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Abstract

IMPORTANCE Rates of prenatal cannabis use are increasing alongside perceptions that cannabis is
a harmless therapeutic for pregnancy-related ailments, while rates of prenatal use of alcohol and
tobacco are decreasing. It is important to examine whether cannabis use during pregnancy is
increasing similarly among patients with and patients without co-occurring substance use.

OBJECTIVES To examine trends in cannabis polysubstance use during pregnancy and to test
differences in cannabis use over time among pregnant individuals who use only cannabis vs those
who use cannabis and other substances.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional time-series study used data from
367 138 pregnancies among 281 590 unique pregnant patients universally screened for prenatal
substance use as part of standard care in Kaiser Permanente Northern California from January 1,
2009, to December 31, 2018. Statistical analysis was performed from October 5, 2021, to April
18, 2022.

EXPOSURES Time (calendar year).

MAIN OUTCOMES AND MEASURES Use of substances during early pregnancy was assessed via
universal screening with a self-administered questionnaire (for cannabis, alcohol, stimulants, and
nicotine) and/or positive results of a urine toxicology test (for cannabis, alcohol, stimulants, and
pharmaceutical opioids), and data were extracted from the electronic health record.

RESULTS The study sample of 367 138 pregnancies from 281 590 unique pregnant patients (median
gestation at time of screening, 8.6 weeks [IQR, 7.3-10.6 weeks]) was 25.9% Asian or Pacific Islander,
6.6% Black, 25.8% Hispanic, 38.0% non-Hispanic White, and 3.6% other race or ethnicity; 1.1% were
aged 11 to 17 years, 14.9% were aged 18 to 24 years, 61.9% were aged 25 to 34 years, and 22.1% were
aged 35 years or older; and the median neighborhood household income was $70 455 (IQR, $51 563-
$92 625). From 2009 to 2018, adjusted rates of use of only cannabis during pregnancy (no other
substances) increased substantially from 2.39% (95% CI, 2.20%-2.58%) in 2009 to 6.30% (95% CI,
6.00%-6.60%) in 2018, increasing at an annual relative rate of 1.11 (95% CI, 1.10-1.12). The rate of use
of cannabis and 1 other substance also increased (annual relative rate, 1.04 [95% CI, 1.03-1.05]), but
not as rapidly (P < .001 for difference), while the rate of use of cannabis and 2 or more other
substances decreased slightly (annual relative rate, 0.97 [95% CI, 0.96-0.99]). Adjusted rates of
prenatal use of cannabis and alcohol (1.04 [95% CI, 1.03-1.06]) and cannabis and stimulants (1.03
[95% CI, 1.01-1.06]) increased over time, while rates of prenatal use of cannabis and nicotine (0.97
[95% CI, 0.96-0.98]) decreased.
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Key Points
Question Is prenatal cannabis use

increasing more rapidly over time
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those with co-occurring prenatal
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Findings In this cross-sectional time-

series study using data from 367 138

pregnancies among 281 590 unique

pregnant patients screened for prenatal

substance use during early pregnancy

as part of routine prenatal care in Kaiser

Permanente Northern California, rates

of prenatal use of only cannabis
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cannabis and 1 other substance, while

rates of use of cannabis and 2 or more
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Meaning This study suggests that

increases in prenatal cannabis use may

be associated in part with pregnant

individuals who use only cannabis and

no other substances, which could reflect

growing acceptability of cannabis use

and decreasing perceptions of

cannabis-related harms.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cross-sectional time-series study, rates of prenatal
cannabis use during early pregnancy increased significantly more rapidly among patients without
co-occurring substance use, which could reflect increased acceptability of cannabis and decreased
perceptions of cannabis-related harms. Furthermore, increased rates of use of cannabis with alcohol
and stimulants warrant continued monitoring.

JAMA Network Open. 2022;5(6):e2215418. doi:10.1001/jamanetworkopen.2022.15418

Introduction

Cannabis use during pregnancy is a growing public health concern. Prenatal cannabis use is
associated with adverse health effects, including poor perinatal outcomes (eg, low birth weight) and
neurodevelopmental consequences for children exposed to cannabis in utero.1-5 Polysubstance use,
a major concern generally in the US,6 also has implications for pregnant individuals. During
pregnancy, cannabis use increases the risk of other substance use,7-10 which may then compound the
adverse health effects of cannabis alone.11-15 Tobacco and alcohol are particularly teratogenic,16-25

and their use frequently co-occurs with cannabis use during pregnancy,7,8 making it difficult to
differentiate health risks specific to prenatal cannabis use vs other substance or polysubstance use.8

The American College of Obstetricians and Gynecologists3 and the American Academy of
Pediatrics5 strongly advise pregnant individuals to abstain from cannabis use. However, the
prevalence and frequency of prenatal cannabis use have increased in recent years,26-28 even as rates
of prenatal alcohol and nicotine use have decreased.29,30 With increased legalization, growing
acceptance, and accessibility of cannabis,31,32 as well as messages from cannabis retailers that it
effectively treats pregnancy-related symptoms (such as morning sickness),33 many pregnant
individuals using cannabis consider it safe and natural.34,35

As prenatal cannabis use rates increase along with perceptions that cannabis is a safe and
effective treatment for pregnancy-related symptoms, rates of pregnant women’s co-use of other
substances may be decreasing, particularly co-use of tobacco and alcohol. However, we do not know
whether prenatal cannabis polysubstance use has changed over time, and research on its changing
patterns is needed to better understand prenatal cannabis use and to develop targeted intervention
and prevention strategies. Using data from a large, multispecialty health care system in Northern
California with universal screening for prenatal substance use, this study examined trends in cannabis
polysubstance use from 2009 through 2018, and tested whether prenatal cannabis use was
increasing more rapidly among women with vs without co-occurring substance use.

Methods

Data Source and Study Population
This cross-sectional time-series study was conducted in a large integrated health care delivery
system (ie, Kaiser Permanente Northern California [KPNC]) serving more than 4 million diverse
members who are very similar to the fully insured adult population in the Northern California area
with regard to race and ethnicity and educational attainment and somewhat less likely to be covered
by Medi-Cal or live in a lower-income neighborhood.36 All pregnancies screened for prenatal
substance use by self-report during standard prenatal care from January 1, 2009, to December 31,
2018, were considered for inclusion. Data were obtained from the electronic health record. The
KPNC institutional review board approved this study and waived informed consent because the
study uses data only with no participant contact. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.
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Measures
Pregnant patients in KPNC are universally screened for prenatal substance use, typically during the
first prenatal visit (at approximately 8 weeks’ gestation), by both a self-administered questionnaire
and a urine toxicology test to which they consent.37-39 Individuals were classified as having prenatal
cannabis, alcohol, or stimulant use if they self-reported any cannabis, alcohol, or stimulant
(methamphetamine and cocaine) use since pregnancy and/or had a positive urine toxicology test
result for cannabis, alcohol, or stimulants (methamphetamine or amphetamine, cocaine) (eAppendix
in the Supplement). Prior work supports combining data from self-report and urine toxicology testing
to best capture substance use during pregnancy.40 Nicotine use was measured by self-report only
(urine toxicology tests for nicotine were not available). Pharmaceutical opioid use was measured by
urine toxicology testing only (self-reported data were not available).

We examined any use of each substance (cannabis, alcohol, nicotine, pharmaceutical opioids,
and stimulants) and the number of substances co-occurring with cannabis (cannabis only, cannabis
and 1 substance, or cannabis and �2 substances), and specific type of co-occurring substance use
(cannabis and alcohol, cannabis and nicotine, cannabis and pharmaceutical opioids, or cannabis and
stimulants).

Our substance use screening (by self-report and urine toxicology) does not distinguish between
prescribed vs illicit use of pharmaceutical opioids and amphetamines. We conducted a sensitivity
analysis limited to illicit or unauthorized use of these substances by considering use of these
substances only among patients who had not filled a prescription for the substance in the 90 days
prior to screening. Illicit or unauthorized pharmaceutical opioid use was defined as having a positive
result by urine toxicology testing and no prescription for an opioid filled during the 90 days prior to
screening. Illicit or unauthorized stimulant use was defined as (1) cocaine and/or methamphetamine
use determined by self-report and/or urine toxicology testing, and/or (2) a positive toxicology test
result for amphetamines and no prescription for an amphetamine filled during the 90 days prior to
the screening date. Sociodemographic variables were extracted from patients’ electronic health
record and included age, self-reported race and ethnicity, and median neighborhood household
income quartiles based on census data.

Statistical Analysis
Crude Prevalence of Prenatal Cannabis Use and Co-occurring Substance Use
Statistical analysis was performed from October 5, 2021, to April 18, 2022. We calculated the
unadjusted prevalence of any prenatal cannabis use, number of substances co-occurring with
prenatal cannabis use, and specific type of substance co-occurring with prenatal cannabis use.

Linear Trends in Prenatal Cannabis Use and Co-occurring Use of Other Substances
We used Poisson regression with a log-link function to model the annual prevalence and 95% CIs of
prenatal cannabis use and polysubstance use. Separate models were run for each outcome: any
prenatal cannabis use, number of co-occurring substances, and specific type of co-occurring
substance use. Poisson regression is used to model count and rate variables and provides a versatile
analytical method for quantifying the time trends. Annual prevalences were adjusted for age, race
and ethnicity, and median neighborhood household income using direct standardization to the mean
covariate distribution across the study period. Individuals with multiple pregnancies were allowed
to contribute to the annual prevalence estimation in multiple years. To model the mean linear trends
across the study period, we included a linear term for the calendar year of the first prenatal visit in
the Poisson regression model and tested the statistical significance of the trend using a Wald test. To
better understand year-by-year changes, we also estimated the relative rate for each study year
compared with the previous study year (eg, 2012 vs 2011). Multinomial regression models were
conducted to test for the differences in linear trends over time by cannabis polysubstance use
(cannabis only, cannabis and 1 substance, cannabis and �2 substances).41 These multinomial
regression models were repeated in sensitivity analyses limited to individuals with illicit or
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unauthorized use of pharmaceutical opioids or stimulants. Analyses were conducted using SAS,
version 9.4 (SAS Institute Inc), and a 2-sided P < .05 was considered statistically significant.

Results

Study Sample
Of the 418 589 eligible pregnancies, 5033 (1.2%) with an incomplete prenatal substance use
screening questionnaire and an additional 46 418 (11.1%) without a urine toxicology test were
excluded. The final study sample included 367 138 pregnancies from 281 590 unique pregnant
patients screened for prenatal substance use (median gestation at time of screening, 8.6 weeks [IQR,
7.3-10.6 weeks]); 72 012 patients (25.6%) had more than 1 pregnancy during the study period.

The sample of pregnancies was 25.9% Asian or Pacific Islander, 6.6% Black, 25.8% Hispanic,
38.0% non-Hispanic White, and 3.6% other race or ethnicity (American Indian or Alaska Native,
those with multiple races, and those with unknown or missing race or ethnicity); 1.1% were aged 11 to
17 years, 14.9% were aged 18 to 24 years, 61.9% were aged 25 to 34 years, and 22.1% were aged 35
years or older; and the median neighborhood household income was $70 455 (IQR,
$51 563-$92 625). Differences were minimal between pregnancies excluded vs included in age
(mean [SD], 30.4 [5.8] vs 30.2 [5.6] years; P < .001) or median neighborhood household income
(mean [SD], $73 539 [$31 115] vs $74 299 [$30 712]; P < .001); however, pregnancies in Asian or
Pacific Islander (11.2%), non-Hispanic White (12.2%), and Hispanic patients (12.6%) were slightly less
likely to be excluded than pregnancies in Black patients (14.7%) or those with other or unknown race
or ethnicity (14.1%) (P < .001).

Crude Prevalence of Prenatal Cannabis Use and Polysubstance Use
Across 10 years, 6.1% of patients screened positive for any prenatal cannabis use (eTable 1 in the
Supplement); 3.4% indicated no cannabis use by self-report but had positive urine toxicology test
results, 1.0% indicated cannabis use by self-report but had negative urine toxicology test results, and
1.7% indicated cannabis use by self-report and had positive urine toxicology test results. More than
two-thirds of patients who used cannabis (69.6%) used only cannabis, while 22.4% used cannabis
and 1 other substance, and 8.0% used cannabis and 2 or more substances. In the overall sample of all
pregnant patients, 4.2% used only cannabis, 1.4% used cannabis and 1 other substance, and 0.5%
used cannabis and 2 or more substances; 1.2% used cannabis and alcohol, 0.9% used cannabis and
nicotine, 0.1% used cannabis and pharmaceutical opioids, and 0.2% used cannabis and stimulants.
Prenatal cannabis use and polysubstance use were more common among patients who were
younger, Black, and from a lower-income neighborhood (eTable 1 in the Supplement).

Table 1 shows the unadjusted prevalence of any cannabis use, number of co-occurring
substances, and specific type of substance co-use across study years. The crude prevalence of any
cannabis use increased from 4.52% in 2009 to 8.01% in 2018. This increase appeared to be
associated predominantly with an increase in the crude prevalence of only cannabis use, from 2.62%
in 2009 to 5.77% in 2018. No trends across cannabis polysubstance use were observed when looking
at the crude prevalences.

Adjusted Linear Trends in Cannabis Use and Polysubstance Use During Pregnancy
From 2009 to 2018, the adjusted prevalence of any prenatal cannabis use increased from 4.14%
(95% CI, 3.85%-4.43%) to 8.73% (95% CI, 8.33%-9.12%), at a mean annual relative rate of 1.08 (95%
CI, 1.08-1.09) (eTable 2 in the Supplement). Use of only cannabis during pregnancy (no other
substances) increased substantially from 2.39% (95% CI, 2.20%-2.58%) in 2009 to 6.30% (95% CI,
6.00%-6.60%) in 2018, increasing at a mean annual relative rate of 1.11 (95% CI, 1.10-1.12) (Table 2;
Figure 1). Use of cannabis and 1 other substance during pregnancy increased moderately from 1.19%
(95% CI, 1.07%-1.32%) in 2009 to 1.92% (95% CI, 1.77%-2.07%) in 2018 at a mean annual relative
rate of 1.04 (95% CI, 1.03-1.05). Comparing the annual rates of increase, use of only cannabis during
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pregnancy increased faster than use of cannabis and 1 other substance during pregnancy (P < .001).
Annual rates of use of cannabis and 1 other substance during pregnancy increased more sharply in
recent years, with a relative rate of increase of 1.15 (95% CI, 1.00-1.31) for 2017 vs 2016 and a relative
rate of increase of 1.31 (95% CI, 1.16-1.48) for 2018 vs 2017. Use of cannabis and 2 or more other
substances during pregnancy decreased slightly from 0.56% (95% CI, 0.48%-0.64%) in 2009 to
0.50% (95% CI, 0.43%-0.57%) in 2018 at a mean annual relative rate of 0.97 (95% CI, 0.96-0.99).

Regarding specific types of polysubstance use, prenatal co-use of cannabis and alcohol
increased from 1.11% (95% CI, 0.99%-1.23%) in 2009 to 1.87% (95% CI, 1.73%-2.02%) in 2018 at a
mean annual relative rate of 1.04 (95% CI, 1.03-1.06) (Table 2; Figure 2). This increasing trend
appeared to be associated with sharp increases in 2017 and 2018 (relative rates of increase, 1.26
[95% CI, 1.09-1.45] for 2017 vs 2016 and 1.39 [95% CI, 1.23-1.57] for 2018 vs 2017). Prenatal co-use of
cannabis and stimulants increased from 0.16% (95% CI, 0.12%-0.20%) in 2009 to 0.23% (95% CI,
0.18%-0.27%) in 2018 at a mean annual relative rate of 1.03 (95% CI, 1.01-1.06). In contrast, prenatal
co-use of cannabis and nicotine decreased from 1.05% (95% CI, 0.93%-1.16%) in 2009 to 0.83%
(95% CI, 0.73%-0.92%) in 2018 at a mean annual relative rate of 0.97 (95% CI, 0.96-0.98). Prenatal
co-use of cannabis and pharmaceutical opioids remained stable, with a prevalence of 0.08% (95%
CI, 0.06%-0.10%) in 2009 and 0.07% (95% CI, 0.05%-0.08%) in 2018 and with a mean annual
relative rate of 1.00 (95% CI, 0.97-1.03).

Linear Trends in Other Substance Use During Pregnancy
To better understand the context of trends in cannabis polysubstance use, we separately examined
the overall crude prevalence and adjusted trends in other types of prenatal substance use during the
study period. Across years, the crude prevalence of prenatal alcohol use (9.78%) was higher than
prenatal nicotine use (2.79%), prenatal pharmaceutical opioid use (0.42%), and prenatal stimulant
use (0.38%). The prevalence of any prenatal alcohol use, nicotine use, and pharmaceutical opioid use
all decreased over time. Alcohol use decreased from 11.73% (95% CI, 11.31%-12.14%) in 2009 to
10.86% (95% CI, 10.51%-11.20%) in 2018 at a mean annual relative rate of 0.98 (95% CI, 0.97-0.98),
nicotine use decreased from 4.21% (95% CI, 3.95%-4.48%) in 2009 to 2.06% (95% CI,
1.89%-2.22%) in 2018 at a mean annual relative rate of 0.92 (95% CI, 0.91-0.93), and pharmaceutical
opioid use decreased from 0.52% (95% CI, 0.45%-0.58%) in 2009 to 0.22% (95% CI,
0.19%-0.26%) in 2018 at a mean annual relative rate of 0.94 (95% CI, 0.92-0.95) (eTable 2 in the
Supplement). In contrast, there was an increase in stimulant use from 0.34% (95% CI,

Table 1. Unadjusted Prevalence of Prenatal Cannabis Use During Early Pregnancy in Kaiser Permanente Northern California, by Number of Co-occurring Substances,
2009-2018 (N = 367 138)a

Substance use

Unadjusted prevalence of cannabis and co-occurring substance use during pregnancy, %

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Any cannabis use 4.52 4.93 5.36 5.33 5.41 5.98 6.23 6.54 7.25 8.01

No. of co-occurring substances

Cannabis only 2.62 3.12 3.42 3.46 3.64 4.24 4.55 4.91 5.47 5.77

Cannabis and 1 other substance 1.29 1.24 1.34 1.32 1.31 1.30 1.27 1.23 1.38 1.78

Cannabis and ≥2 other substances 0.61 0.57 0.59 0.55 0.46 0.44 0.41 0.39 0.40 0.46

Type of co-occurring substance use

Cannabis only 2.62 3.12 3.42 3.46 3.64 4.24 4.55 4.91 5.47 5.77

Cannabis and alcohol 1.19 1.15 1.19 1.19 1.14 1.12 1.07 1.04 1.28 1.75

Cannabis and nicotine 1.16 1.07 1.12 1.04 0.91 0.88 0.81 0.80 0.71 0.74

Cannabis and pharmaceutical
opioids

0.08 0.06 0.07 0.08 0.09 0.09 0.10 0.07 0.07 0.06

Cannabis and stimulants 0.18 0.16 0.21 0.17 0.15 0.18 0.18 0.17 0.18 0.20

a When presenting the crude prevalence for type of co-occurring substance use, with the
exception of cannabis only, categories are not mutually exclusive, and patients can be
included in more than 1 group (eg, cannabis and alcohol, cannabis and nicotine).

Therefore, the categories within a year do not add up to the total prevalence of
cannabis use in that year.
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0.28%-0.40%) in 2009 to 0.48% (95% CI, 0.42%-0.55%) in 2018 at a mean annual relative rate of
1.05 (95% CI, 1.03-1.06).

Sensitivity Analysis
Of the 1529 pregnancies with positive results for a pharmaceutical opioid via urine toxicology testing,
568 were considered to have illicit or unauthorized pharmaceutical opioid use. Of the 1380
pregnancies with positive results for stimulant use, 1278 were considered to have illicit or
unauthorized stimulant use. Using these new definitions, the adjusted linear trends in cannabis
polysubstance use (cannabis and 1 substance, cannabis and �2 substances) and co-use of cannabis
and illicit or unauthorized stimulants changed minimally (eTable 3 in the Supplement). However, in
contrast to our primary results, co-use of cannabis and illicit or unauthorized pharmaceutical opioids
increased over time, with a prevalence of 0.01% (95% CI, 0.01%-0.02%) in 2009 and 0.04% (95%
CI, 0.03%-0.06%) in 2018, and a mean annual relative rate of 1.09 (95% CI, 1.06-1.13).

The prevalence of illicit or unauthorized pharmaceutical opioid use remained stable over time
(from 0.14% [95% CI, 0.10%-0.17%] in 2009 to 0.14% [95% CI, 0.11%-0.16%] in 2018), at a mean
annual relative rate of 1.02 (95% CI, 1.00-1.05), and the prevalence of illicit or unauthorized stimulant
use increased over time (from 0.33% [95% CI, 0.27%-0.39%] in 2009 to 0.41% [95% CI, 0.35%-
0.47%] in 2018), at a mean annual relative rate of 1.03 (95% CI, 1.01-1.05).

Figure 1. Adjusted Prevalence of Cannabis Use During Early Pregnancy in Kaiser Permanente Northern California,
by Count of Polysubstance Use, 2009-2018 (N = 367 138)
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Figure 2. Adjusted Prevalence of Cannabis Use During Early Pregnancy in Kaiser Permanente Northern California,
by Type of Polysubstance Use, 2009-2018 (N = 367 138)
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Discussion

Our cross-sectional time-series study of trends in cannabis polysubstance use during early pregnancy
in a large health care system in Northern California has 4 key findings. First, increases in cannabis use
were associated largely with increased cannabis use only, without co-occurring substance use.
Second, in contrast to increases in use of only cannabis and use of cannabis and 1 other substance,
use of cannabis and 2 or more other substances decreased. Third, trends in prenatal cannabis
polysubstance use varied with substance type and whether pharmaceutical opioids were prescribed.
Fourth, we saw a reduction in prenatal use of alcohol, nicotine, and pharmaceutical opioids over the
10 years.

Although studies have documented increases in prenatal cannabis use over the past decade,
this is the first study, to our knowledge, to show that prenatal cannabis use is increasing significantly
more rapidly without co-occurring substance use. Cannabis-only users represented 58% of all
patients with prenatal cannabis use in 2009, which increased to 72% of such patients in 2018. Prior
studies showed that some pregnant individuals believe that prenatal cannabis is safe and effective to
treat pregnancy-related symptoms, such as depression, stress, and morning sickness,33,42-44 and
many individuals who use cannabis during pregnancy perceive slight to no risk in its use.34,35

Increases in prenatal cannabis use support the hypothesis that individuals who would otherwise not
use any substances during pregnancy may be increasingly turning to cannabis. Alternatively,
increases in use of only cannabis during pregnancy could reflect substitution of cannabis for
substances viewed as more harmful when used during pregnancy (eg, pharmaceutical opioids or
nicotine use, which decreased during the study period). Future research is needed to understand the
mechanisms underlying the substantial increase in use of only cannabis without other substances.

Some adverse health effects associated with prenatal cannabis use may be due, in part, to
concurrent prenatal use of tobacco and other substances, and prior research has typically lacked
power to examine a subgroup of individuals who use only cannabis.8 As the use of cannabis without
co-occurring substance use becomes increasingly common, it may be easier for researchers to
identify the health effects associated specifically with prenatal cannabis use.

We also found a moderate increase in use of cannabis and 1 other substance. Trends in co-use
differed depending on substance type, with an increase in co-use of cannabis and alcohol and
cannabis and stimulants, and a decrease in co-use of cannabis and nicotine. Although increases in
co-use of cannabis and stimulants could reflect, in part, general increases seen in the prevalence of
both substances, pregnant patients were less likely to use alcohol, suggesting that increases in co-use
of cannabis and alcohol do not simply reflect changes in trends of prenatal alcohol use. The
increasing rates of prenatal co-use of cannabis with alcohol and stimulants warrant continued
monitoring. In addition, the decreases seen in prenatal use of alcohol, nicotine, and pharmaceutical
opioids over the 10 years may partly result from public health campaigns and increasing awareness of
the harms associated with prenatal use.45,46 However, our sensitivity analysis found an increasing
trend of prenatal cannabis and illicit or unauthorized pharmaceutical opioid rates, reflecting
increases in co-use of cannabis with pharmaceutical opioids that were not prescribed by a medical
professional (eg, via medication diversion).

We found a higher prevalence of cannabis use and cannabis polysubstance use among patients
who were younger, Black, or from a lower-income neighborhood, consistent with earlier research
demonstrating a higher prevalence of cannabis use among pregnant and nonpregnant patients in
these demographic groups.28,35,47,48 Future quantitative and qualitative studies are needed to better
understand underlying differences in prenatal cannabis use and polysubstance use.

Prior studies found that frequency of prenatal cannabis use is increasing, with daily use
increasing most rapidly.28 Increases in daily use could reflect increases in acceptability of cannabis or
perceptions of safety, decreasing concerns about legal repercussions, or possibly greater addiction
due to availability of higher-potency cannabis products. Prior research with KPNC pregnant patients
showed increased cannabis use both by self-report and by urine toxicology testing, indicating that
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increased use is due not only to increased willingness in recent years to disclose use.27 Qualitative
studies indicate that pregnant individuals are dissatisfied with the quality of information available
about health risks of prenatal cannabis use,34,42 and report that obstetric health care professionals
often do not respond to or counsel patients when they disclose prenatal cannabis use.49

Furthermore, individuals who serve customers at cannabis dispensaries (“budtenders”) may spread
misinformation by advising that cannabis use during pregnancy is safe for treating pregnancy-related
symptoms.33 Results from this study highlight the importance of educating health care professionals
about the risks of prenatal cannabis use and providing training in how to provide sensitive, patient-
centered counseling that helps pregnant patients make informed choices around cannabis use during
pregnancy. Public health approaches, such as budtender trainings and more visible package
warnings, may be helpful strategies to increase public awareness of the risks associated with prenatal
cannabis use and to dispel the misperception that prenatal cannabis use is without harms.

Limitations
This study has some limitations. Our sample is limited to pregnant patients screened for prenatal
substance use during early pregnancy in 1 large integrated health care system in Northern California,
and findings may not be generalizable to patients without access to health care, those outside
California, or those within KPNC who were not screened for substance use. Although patients
screened vs not screened were generally similar, those not screened were slightly more likely to be
Black or of other or unknown race and ethnicity. Restricting only to patients who are screened could
introduce bias in effect estimates; however, a missing urine toxicology test result is commonly due
to system issues such as an insufficient urine sample, and we observed only minor differences in the
excluded and included patients, so we expect that our exclusions would introduce minimal bias.
Although California’s cannabis legal landscape and use patterns are not representative of the US
more broadly, California acts as a bellwether of what is to come for other states, and the current
study’s results can help inform future US trends.

Prenatal substance use was assessed at entrance to prenatal care (at approximately 8 weeks’
gestation) and does not reflect continued use. Furthermore, we are unable to distinguish use during
early pregnancy that occurred only before vs after patients learned they were pregnant. Although
cannabis, cocaine, and methamphetamine use during pregnancy were assessed by self-report and
urine toxicology testing, alcohol and nicotine use during pregnancy were limited to patient self-
report, and pharmaceutical opioid use and amphetamine use were limited to urine toxicology
testing. Owing to variation in the detection window for different substances and limitations of self-
report, some patients who used these substances during pregnancy may be misclassified as
nonusers. Our study did not measure nonpharmaceutical opioid use (eg, heroin). Furthermore, we
were not able to account for frequency of use, quantity of use, or potency of cannabis products. We
attempted to differentiate use of stimulants and pharmaceutical opioids that were licit vs
unauthorized or illicit using data on past 90-day prescription fills in KPNC; however, some patients
may have received prescriptions outside of KPNC. Furthermore, we were unable to assess whether
prenatal cannabis use was for medical purposes as recommended by a physician. Additional research
is needed to examine patterns of cannabis polysubstance use and substance use disorders
throughout pregnancy, and to test whether findings vary depending on whether substance use is
self-reported or identified only via results of urine toxicology testing.

Conclusions

As cannabis use becomes more acceptable and accessible,31,50 this cross-sectional time-series study
found that its use during early pregnancy is increasing most rapidly among patients who use only
cannabis and no other substances. Increasing use of cannabis without other substance use could
reflect increasing rates of use among those not at risk for other prenatal substance use or
substitution of cannabis for other substances viewed as more harmful when used during pregnancy.
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Evidence-based public health campaigns to increase education and awareness and more visible
package warnings about the potential harms of prenatal cannabis use may enable pregnant
individuals to make informed decisions about using cannabis.
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