covariates, including maternal use of other substances.

Methods

Setting

Kaiser Permanente Northern California (KPNC) is an inte-
grated health care delivery system that provides health care
to 4.6 million patients, similar to the insured Northern
California population.*® Institutional review board ap-
proval was obtained from KPNC with waiver of consent and
Health Insurance Portability and Accountability Act authori-
zation, and Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines
were followed.
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Key Points

Question Is prenatal cannabis use associated with maternal
health outcomes during pregnancy?

Findings In this cohort study of 316 722 pregnancies, prenatal
cannabis use was associated with increased risk of gestational
hypertension, preeclampsia, weight gain greater and less than
guidelines, and placental abruption as well as reduced risk of
gestational diabetes. No association was found with eclampsia,
placenta previa, placenta accreta, or severe maternal morbidity.

Meaning The results of this study suggest that the association
between prenatal cannabis use and maternal health is complex
and there is a need for continued research to understand how
prenatal cannabis use affects the health of pregnant individuals.

Cohort and Measures

This population-based retrospective cohort study included
singleton pregnancies that began (based on last menstrual
period) during 2011 to 2019 and lasted 20 weeks or longer.
Eligibility criteria included KPNC membership at any point
during pregnancy and 1 or more KPNC prenatal visits. Preg-
nancies were required to have a response to the self-reported
cannabis use question and a THC urine toxicology test (eFig-
ure in Supplement 1). All measures were extracted from KPNC
administrative and electronic health record data.

Exposures

The primary exposure was based on universal screening at the
entrance to prenatal care (approximately 8-10 weeks’ gesta-
tion) via a self-administered questionnaire and urine toxicol-
ogy test to which patients consented to undergo (eMethods 1
in Supplement 1). Confirmatory testing for the presence of the
cannabis metabolite, 11-nor-9-carboxy-6°-THC, detectable
for up to approximately 30 days after last use among those
who use regularly, was performed by liquid chromatography-
tandem mass spectrometry for all positive immunoassay re-
sults. Individuals were classified as having any prenatal use if
they self-reported cannabis use since pregnancy or had a
positive confirmed toxicology test result. Self-reported fre-
quency of prenatal cannabis use was based on mutually ex-
clusive categories of daily, weekly, monthly or less, and never;
we created a category of unknown frequency among those with
a positive toxicology test result without self-reported use.

Maternal Outcomes

For all outcomes, International Classification of Diseases, Ninth
Revision (ICD-9) and ICD-10 diagnosis codes and other diag-
nostic criteria are provided in eMethods 2 in Supplement 1.
Individual outcomes are described in the following sections.

Metabolic Outcomes

Among patients without chronic hypertension, we examined
3 hypertensive disorders of pregnancy: gestational hyper-
tension, preeclampsia, and eclampsia. Gestational
hypertension was defined using a combination of diagnoses,
anti-hypertensive medication use, and blood pressure mea-
surements. Preeclampsia and eclampsia were ascertained
from inpatient diagnoses.
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GD was ascertained from the KPNC Gestational Diabetes
Registry,*! which uses diagnoses, medications, and labora-
tory tests throughout pregnancy to identify GD among those
without pregestational diabetes. We examined gestational
weight gain (GWG) that was either less or greater than the range
recommended by the Institute of Medicine (2009; eMethods
2 in Supplement 1).42

Placental Outcomes and Severe Maternal Morbidity

Placenta previa and accreta were identified by inpatient diag-
nosis codes; placental abruption was identified by inpatient
and outpatient diagnosis codes. Severe maternal morbidity was
defined by the US Centers for Disease Control and Prevention
criteria using inpatient and outpatient diagnosis codes for 21
pregnancy-related conditions. 344

Covariates

Data on maternal age at pregnancy onset, self-reported race
and ethnicity (Asian/Pacific Islander, Black, Hispanic, White,
and other, including American Indian, Alaska Native, and mul-
tiracial, which was included as a social construct due to known
differences in the prevalence of prenatal cannabis use by race
and ethnicity), parity (0, 1, >2), maternal insurance (Medicaid
vs other), neighborhood deprivation index (quartiles),*> birth
year, and prepregnancy body mass index (calculated as weight
in kilograms divided by height in meters squared) were ex-
tracted from the electronic health record. Month of prenatal
care initiation was classified using the Kotelchuck initiation
index: inadequate (>7), intermediate (5-6), adequate (3-4), or
adequate plus (1-2).*® Noncannabis prenatal substance use
was based on universal screening at entrance to prenatal care
and defined as prenatal use of alcohol, nicotine, opioids,
stimulants, and anxiety/sleep medications (eMethods 1 in
Supplement 1).

For maternal comorbidities, ICD diagnosis codes were used
to define pregestational diabetes (type 1 or 2) during the 2 years
before pregnancy, mood/anxiety disorder, other psychiatric
disorders, and noncannabis substance use disorder diagno-
ses during the year before pregnancy through the first prena-
tal visit and nausea and vomiting of pregnancy through the
first prenatal visit. Antidepressant medication use was de-
fined as a prescription fill during pregnancy through the first
prenatal visit or before pregnancy with the supply lasting
past the pregnancy onset date.

Statistical Analysis

We fit extended modified Poisson models with robust stan-
dard errors using the extension of the sandwich variance
estimator to account for the correlation in the outcomes for
multiple pregnancies per person.*” Risk ratios (RRs) and
adjusted RRs (aRRs) with 95% CIs were reported. Model 1
was unadjusted. Model 2 was adjusted for maternal sociode-
mographic characteristics, parity, birth year, prenatal care
initiation, prepregnancy body mass index, other noncanna-
bis prenatal substance use (ie, alcohol, nicotine, opioids,
stimulants, and anxiety/sleep medications), and comorbidi-
ties (ie, pregestational diabetes, nausea/vomiting during
pregnancy, mood/anxiety disorders, other psychiatric disor-
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ders, substance use disorders, and antidepressant use). We
also tested for associations between use frequency and out-
comes, followed by a trend test when results suggested an
ordering of associations across frequency levels; trend tests
excluded the category of frequency unknown, positive toxi-
cology test result.

Sensitivity Analyses

To assess differences in exposure classification, we fit sepa-
rate models in which the exposure (ie, any prenatal cannabis
use) was determined only by self-report status or urine toxi-
cology test results. We also repeated analyses (1) that were
limited to the subset of pregnancies without evidence of
noncannabis prenatal substance use, (2) among those who
entered prenatal care during the first trimester, and (3) after
removing calendar year as a covariate, as controlling for cal-
endar time may constitute overadjustment that could bias the
estimated associations.

The standardized difference was calculated as the differ-
ence in proportions divided by the standard error.*® Analyses
were conducted using SAS, version 9.4 (SAS Institute), and R,
version 4.0.2 (R Foundation), from October 2023 to May 2024.
Two-sided P values of <.05 were considered statistically sig-
nificant.

. |
Results

The maternal characteristics of the 316 722 pregnancies (from
250221 unique individuals) were 84 039 (26.5%) Asian/
Pacific Islander, 20 053 (6.3%) Black, 83145 (26.3%) His-
panic, and 118 333 (37.4%) White individuals; 49 015 (15.5%)
were younger than 25 years, and 28 803 (9.1%) were insured
by Medicaid. Overall, 20 053 (6.3%) screened positive for pre-
natal cannabis use by either self-report or toxicology testing;
2.9% were positive by self-report, 5.3% were positive by
toxicology, and 1.8% were positive by both. Self-report and toxi-
cology testing were completed at a median of 8.3 weeks
(IQR,7.0-10.3) and 9.0 weeks (IQR, 7.7-11.4) of gestation, re-
spectively. Pregnancies excluded due to missing data on pre-
natal cannabis use had sociodemographic characteristics like
the final sample but had more missing data (eTable 1in Supple-
ment 1). The frequency of cannabis use was 1930 (0.6%) daily,
2345 (0.7%) weekly, and 4892 (1.5%) monthly or less, and
10 886 (3.4%) had a positive toxicology test result but did not
report cannabis use (Table 1). Pregnancy characteristics by fre-
quency are shown in eTable 2 in Supplement 1. Several ma-
ternal outcomes were rare (<5%): preeclampsia (44 363 [4.8%]),
eclampsia (384 [0.1%]), placenta previa (3499 [1.1%]), placen-
tal abruption (4002 [1.3%]), placenta accreta (499 [0.2%]), and
severe maternal morbidity (10338 [3.3%]). Gestational
hypertension (44 363 [14.7%]), GD (36 374 [11.7%]), and GWG
less than (48117 [16.0%]) and greater than (176 898 [58.8%])
guidelines were more common (Table 2).

Primary Exposure: Any Prenatal Cannabis Use
Table 2 shows the unadjusted RRs and fully aRRs for each

outcome, and eTable 3 in Supplement 1 shows how results
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Table 1. Pregnancy Characteristics Overall and by Prenatal Cannabis Use

No. (%)
Prenatal cannabis use Standardized
Pregnancy characteristics Overall (N =316 722) VYes(n=20053[6.3%]) No (n=296669[93.7%]) difference®
Age at pregnancy onset, y
<18 2994 (0.9) 617 (3.1) 2377 (0.8)
18-24 46021 (14.5) 7541 (37.6) 38480 (13.0)
25-30 87882 (27.7) 5469 (27.3) 82413 (27.8) 0.68
31-35 113020 (35.7) 4250 (21.2) 108770 (36.7)
236 66805 (21.1) 2176 (10.9) 64629 (21.8)
Self-reported race and ethnicity
Hispanic 83145 (26.3) 5583 (27.8) 77562 (26.1)
Non-Hispanic
American Indian/Alaska Native® 1078 (0.3) 144 (0.1) 934 (0.3)
Asian/Pacific Islander 84039 (26.5) 1191 (5.9) 82848 (27.9)
Black 20053 (6.3) 4480 (22.3) 15573 (5.2) 0-80
White 118333 (37.4) 7750 (38.6) 110583 (37.3)
Multiracial® 4540 (1.3) 622 (0.2) 3918 (1.2)
Unknown® 5534 (1.8) 283(0.1) 5251 (1.7)
Parity
0 129585 (40.9) 9906 (49.4) 119679 (40.3)
1 110434 (34.9) 5471 (27.3) 104963 (35.4)
22 65908 (20.8) 3408 (17.0) 62500 (21.1) 0-25
Unknown 10795 (3.4) 1268 (6.3) 9527 (3.2)
Prenatal care initiation
Adequate plus (months 1-2) 198 083 (62.5) 11932 (59.5) 186151 (62.7)
Adequate (months 3-5) 99481 (31.4) 6619 (33.0) 92862 (31.3)
Intermediate (months 5-6) 11297 (3.6) 962 (4.8) 10335 (3.5) 0.13
Inadequate (months 7+) 7861 (2.5) 540 (2.7) 7321 (2.5)
Insured by Medicaid 28803 (9.1) 5049 (25.2) 23754 (8.0) 0.47
Neighborhood deprivation index, quartile
1 (Least deprivation) 74902 (23.6) 2641 (13.2) 72261 (24.4)
2 74934 (23.7) 3987 (19.9) 70947 (23.9)
3 74907 (23.7) 5315(26.5) 69592 (23.5) 0.41
4 (Most deprivation) 74916 (23.7) 7510 (37.5) 67406 (22.7)
Unknown 17063 (5.4) 600 (3.0) 16463 (5.5)
Noncannabis substance use during pregnancy
Alcohol 29565 (9.3) 3987 (19.9) 25578(8.6) 0.33
Nicotine 14281 (4.5) 4499 (22.4) 9782 (3.3) 0.60
Opioids 22054 (7.0) 2561 (12.8) 19493 (6.6) 0.21
Stimulants 1712 (0.5) 598 (3.0) 1114 (0.4) 0.20
Anxiety or sleep medications 9163 (2.9) 1370 (6.8) 7793 (2.6) 0.20
Prepregnancy BMI categories
Underweight (<18.5) 7164 (2.3) 537 (2.7) 6627 (2.2)
Normal (18.5-24.9) 137375 (43.4) 6945 (34.6) 130430 (44.0)
Overweight (25-29.9) 83426 (26.3) 5275 (26.3) 78151 (26.3) 0.24
Obesity (230) 73367 (23.2) 6433(32.1) 66934 (22.6)
Unknown 15390 (4.9) 863 (4.3) 14527 (4.9)
Diagnoses and medications
2 y Before pregnancy
Diabetes 4026 (1.3) 222 (1.1) 3804 (1.3) -0.02
1y Before pregnancy through first prenatal visit
Mood/anxiety disorder 34984 (11.0) 4514 (22.5) 30470(10.3) 0.34
Other psychiatric disorder 7498 (2.4) 1269 (6.3) 6229 (2.1) 0.21
Substance use disorder diagnosis (other than cannabis) 11220 (3.5) 3251 (16.2) 7969 (2.7) 0.48
Pregnancy onset through first prenatal visit
Nausea and vomiting 35639(11.3) 4642 (23.1) 30997 (10.4) 0.34
Antidepressant medication use 6441 (2.0) 865 (4.3) 5576 (1.9) 0.14
(continued)
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Table 1. Pregnancy Characteristics Overall and by Prenatal Cannabis Use (continued)

No. (%)

Pregnancy characteristics

Overall (N = 316 722)

Prenatal cannabis use
Yes (n = 20053 [6.3%])

Standardized
difference®

No (n = 296 669 [93.7%])

Frequency of cannabis use

Daily 1930 (0.6)
Weekly 2345 (0.7)
Monthly or less 4892 (1.5)
Never 296669 (93.7)

Unknown frequency, positive toxicology results 10886 (3.4)

Fetal outcome

Live birth 314480 (99.3)
Stillbirth 1510 (0.5)
Therapeutic abortion 732 (0.2)

1930 (9.6) 0

2345 (11.7) 0

4892 (24.4) 0 131
0 296 669 (100)

10886 (54.3) 0

19880 (99.1) 294600 (99.3)

114 (0.6) 1396 (0.5) 0.20
59 (0.3) 673(0.2)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).

2 Standardized difference is the difference in proportions divided by the

standard error; imbalance defined as absolute value greater than 0.20
(small effect size).

b These categories were collapsed in the models.

Table 2. Frequency and Risk Ratios of Maternal Outcomes by Any Prenatal Cannabis Use

Pregnancies, No. (%)

Risk ratios of maternal outcomes
for any prenatal cannabis use vs none (95% ClI)?

Prenatal cannabis use

Maternal outcomes Overall (N =316722) Yes(n=20053)

No (n = 296 669) Model 1 Model 2

Metabolic outcomes

Hypertensive disorders®

Gestational hypertension 44363 (14.7) 3822 (20.3)

Preeclampsia 14378 (4.8) 1212 (6.4)

Eclampsia 384 (0.1) 34(0.2)
Gestational diabetes® 36374 (11.7) 1521 (7.7)
Gestational weight gain?

Within guidelines 75844 (25.2) 3284 (17.1)

Less than guidelines 48117 (16.0) 2727 (14.2)

Greater than guidelines

176 898 (58.8)

13 145 (68.6)

Placental outcomes
Placenta previa 3499 (1.1) 169 (0.8)
Placental abruption 4002 (1.3) 281 (1.4)
Placenta accreta® 499 (0.2) 37(0.2)
Severe maternal morbidity 10338 (3.3) 718 (3.6)

40541 (14.3)
13166 (4.6)
350(0.1)
34853 (11.9)

72560 (25.8)
45390 (16.1)
176 898 (58.8)

3330(1.1)
3721 (1.3)
462 (0.2)

9620 (3.2)

1.42 (1.38-1.46)
1.39(1.31-1.47)
1.46 (1.03-2.08)
0.64 (0.61-0.68)

NA
1.18(1.15-1.21)
1.15(1.15-1.16)

0.75 (0.64-0.88)
1.12 (0.99-1.26)
1.20 (0.86-1.67)
1.10(1.02-1.19)

1.17 (1.13-1.21)
1.08 (1.01-1.15)
1.17 (0.80-1.71)
0.89 (0.85-0.94)

NA
1.05(1.01-1.08)
1.09 (1.08-1.10)

1.02 (0.87-1.20)
1.19 (1.05-1.36)
1.34(0.92-1.95)
0.97 (0.89-1.05)

Abbreviation: NA, not applicable.

@ Model 1: modified Poisson model with robust standard errors (no covariates).
Model 2: adjusted for maternal sociodemographic characteristics (age
category, race and ethnicity, neighborhood deprivation index), parity, birth
year, prenatal care initiation, prepregnancy body mass index category,
noncannabis prenatal substance use (alcohol, nicotine, opioids, stimulants,
and anxiety/sleep medications), and maternal medical and mental health
comorbidities (pregestational diabetes, nausea/vomiting during pregnancy,
mood/anxiety disorders, other psychiatric disorders, substance use disorders
[other than cannabis], and antidepressant use).

b Pregnancies of individuals with chronic hypertension were excluded (n = 14187).

¢ Pregnancies of individuals with pregestational diabetes were excluded. In

addition, gestational diabetes could not be ascertained for pregnancies ending
in therapeutic abortion. A total of 4737 pregnancies were excluded. In model
2, pregestational diabetes was not included as a covariate for the gestational
diabetes outcome.

d Categories determined by the 2009 Institute of Medicine guidelines.
Pregnancies with missing weight values were excluded (n = 15 863). Less than
guidelines models were fit among pregnancies less than or within guidelines;
greater than guidelines models were fit among pregnancies greater than or
within guidelines.

¢ Placenta accreta could only be ascertained for pregnancies that were
delivered in a Kaiser Permanente Northern California facility and ended in live
birth or stillbirth (alive at admission); 10 979 were excluded.

changed by including stepwise covariates. In fully adjusted
models, prenatal cannabis use was associated with an
increased risk of gestational hypertension (aRR, 1.17; 95% CI,
1.13-1.21) and preeclampsia (aRR, 1.08; 95% CI, 1.01-1.15) but
not eclampsia (aRR, 1.17; 95% CI, 0.80-1.71) (Figure).

In the fully adjusted models, prenatal cannabis use was
associated with a significantly decreased risk of GD (aRR, 0.89;
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95% CI, 0.85-0.94), an increased risk of GWG less than guide-
lines (aRR, 1.05; 95% CI, 1.01-1.08) and greater than guide-
lines (aRR, 1.09; 95% CI, 1.08-1.10), and an increased risk of
placental abruption (aRR, 1.19; 95% CI, 1.05-1.36). Prenatal can-
nabis use was not significantly associated with placenta
previa, placenta accreta, or severe maternal morbidity in fully
adjusted models.
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Figure. Adjusted Risk Ratios (aRRs)? of Maternal Outcomes in Pregnancies With Any Prenatal Cannabis Use vs None®

aRR

Metabolic outcomes (95% CI)

Hypertensive disorders
Gestational hypertension
Preeclampsia

1.17 (1.13-1.21)¢
1.08 (1.01-1.15)¢
1.17 (0.80-1.71)
0.89 (0.85-0.94)¢

Eclampsia
Gestational diabetes
Gestational weight gain
Less than guidelines
Greater than guidelines
Placental outcomes

1.05(1.01-1.08)¢
1.09 (1.08-1.10)¢

Placenta previa
Placental abruption

1.02 (0.87-1.20)
1.19 (1.05-1.36)¢
1.34(0.92-1.95)
0.97 (0.89-1.05)

Placenta accreta
Severe maternal morbidity

0.8 1 2
aRR (95% CI)

Risk ratios were adjusted for maternal sociodemographic characteristics
(age category, race and ethnicity, and neighborhood deprivation index),
parity, birth year, prenatal care initiation, prepregnancy body mass index
category, noncannabis prenatal substance use (alcohol, nicotine, opioids,
stimulants, and anxiety/sleep medications), and maternal medical and
mental health comorbidities (pregestational diabetes, nausea/vomiting
during pregnancy, mood/anxiety disorders, other psychiatric disorders,
substance use disorders [other than cannabis], and antidepressant use).
Pregestational diabetes was not included as a covariate in the gestational
diabetes model as patients with pregestational diabetes were ineligible
for this outcome.

Pregnancies of individuals with chronic hypertension were excluded

(n = 14187) from models of hypertensive outcomes. A total of 4737 pregnancies
were excluded from the gestational diabetes model (pregnancies of individuals
with pregestational diabetes were ineligible, and gestational diabetes could not
be ascertained for pregnancies ending in therapeutic abortion). Pregnancies
with missing weight values were excluded (n = 15 863) from the gestational
weight gain models. Placenta accreta could only be ascertained for pregnancies
that were delivered in a Kaiser Permanente Northern California facility and
ended in live birth or stillbirth (alive at admission); 10 979 were excluded.

CStatistical significance at the P < .05 level.

Secondary Exposure: Frequency of Prenatal Cannabis Use
We found a dose-response association between use frequency
and risk of gestational hypertension, with risk decreasing from
daily (aRR, 1.24; 95% CI, 1.14-1.36) to weekly (aRR, 1.21; 95% CI,
1.11-1.31) to monthly use (aRR, 1.03; 95% CI, 0.97-1.10) vs never
use (trend-test P < .001; Table 3). Unknown frequency (posi-
tive toxicology test result but no self-reported use) was also
associated with a greater risk of gestational hypertension (aRR,
1.21; 95% CI, 1.16-1.25). No other trends were evident; how-
ever, some additional findings for frequency were statistically
significant. A greater risk of preeclampsia was found for un-
known frequency of use (aRR, 1.14; 95% CI, 1.06-1.24). In-
creased risk of GWG less than guidelines was found for weekly
use (aRR, 1.09; 95% CI, 1.01-1.18), while increased risk of GWG
greater than guidelines was found for daily (aRR, 1.06; 95% CI,
1.03-1.09), weekly (aRR, 1.07; 95% CI, 1.04-1.09), monthly or less
(aRR, 1.06; 95% CI, 1.04-1.08), and unknown frequency (aRR,
1.11; 95% CI, 1.10-1.12). Greater risk of placental abruption was
found for monthly or less use (aRR, 1.31; 95% CI, 1.03-1.67). In
contrast, lower risk of GD was found for monthly or less (aRR,
0.88; 95% CI, 0.79-0.98) and unknown frequency of use (aRR,
0.89; 95% CI, 0.83-0.95). There was no association between use
frequency and other outcomes.

Sensitivity Analyses

Results followed the same general pattern when defining
prenatal cannabis use by self-report or toxicology testing only
(Table 4). Associations for most outcomes were slightly stron-
ger for toxicology tests than for self-report. Results from
sensitivity analyses limited to pregnant individuals without
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evidence of noncannabis prenatal substance use followed the
same general pattern but were slightly stronger than the main
models (eTable 4 in Supplement 1). Results from sensitivity
analyses that were limited to individuals who entered prena-
tal care during the first trimester and analyses that did not in-
clude calendar year as a covariate were similar to the main
results (eTable 4 in Supplement 1).

|
Discussion

The relative lack of research on how prenatal cannabis use is as-
sociated with maternal health vs offspring health is notable. This
study leveraged data from a large health care system to exam-
ine the associations between cannabis use during early preg-
nancy and maternal health, adjusting for clinical and sociode-
mographic factors. Prenatal cannabis use was associated with
greater risk of gestational hypertension, preeclampsia, GWG out-
side of guidelines, and placental abruption and lower risk of GD.
Prenatal cannabis use was associated with a greater risk of ec-
lampsia, but the result did not reach statistical significance, pos-
sibly due to the rarity of this outcome. Associations were slightly
stronger for most outcomes when examining cannabis use mea-
sured by toxicology testing vs self-report, but the pattern was
similar across exposure definitions. Further, results followed a
similar pattern when the sample was limited to individuals with-
out any noncannabis substance use during pregnancy, suggest-
ing that results were not due to co-occurring substance use. The
disparities in prenatal cannabis use by race and ethnicity, age,
and neighborhood deprivation have the potential to exacer-
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Table 3. Frequency and Adjusted Risk Ratios (ARRS)

of Maternal Outcomes by Frequency of Prenatal Cannabis Use

Table 3. Frequency and Adjusted Risk Ratios (ARRs)
of Maternal Outcomes by Frequency of Prenatal Cannabis Use (continued)

Maternal outcomes by frequency Pregnancies,

Maternal outcomes by frequency Pregnancies,

of prenatal cannabis use No. (%) aRR (95% CI)? of prenatal cannabis use No. (%) aRR (95% CI)?
Metabolic outcomes Placental abruption
Hypertensive disorders® Daily 29(1.5) 1.26 (0.87-1.84)

Gestational hypertension Weekly 29(1.2) 1.07 (0.74-1.55)
Daily 402 (22.3) 1.24(1.14-1.36) Monthly or less 74 (1.5) 1.31(1.03-1.67)
Weekly 475 (21.3) 1.21(1.11-1.31) Never 3721 (1.3) 1 [Reference]
Monthly or less 838(18.0) 1.03(0.97-1.10) Unk_n_own fr_equency, 149 (1.4) 1.15(0.98-1.37)
Never 40541 (14.3) 1 [Reference] positive toxicology result

Placenta accreta®

Unknown frequency, 2107 (20.7) 1.21(1.16-1.25)

positive toxicology result Daily 4(0.2) 1.51(0.54-4.22)
Preeclampsia Weekly 5(0.2) 1.60 (0.64-4.04)

Daily 129(7.2) 1.15(0.96-1.36) Monthly or less 7(0.1) 1.10(0.51-2.38)

Weekly 147 (6.6) 1.11(0.95-1.30) Never 462 (0.2) 1 [Reference]

Monthly or less 253(5.4) 0.89(0.79-1.01) Unknown frequency, 21(0.2) 1.36 (0.85-2.16)

Never 13166 (4.6) 1 [Reference] positive toxicology result

Severe maternal morbidity

Unknown frequency, 683 (6.7) 1.14(1.06-1.24) -

positive toxicology result Daily 76 (3.9) 1.00(0.80-1.26)
Eclampsia Weekly 77 (3.3) 0.88(0.70-1.10)

Daily 3(0.2) 1.11(0.35-3.49) Monthly or less 180 (3.7) 1.00 (0.86-1.16)

Weekly 5(0.2) 1.53(0.61-3.85) Never 9620 (3.2) 1 [Reference]

Monthly or less 8(0.2) 1.13(0.54-2.35) UnI(_n_own frgquency, 385 (3.5) 0.97 (0.87-1.07)

Never 350(0.1) 1 [Reference] o et et

Unknown frequency, 18(0.2) 1.13(0.69-1.83) @ Modified Poisson models with robust standard errors were adjusted for

positive toxicology result maternal sociodemographic characteristics (age category, race and ethnicity,

Gestational diabetes neighborhood deprivation index), parity, birth year, prenatal care initiation,

] prepregnancy body mass index category, other noncannabis prenatal
Daily 149 (7.8) 0.99 (0.85-1.15) substance use (alcohol, nicotine, opioids, stimulants, and anxiety/sleep
Weekly 160 (6.9) 0.87 (0.75-1.00) medications), and maternal medical and mental health comorbidities
Monthly or less 341(7.1) 0.88(0.79-0.98) (pregestational diabetes, nausea/vomiting during pregnancy, mood/anxiety

disorders, other psychiatric disorders, substance use disorders [other than

e 34853(11.9)  1[Reference] cannabis], and antidepressant use).

Unknown frequency, 871(8.1) 0.89(0.83-0.95) b pregnancies of individuals with chronic hypertension were excluded

positive toxicology result (n=14187)

Gestational weight gain® ]
.g .g © Pregnancies of individuals with pregestational diabetes were excluded.

Less than guidelines In addition, gestational diabetes could not be ascertained for pregnancies
Daily 281 (46.0) 1.05(0.96-1.14) ending in therapeutic abortion. A total of 4737 pregnancies were excluded.
Weekly 340 (46.6) 1.09 (1.01-1.18) . Pregestational diabetes was not included as a covariate.

) Categories determined by the 2009 Institute of Medicine guidelines.

Monthly or less 658 (42.7) 1.04(0.98-1.10) Pregnancies with missing weight values were excluded (n = 15 863).

Never 45390(38.5)  1[Reference] Less than guidelines models were fit among pregnancies less than or within

Unknown frequency, 1448 (46.3) 1.04 (1.00-1.08) guidelines; greater than guidelines models were fit among pregnancies greater

positive toxicology results than or within guidelines.

Greater than guidelines ¢ Placenta accreta could only be ascertained for pregnancies that were
Daily 1230(78.8) 1.06 (1.03-1.09) delivered in a Kaiser Permanente Northern California facility and ended
Weekly 1481(79.2) 1.07 (1.04-1.09) in live birth or stillbirth (alive at admission); 10 979 were excluded.

Monthly or less 3070(77.6) 1.06 (1.04-1.08)

Never 163753(69.3) 1 [Reference] bate existing inequities in maternal health outcomes during

Unk_n_own fr_equency, 7364 (81.4) 1.11(1.10-1.12) pregnancy.

positive toxicology result Our finding of greater risk of gestational hypertension and

Placental outcomes . X . . .
- preeclampsia associated with prenatal cannabis use differs from
Placenta previa . . o . . .

- prior studies that found no association or an inverse associa-
Daily Ly (O CG ) tion between prenatal cannabis use based on self-report or urine
Weekly @A) 2 (O toxicology testing and these outcomes.3°-31:33:4%:50 However,
Mantniviorless ey L i) the results were consistent with several studies that defined
Never 3330(1.1) 1 [Reference] prenatal cannabis exposure based on cannabis-related
Unknown frequency, 83(0.8) 0.93(0.74-1.16) diagnoses,?®! reflecting heavier or problematic use. For ex-

positive toxicology result
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(continued)

ample, a large, retrospective cohort study of California hospi-
tal discharge data found that pregnant individuals with vs
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Table 4. Frequency and Adjusted Risk Ratios (aRRs) of Maternal Outcomes by Prenatal Cannabis Use Defined Only by Self-Report or Defined

Only by Toxicology Testing
Prenatal cannabis use defined only by self-report Prenatal cannabis use defined only by toxicology testing
Overall Any prenatal cannabis use, No. (%) Any prenatal cannabis use, No. (%)
(N=316722 Yes (n =9167 No (n =307 555 Yes(n =16638 No (n =300084
Outcome [100%]) [2.9%]) [97.1%]) aRR (95% Cl)? [5.3%]) [94.7%]) aRR (95% Cl)?
Metabolic outcomes
Hypertensive disorders®
Gestational 44363 (14.7) 1715 (19.8) 42648 (14.5) 1.10(1.05-1.15) 3511 (22.5) 41614 (14.5) 1.19(1.15-1.23)
hypertension
Preeclampsia 14378 (4.8) 529 (6.1) 13849 (4.7) 0.99 (0.90-1.08) 1016 (6.5) 13362 (4.7) 1.11 (1.04-1.19)
Eclampsia 384 (0.1) 16 (0.2) 368 (0.1) 1.21(0.70-2.09) 27(0.2) 357(0.1) 1.09(0.72-1.65)
Gestational diabetes® 36374 (11.7) 650(7.2) 35724 (11.8) 0.91(0.84-0.98) 1279 (7.8) 35095(11.9) 0.89 (0.84-0.94)
Gestational weight gain?
Within guidelines 75844 (25.2) 1603 (18.5) 74241 (25.4) NA 2636 (16.5) 73208 (25.7) NA
Less than guidelines 48117 (16.0) 1279(14.8) 46838 (16.0) 1.05(1.00-1.09) 2296 (14.4) 45821 (16.1) 1.05(1.01-1.08)
Greater than 176898 (58.8) 5781 (66.7) 171117 (58.6)  1.05(1.04-1.06) 11021(69.1) 165877(58.2)  1.10(1.09-1.11)
guidelines
Placental outcomes
Placenta previa 3499 (1.1) 86 (0.9) 3413 (1.1) 1.15(0.92-1.44) 136(0.8) 3363 (1.1) 1.01 (0.84-1.20)
Placental abruption 4002 (1.3) 132 (1.4) 3870 (1.3) 1.22(1.01-1.47) 236(1.4) 3766 (1.3) 1.19 (1.03-1.37)
Placenta accreta® 499 (0.2) 16 (0.2) 483(0.2) 1.28(0.74-2.20) 34(0.2) 465 (0.2) 1.44(0.98-2.13)
Severe maternal morbidity 10338 (3.3) 333(3.6) 10005 (3.3) 0.97 (0.87-1.09) 593 (3.6) 9745 (3.2) 0.96 (0.88-1.05)

Abbreviation: NA, not applicable.

2 Reference is no prenatal cannabis use. Modified Poisson models with robust
standard errors were adjusted for maternal sociodemographic characteristics
(age category, race and ethnicity, neighborhood deprivation index),
parity, birth year, prenatal care initiation, prepregnancy body mass index
category, other noncannabis prenatal substance use (alcohol, nicotine,
opioids, stimulants, and anxiety/sleep medications), and maternal medical
and mental health comorbidities (pregestational diabetes, nausea/vomiting
during pregnancy, mood/anxiety disorders, other psychiatric disorders,
substance use disorders [other than cannabis], and antidepressant use).

b Pregnancies of individuals with chronic hypertension were excluded (n = 14187).

¢ Pregnancies of individuals with pregestational diabetes were excluded.
In addition, gestational diabetes could not be ascertained for pregnancies
ending in therapeutic abortion. A total of 4737 pregnancies were excluded.
Pregestational diabetes was not included as a covariate.

d Categories determined by the 2009 Institute of Medicine guidelines.
Pregnancies with missing weight values were excluded (n = 15 863).
€ Placenta accreta could only be ascertained for pregnancies that were

delivered in a Kaiser Permanente Northern California facility and ended
in live birth or stillbirth (alive at admission); 10 979 were excluded.

without a cannabis use disorder diagnosis had higher risk of
gestational hypertension (aRR, 1.19; 95% CI, 1.06-1.34) and pre-
eclampsia (aRR, 1.16; 95% CI, 1.04-1.28).! In our study, there was
evidence of a dose-response association between the fre-
quency of self-reported cannabis use and gestational hyperten-
sion, with the greatest risk associated with daily cannabis use.
Together, the findings suggest that more frequent prenatal can-
nabis use may motivate these associations, and differences in
exposure measurement may partially explain the inconsisten-
ciesin the limited existing literature. Studies of US adults have
found that cannabis use, especially more frequent use, was
associated with increased odds of myocardial infarction and
stroke.>?">® Future studies are needed to determine if associa-
tions with gestational hypertension and preeclampsia are rep-
licable. If so, research could evaluate whether individuals
with prenatal cannabis use might benefit from interventions
for preventing preeclampsia (eg, low-dose aspirin).

Prenatal cannabis use was also associated with greater risk
of GWG that is greater than guidelines, which is associated with
hypertensive disorders of pregnancy,>® and could partially me-
diate the association between prenatal cannabis use and ges-
tational hypertension and preeclampsia. However, prenatal
cannabis use was also associated with GWG that was less than
guidelines, even after adjusting for potentially confounding
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factors (eg, nausea and vomiting). GWG outside of recommen-
dationsis associated with health issues for pregnant individu-
als and their children,*? and future studies are needed to ex-
plore its potential mediating effects.

Prior studies have found inconsistent associations be-
tween prenatal cannabis use and GD. We found a lower risk of
GD associated with prenatal cannabis use that was consistent
with 3 retrospective cohort studies that found an inverse as-
sociation between prenatal cannabis use or cannabis-related
diagnoses and GD.3%-32:33 Other studies have found no asso-
ciation or a positive association between prenatal cannabis use
and GD.*"°7 Results were consistent with a recent meta-
analysis in adults that found a lower risk of developing type 2
diabetes among individuals with vs without cannabis use (aRR,
0.48; 95% CI, 0.39-0.59).°® Hypothesized mechanisms in-
cluded cannabis-related attenuated inflammatory response,
stress signaling, and reactive oxygen species formation, which
may be stronger for nonsmoked modes of administration given
the potential of smoking to increase oxidative stress.>® In fre-
quency analyses, a statistically significant lower risk was only
found among those who self-reported using monthly or less,
which does not provide evidence for a dose-response associa-
tion. Future research is also needed to understand the poten-
tial mechanisms underlying lower risk of GD among those who
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use cannabis infrequently during early pregnancy, who may
be different in key unmeasured ways that we were unable to
adjust for, and test whether findings differ based on modes
of use.

Whereas several prior studies have not found an associa-
tion between prenatal cannabis use and placental
abruption,3-334° our finding of a greater risk of placental
abruption being associated with prenatal cannabis use was
consistent with results from a prior large, population-based
pregnancy cohort study of self-reported cannabis use with a
matched design that found higher risk of placental abruption
among those with vs without prenatal cannabis use (aRR, 1.72;
95% CI, 1.54-1.92).%° Cannabis-related diagnoses during preg-
nancy have been positively associated with placenta previa>?
and severe maternal morbidity>'; however, we did not find
an association between use and placenta previa, accreta,
or severe maternal morbidity.

In this and our prior studies, we have documented low sen-
sitivity of self-reported prenatal cannabis use.> There are real
and perceived risks of disclosing prenatal substance use. Pre-
natal cannabis use can have greater consequences for indi-
viduals from disadvantaged backgrounds due to inequities in
who gets tested and reported to child protective services and
law enforcement,>®-** and some individuals may avoid prena-
tal care due to these concerns.®*¢2In California, prenatal can-
nabis use is not sufficient to make a child abuse or neglect
report.®* This allows KPNC to offer universal prenatal sub-
stance use screening and linkage to further assessment, edu-
cation, and patient-centered, supportive, nonstigmatizing pre-
natal substance use intervention linked with prenatal care.%-¢7
Routine testing for prenatal cannabis use is not recommended
in states with punitive policies that criminalize or penalize pre-
natal substance use.

Limitations

This study had limitations. Our sample was limited to in-
sured pregnant patients in a large health care organization in
Northern California. The findings may not generalize to un-
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insured patients or those outside of California, a state that le-
galized medicinal cannabis in 1996 and adult use in Novem-
ber 2016 (with legal adult use sales beginning in January 2018).
The prenatal cannabis use screening occurred at entrance to
prenatal care, and we were unable to determine whether pre-
natal use occurred only before pregnancy recognition or con-
tinued later into pregnancy. It is possible that urine toxicol-
ogy tests detected prepregnancy cannabis use. However, this
is unlikely, given that toxicology tests were given at a median
of 9.0 weeks’ gestation. Further, important aspects of canna-
bis use were not assessed, including the mode of administra-
tion, potency, products used, and reasons for use. Urine toxi-
cology tests are more likely to detect heavy vs infrequent
cannabis use, and the duration that cannabis is detectable could
vary with mode of use. Although we adjusted for many covar-
iates, unmeasured confounders may have affected results.
Additional research is needed to determine whether the asso-
ciations found in this study are causal and whether they vary
depending on the trimester of use, modes of administration,
and product strength.

|
Conclusions

In this cohort study, prenatal cannabis use was associated with
agreater risk of gestational hypertension, preeclampsia, GWG
outside of Institute of Medicine guidelines, and placental
abruption, but it was also associated with a lower risk of GD.
The findings suggest a complex association between prenatal
cannabis use and maternal health and highlight the need for
continued research to understand the mechanisms through
which prenatal cannabis use is associated with the health of
pregnant individuals. Prenatal cannabis use is a risk factor for
adverse neonatal outcomes.®® As we continue to learn about
the potential harms and benefits of prenatal cannabis use,
clinicians must provide coordinated, nonstigmatizing care
and education to support pregnant individuals in making in-
formed decisions about cannabis use.®®
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Associations Between Prenatal Cannabis Use and Maternal Health Outcomes

Jamie O. Lo, MD, MCR; Catherine Y. Spong, MD

With the legalization of cannabis in many states, the ques-
tion of what effect it has on pregnant individuals has become
more pressing. In this issue of JAMA Internal Medicine, Young-
Wolff and colleagues! examine the association between pre-
natal cannabis use and ma-
ternal health outcomes. Data

Multimedia .

were drawn from the Kaiser
< Permanente Northern Cali-
Related article page 1083

fornia system, with prenatal
cannabis use defined as any
self-reported use during early pregnancy or a positive toxicol-
ogy test result based on universal screening when establish-
ing prenatal care. Using a population-based cohort design, they
examined outcomes of gestational hypertension, preeclamp-
sia, eclampsia, gestational diabetes, gestational weight gain
greater and less than guidelines, placenta previa, placental
abruption, placenta accreta, and severe maternal morbidity
during an 8-year period (2011-2019).

0f 316 722 pregnancies, 6.3% screened positive for prena-
tal cannabis use, 2.9% positive by self-report, 5.3% by toxicol-
ogy testing, and 1.8% by both. Prenatal cannabis use was
associated with a greater risk of gestational hypertension (ad-
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justed risk ratio [aRR], 1.17; 95% CI, 1.13-1.21), preeclampsia
(aRR, 1.08; 95% CI, 1.01-1.15), weight gain less than (aRR, 1.05;
95% CI, 1.01-1.08) and greater than (aRR, 1.09; 95% CI, 1.08-
1.10) guidelines, and placental abruption (aRR, 1.19; 95% CI,
1.05-1.36) but inversely associated with gestational diabetes
(aRR, 0.89; 95% CI, 0.85-0.94).

During the past 2 decades, the prevalence of prenatal can-
nabis use has more than doubled, in part due to changing le-
galization patterns leading to greater availability and per-
ceived safety.? The potency of cannabis has also increased.?
Many use cannabis to alleviate symptoms of nausea, insom-
nia, pain, and stress in pregnancy, especially during the first
trimester when the fetus is most sensitive to environmental
exposures. The American College of Obstetricians and Gyne-
cologists has advised to abstain from cannabis when preg-
nant and breastfeeding, but many continue to use, as current
safety data are limited.* There is concern for adverse preg-
nancy outcomes given that §°-tetrahydrocannabinol (the main
psychoactive component of cannabis) can cross the placenta.*

This cohort was previously used to study the association
of cannabis exposure with neonatal outcomes.> They found
that in utero cannabis exposure was associated with an in-
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