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Background: Cannabis use and cannabis use disorders are increasing in prevalence, including
among pregnant women. The objective was to evaluate the association of a cannabis-related
diagnosis (CRD) in pregnancy and adverse maternal and infant outcomes.

Methods: We queried an administrative birth cohort of singleton deliveries in California between
2011-2017 linked to maternal and infant hospital discharge records. We classified pregnancies
with CRD from International Classification of Disease codes. We identified nicotine and other
substance-related diagnoses (SRD) in the same manner. Outcomes of interest included maternal
(hypertensive disorders) and infant (prematurity, small for gestational age, NICU admission, major
structural malformations) adverse outcomes.

Results: From 3,067,069 pregnancies resulting in live births, 29,112 (1.0%) had a CRD. CRD
was associated with an increased risk of all outcomes studied; the strongest risks observed were
for very preterm birth (aRR 1.4, 95% CI 1.3, 1.6) and small for gestational age (aRR 1.4, 95% CI
1.3, 1.4). When analyzed with or without co-exposure diagnoses, CRD alone conferred increased
risk for all outcomes compared to no use. The strongest effects were seen for CRD with other SRD
(preterm birth aRR 2.3, 95% CI 2.2, 2.5; very preterm birth aRR 2.6, 95% ClI 2.3, 3.0;
gastrointestinal malformations aRR 2.0, 95% CI 1.6, 2.6). The findings were generally robust to
unmeasured confounding and misclassification analyses.

Conclusions: CRD in pregnancy was associated with increased risk of adverse maternal and
infant outcomes. Providing education and effective treatment for women with a CRD during
prenatal care may improve maternal and infant health.

Keywords

cannabis related diagnosis; epidemiology; adverse maternal outcomes; adverse birth outcomes

Introduction

Presently, over half of the states in the United States have passed laws to legalize cannabis
for medical or recreational purposes. From 2002 to 2013 the prevalence of cannabis use
more than doubled to 9.5% among individuals 18 and older, with significant increases
observed across demographic subgroups (Hasin et al., 2015). Further, one-third of cannabis
users met DSM-/V criteria for a cannabis use disorder, the behavioral disorder that can occur
with chronic cannabis use (Hasin et al., 2015). The prevalence and frequency of self-
reported past-month cannabis use among women of reproductive age and of pregnant
women has seen parallel increases. In the 2019 National Survey on Drug Use and Health,
17% of women surveyed between the ages of 15 to 44, and 6% of pregnant women reported
cannabis use (“National Survey on Drug use and Health,” 2019). The self-report of heavy
cannabis use in this sample has also increased. The adjusted prevalence of past-month daily/
near daily cannabis among pregnant women increased from 0.9% to 3.4% between 2002—
2017 (Molkow et al., 2019). International Classification of Diseases (ICD) codes have also
been used to capture prenatal cannabis exposure. From ICD10, cannabis-related diagnoses
include cannabis abuse with or without withdrawal, cannabis dependence, and cannabis use
unspecified. Between 1999-2013, pregnancies with an ICD code for a cannabis-related
diagnosis rose from 3.2 to 8.5 per 1,000 births (Petrangelo et al., 2019). Historically,
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cannabis users in pregnancy were more likely to report concomitant substance use, including
alcohol, tobacco and illicit substances (Ko et al., 2015; Michalski et al., 2020), many of
which confer independent risks for negative birth outcomes. It is unclear whether the
propensity for concomitant substance use will change as cannabis becomes increasingly
legal.

Tetrahydrocannabinol (THC), the psychoactive component of cannabis, acts on the
cannabinoid receptors that are expressed in the central nervous system and peripheral tissues
(Metz and Borgelt, 2018). THC readily crosses the placenta, and the endocannabinoid
system of the fetus is present from at least gestational day 16 (Molkow et al., 2017). The
endocannabinoid system plays an important role in implementation and maintenance of the
pregnancy, and it is plausible that disruption of endocannabinoid signaling could
compromise placentation leading to adverse pregnancy outcomes (Metz and Stickrath, 2015;
Richardson et al., 2016). Animal models dating back to the 1970s have demonstrated that
early stages of mammalian development are sensitive to cannabis-induced birth defects, with
consistent, reproducible array of structural abnormalities following relatively high doses of
THC (Gilbert et al., 2016; Joneja, 1976). Recently, several ecologic analyses have reported
higher prevalence of structural malformations in areas with greater cannabis consumption
(Reece and Hulse, 2020a, 2020b, 2019a); however, individual level data are necessary to
further interrogate these findings and make assertions about possible causal mechanisms. In
2018, the National Academies of Sciences reported substantial evidence of an association
between prenatal cannabis exposure, lower birthweight and infant admission to the neonatal
intensive care unit (NICU), and some evidence of maternal anemia (Committee on the
Health Effects of Marijuana: National Academies of Sciences, 2018). However, the
inconsistent literature was not sufficient to support associations with other adverse
outcomes, including prematurity and major malformations in infants. Others have reviewed
the evidence with similar conclusions (Conner et al., 2016; Gunn et al., 2016; Metz and
Stickrath, 2015; Singh et al., 2020), although notably, newer studies have offered more
support for an association with preterm birth and small for gestational age offspring (Corsi et
al., 2019; Luke et al., 2019; Michalski et al., 2020; Petrangelo et al., 2019).

Medical and public health experts are widely opposed to efforts to criminalize substance use
by pregnant women (American Medical Association’s Board of Trustees, 1990; Angelotta
and Appelbaum, 2017; Committee on Substance Abuse, 1995; The American College of
Obstetricians and Gynecologists, 2011), and maintain that punitive measures taken toward
pregnant women have no proven benefit and are contrary to the welfare of the mother and
fetus (American Medical Association’s Board of Trustees, 1990; Committee on Substance
Abuse, 1995; Faherty et al., 2020). The medical model of addiction views substance use
disorders as chronic, relapsing diseases, and promotes treatment to reduce consumption of
substances during pregnancy. Given the increasing prevalence of cannabis use and cannabis
use disorders, it is essential that we continue to estimate the risks that prenatal exposure has
on the pregnant woman and the developing offspring; enabling women to make informed
choices and supporting treatment provision for those who would benefit from that
healthcare.
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We queried an administrative birth cohort in the state of California to investigate the
association between a cannabis-related diagnosis (CRD) and adverse maternal and infant
outcomes. Specifically, we sought to 1) characterize prevalence of CRD, both as a stand-
alone exposure and concomitant with other substance-related diagnoses (SRD), over the
period of 2011-2017; and 2) estimate the association between CRD and adverse maternal
(hypertensive disorders) and infant (prematurity, small for gestational age, NICU admission,
and major structural malformations) outcomes.

2. Materials and methods

This retrospective cohort is a population based administrative cohort comprised of over 3
million pregnancies in California. All births in the state of California with a resulting birth
certificate were eligible for inclusion in the administrative cohort. Birth certificates were
linked to hospital discharge, emergency department, and/or ambulatory surgery record(s)
(referred to here as health records) maintained by the California Office of Statewide Health
Planning and Development. Health records provided diagnostic codes based on the
International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9) and
10th Revision, Clinical Modification (ICD-10). Records were linked for one year before the
infant’s birth (pregnant women only) through one year after birth (pregnant woman and
infant). Our analytic sample was limited to live-born, singleton deliveries between 2011-
2017 (Supplemental Figure 1), which is the latest year that linkage has been performed. The
study was approved by the Committee for the Protection of Human Subjects within the
Health and Human Services Agency of the State of California.

2.1 Exposure, outcomes and covariates

Exposures, outcomes and covariates of interest were identified from health records made
during pregnancy or the delivery episode, or from birth record variables where applicable
(data source and specific ICD codes are in Supplemental Table 1). Maternal diagnoses from
health records were identified from any visit in pregnancy or the delivery episode. Infant
diagnoses were identified from delivery or any encounter in the first year of life. CRD was
identified from ICD-9 (304.3: cannabis dependence, 305.2: non-dependent cannabis abuse)
and ICD-10 codes (F12: cannabis-related disorders). We further identified the use of nicotine
and other substance-related diagnoses (opioids, sedatives, hypnotic or anxiolytics, cocaine or
other stimulants, and hallucinogens). Maternal outcomes included hypertensive disorders of
pregnancy (preeclampsia or gestational hypertension). Infant outcomes included preterm
birth (<37 weeks of gestation) and very preterm birth (<32 weeks of gestation), small for
gestational age (<10™ centile birthweight), NICU admission (yes/no), and major structural
malformations (present/absent). Malformations were identified from previous human and
animal literature to include oral clefts (Gilbert et al., 2016; Van Gelder et al., 2014), critical
cardiac malformations (Reece and Hulse, 2019b; Williams et al., 2004), eye malformations
(Gilbert et al., 2016), central nervous system (CNS) malformations (van Gelder et al., 2009;
Warshak et al., 2015), and gastrointestinal malformations (Forrester and Merz, 2007; Torfs
etal., 1994; Van Gelder et al., 2014). Potential confounders were identified a priori and
included maternal race and ethnicity, age, payer source, education, pre-pregnancy BMI,
anxiety disorder, major depressive disorder, bipolar disorder, preexisting hypertension,
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preexisting diabetes, and alcohol-related diagnosis. Given the strong and well-documented
relationship between prenatal alcohol exposure and these outcomes (Jones et al., 2010;
Nykjaer et al., 2014; O’Leary et al., 2009), alcohol was deliberately separated from other
substances and adjusted for in multivariable analysis.

2.2 Statistical analyses

CRD was first operationalized as any CRD in pregnancy, irrespective of co-exposures. In
subsequent models, exposure was stratified into CRD 1) without nicotine or other SRD, 2)
concomitant use of nicotine only, and 3) concomitant SRD (with or without nicotine). To
characterize CRD across the study period, we first quantified the rate of CRD per 100,000
deliveries by delivery date calendar year, including a linear test for trend. Additionally,
within each calendar year we quantified the proportion of cannabis-related diagnoses that
included concomitant use of nicotine or other SRD. We then summarized maternal
demographic and pregnancy characteristics by diagnosis of CRD, which was further
stratified by co-exposures. All outcomes were analyzed as binary outcomes, for which we
performed multivariable Poisson regression with robust standard errors (Zou, 2004) to
estimate risk ratios for pregnancy and birth outcomes. Termed a ‘modified Poisson’
regression, these generalized linear models estimate relative risk and confidence intervals for
binary dependent variables using robust error variance. Models of CRD were adjusted for
previously listed potential confounders, in addition to nicotine and SRD. Separately, we
regressed each outcome on a four-level variable of no CRD, CRD alone, CRD and nicotine,
and CRD and SRD. These models were adjusted for the same covariates with the exception
of nicotine and SRD. For models of major structural malformations, we assessed each
malformation separately, and subsequently created a variable to include the presence of any
of the select major malformations. All multivariable analyses used complete case analysis.

Administrative databases may have sub-adequate capture of important confounders such as
nicotine, other substance use and obesity (Andrade et al., 2017; Tawfik et al., 2019). Further,
there may be bias in who receives diagnoses in pregnancy, particularly surrounding
substance use diagnoses. To assess biases arising from these limitations, we performed two
bias analyses to assess unmeasured confounding and exposure misclassification (R package
episensr). First, we calculated the E-value, or the strength of an unmeasured confounder
necessary to negate the observed exposure-outcome association. E-values were computed for
each outcome in the ‘any CRD’ models. To assess exposure misclassification, we performed
a probabilistic misclassification analysis. In 2012-2013, the estimated prevalence of DSM-
IV cannabis use disorder was 3-8% among respondents 18-34 years of age (Hasin et al.,
2015). From those estimates, assuming a true rate of 5% (in contrast to the observed 1%),
we considered the effects of nondifferential misclassification on each outcome, varying the
sensitivity in those with and without each outcome from 0.2 through 0.8 over 50,000
replications. Specificity was effectively set at 1.0 as we did not anticipate false positives
being of concern. It is also possible that women without an adverse birth outcome are more
likely to have undiagnosed cannabis use than women who have an adverse birth outcome.
Therefore, we performed an analysis varying only the sensitivity of exposure classification
among pregnancies without the outcome to determine how low sensitivity would need to be
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to negate our original findings. Sensitivity in pregnancies with the outcome, and specificity
in all pregnancies was set at 1.0.
All analyses were performed in SAS 9.4 with the exception of the bias analysis, which was
performed in R 3.6.2.
3. Results

Of the 3,067,069 pregnancies resulting in singleton live births, women were most likely to
identify as Hispanic (49%) followed by non-Hispanic White (27%). Most women were
between 18-34 years of age, and were equally split (48% each) between public and private
insurance. Slightly under half of women were underweight or normal weight, and 17% had
less than a high school education. From the cohort, 29,112 (1.0%) had a CRD diagnosis. Of
pregnancies with a cannabis-related diagnosis, 53% had a CRD only, 23% had a CRD and
nicotine, and 24% had a CRD and another SRD (Table 1). CRD in pregnancy increased from
696 to 1,208 per 100,000 singleton live births over the study period (8.2% per year, Peong
<0.0001). Among women with a cannabis-related diagnosis, the proportion with CRD
without nicotine or SRD (CRD alone) increased from 50% to 59% (Figure 1).

Compared to women without a CRD, women with a CRD were more likely to identify as
non-Hispanic White, Black or other/multiple races, be less than 34 years of age, use public
insurance, have less than 12 years of education, have a mental health diagnosis, have
preexisting hypertension, use nicotine, and have an alcohol and other substance-related
diagnosis (Table 1). We were also interested in understanding whether these factors differed
by the presence or absence of other concomitant exposures. Compared to women with a
cannabis-related diagnosis plus another SRD, women with CRD alone were more likely to
be less than 18 years of age, more likely to have private insurance, more likely to have at
least 12 years of education, less likely to have a mental health diagnosis, and less likely to
have an alcohol-related diagnosis in pregnancy.

3.1 Maternal and infant outcomes

All adjusted risk ratios are displayed in figures 2-3; frequencies and percentages of each
outcome along with the crude and adjusted risk estimates are in the supplemental tables 2-3.

3.1.1 Hypertensive disorders of pregnancy—Prenatal hypertensive disorders were
more common among women with CRD compared to women without a diagnosis (9.7% vs.
6.5%) (Supplemental Table 2). In multivariable analyses (Figure 2), women with CRD were
20% more likely to have a hypertensive disorder (1.2, 95% CI 1.2, 1.3). When CRD was
analyzed with or without concomitant exposures, there was a 40% increased risk of a
hypertensive disorder associated with having a CRD alone and a 60% increased risk of a
hypertensive disorder associated with CRD and another SRD, compared to having no CRD.
Effect estimates attenuated when assessing a CRD with nicotine use and hypertensive
disorders.

3.1.2 Preterm birth and very preterm birth—The prevalence of preterm birth and
very preterm birth was higher among women with any CRD compared to women with no
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CRD (13.3% vs. 6.6%; 2.4% vs. 0.8%; Supplemental Table 2). In multivariable analyses
(Figure 2), CRD alone, CRD plus nicotine, and CRD plus SRD monotonically increased the
risk of preterm birth relative to no cannabis-related diagnosis. CRD plus other SRD had a
2.3-fold increased risk of preterm birth (aRR 2.3, 95% CI 2.2, 2.5). A very similar pattern
was observed with very preterm birth, with a 2.6-fold risk estimate of CRD and SRD, albeit
with wider confidence intervals.

3.1.3 Small for gestational age—Having an infant small for gestational age occurred
with greater frequency among women with any CRD relative to women without a diagnosis
(15.8% vs. 8.6%) (Supplemental Table 2). In multivariable analyses, effect estimates for
CRD alone and CRD with concomitant SRD were each associated with a modest increased
risk of small for gestational age; CRD with nicotine conferred the greatest risk (aRR 1.9,
95% ClI 1.8, 2.0) (Figure 2).

3.1.4 NICU admission—Effect estimates for NICU admission were similar to the effect
estimates (in magnitude and pattern) to those of preterm birth (Supplemental Table 2, Figure
2).

3.1.5 Major structural malformations—In univariate analyses, there was a 50%
increased risk of the offspring having a major malformation in women with any CRD
compared to women without a diagnosis (1.9% vs. 1.3%), which remained significant in
multivariable analysis (aRR 1.2, 95% CI 1.1, 1.3) (Supplemental Table 3). A monotonic
increase in risk estimates was observed from CRD alone to CRD with nicotine and CRD
with SRD, none of which had confidence intervals that included the null (Figure 3).
Although numbers became increasingly small, we also assessed each individual
malformation. All confidence intervals for oral clefts crossed the null, although only slightly
in estimates for any CRD, CRD with nicotine and CRD with other SRD. The risk of cardiac
malformations was also modestly elevated, although all estimates included the null. Eye
malformations, which have been noted in animal literature (Gilbert et al., 2016), were rare
and were not statistically significant (only shown in Supplemental Table 3). Conversely,
CNS malformations and gastrointestinal malformations were associated with CRD, both
alone and with concomitant exposures. The strongest risk was observed for CRD plus SRD
in the risk for gastrointestinal malformations (aRR 2.0, 95% CI 1.6, 2.6).

3.2 Bias analysis

In a bias analysis (Supplemental Table 4) we found that for most outcomes, unmeasured
confounders would need at minimum to have RRs of 1.4 to 2.1, with both having a CRD and
the outcome, to explain our findings in the CRD models. To illustrate using the model of
preterm birth, an unmeasured variable would need to increase both the likelihood of having a
CRD and the likelihood of preterm birth by 70% to negate the observed adjusted risk ratio of
1.2. When we performed a non-differential misclassification analysis, the resulting point
estimates (Supplemental Table 4) compared to our original results (unadjusted ‘any
diagnosis’ RRs in Supplemental Tables 2—3) were essentially unchanged. When we modeled
differential exposure misclassification by outcome, we found that sensitivity would need to
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vary among pregnancies without the outcome of interest from 0.3 to 0.7 to negate our
original findings.

4. Discussion

In this large, administrative birth cohort that included over 29,000 pregnancies with a CRD,
we found an increase in the prevalence of having a CRD in pregnancy over the time period,
most notably among women without other concomitant exposures to nicotine or another
SRD. The prevalence of having a CRD increased from 0.7% in 2011 to 1.2% in 2017. CRD
was independently associated with an increased risk of every outcome assessed. These
results were robust to unmeasured confounders weak to moderate in strength, as well as
differential misclassification of having a CRD.

Given the differences in exposure assessment (clinician diagnosis, self-report via surveys,
molecular testing), it is challenging to directly compare our findings to previous studies. A
study of births in the National Inpatient Sample in the United States between 1999-2013 is
likely the most directly comparable (Petrangelo et al., 2019). ICD9 codes were used to
identify CRD, which rose from 3.2 to 8.5 per 1,000 births over the study period. Having a
CRD was associated with a 40% increased odds of preterm birth, and 35% increased odds of
intrauterine growth restriction (Petrangelo et al., 2019). Both the prevalence estimates and
findings for the two outcomes are quite similar to our own. Despite the limitations to direct
comparisons with studies that did not rely on diagnostic codes, our findings do confirm
some of the previous findings, particularly with respect to an increased risk of fetal growth
restriction (here examined as small for gestational age), preterm birth, low birth weight and
NICU admission (Conner et al., 2016; Corsi et al., 2019; Crume et al., 2018; Luke et al.,
2019; Metz and Borgelt, 2018; Michalski et al., 2020; Nykjaer et al., 2014; O’Leary et al.,
2009; Paul et al., 2020; Prince et al., 2018; Van Gelder et al., 2014; Warshak et al., 2015;
Young-Wolff et al., 2017). Further, our findings of increased prevalence of select structural
malformations are not without precedent. In a study from the National Birth Defects
Prevention Study, self-reported cannabis use was associated with gastroschisis (analogous to
our results of gastrointestinal malformations) while risk measures of oral clefts and cardiac
malformations (like in our study) were not statistically significant (Van Gelder et al., 2014).
Further, CNS malformations have been reported in individual (van Gelder et al., 2009;
Warshak et al., 2015) and ecologic level analyses (Reece and Hulse, 2019a), which our
findings supported. To our knowledge, few have reported on prenatal cannabis and
hypertensive disorders, with results of cannabis conferring both risk and protective effects
(Chabarria et al., 2016; Corsi et al., 2019; Warshak et al., 2015). There is biologic
plausibility of a deleterious effect of cannabis on hypertensive disorders (Bondarenko,
2019), and our findings of an increased risk with CRD with or without other SRD warrant
additional study.

As cannabis use and cannabis use disorders become more prevalent across the United States,
including among pregnant women, understanding the impact of cannabis on the health of
both pregnant women and their offspring is of increasing importance. This study adds to a
growing body of literature demonstrating deleterious effects of cannabis in pregnancy, and
supports the message by the American College of Obstetricians and Gynecologists that
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pregnant women should be encouraged to discontinue cannabis use (“Committee Opinion
No. 722: Marijuana Use During Pregnancy and Lactation.,” 2017). However, women with
cannabis-related diagnoses, particularly those with a cannabis use disorder, very likely
require additional support beyond education. To date, there are few treatments aimed at
prenatal cannabis use, although motivational interviewing, cognitive behavioral therapy and
contingency management therapies have been used in non-pregnant women (Forray, 2016).
Pharmacotherapy is not recommended for cannabis use disorders, thus prioritizing access to
specialized health care services, respecting patient autonomy, providing comprehensive care
that is responsive to comorbid mental and medical conditions, housing or economic
insecurity or household dysfunction, and safeguarding against discrimination and
stigmatization (World Health Organization, 2014) of women using cannabis in pregnancy is
essential.

Strengths of this study include the California population based administrative dataset, a large
state with tremendous economic and sociodemographic diversity. The dataset had over
29,000 pregnancies with a CRD, allowing for the study of relatively rare birth outcomes.
Although reliance on diagnostic codes results in a narrow capture of cannabis exposure, our
administrative cohort accurately reflected population trends of an increase of cannabis
exposure. Additionally, we performed multiple sensitivity analyses to better understand the
vulnerability of our findings to unmeasured confounding and misclassification of exposure.
Our findings should also be viewed considering the limitations. First, our exposed cohort
only reflects cannabis use either known to the provider or of significant enough concern to a
provider to make a diagnosis, potentially resulting in stronger risk estimates when compared
to use that did not present with use or rise to the level of concern of receiving a diagnosis.
However, many providers do not ask and may not include a diagnosis even if known,
resulting in misclassified individuals in the unexposed cohort who may be using equal or
greater amounts of cannabis, which could attenuate findings. Our 2017 prevalence of CRD
(1.2%) is approximately half of what was self-reported in pregnant women from Kaiser
Permanente Northern California in 2016 (Young-Wolff et al., 2017). In addition to missed
cases, there could be over-representation due to assumptions, implicit bias, or racism in
asking about and documenting cannabis use in economic and racial or ethnic minorities.
Given this uncertainty, these findings only generalize to individuals with a cannabis-related
diagnosis. This limitation extends to the classification of the other substances assessed in
this study. Second, if exposure misclassification was differential by the outcome (e.g.
women with preeclampsia were more likely to receive a CRD than women without
preeclampsia), effect estimates would be biased, most likely away from the null. Our
differential misclassification analysis demonstrated that the sensitivity of the diagnosis
among those with adverse outcomes would need to be between 0.3 to 0.7 (outcome
dependent) to negate our findings. Future analysis of who receives a diagnosis, and how this
differs by outcome or by other covariates is strongly warranted. Third, based on the reliance
of administrative records, temporality of exposure with some outcomes is ambiguous,
particularly with outcomes which occur in a narrow, critical window (e.g. malformations).
This misclassification would likely bias results towards finding no effect, as women
classified as exposed may have no longer been at risk for the outcome(s). Fourth, as with any
observational study, confounding is always of concern. We selected potential confounders a
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priori to reflect the documented relationship between maternal sociodemographic and
prenatal factors and adverse birth outcomes. Although the level of confounding necessary to
fully explain our findings gives confidence in our results, the true magnitude of the
association may differ, particularly as potential confounders may have biased results away
from the null.

5. Conclusions

In summary, in our study of over 29,000 exposed pregnancies, CRD was associated with an
increased risk of hypertensive disorders in the mother, and prematurity, small for gestational
age, NICU admission and select major malformations in the offspring. Effects were typically
stronger when cannabis-related diagnosis was comorbid with nicotine or other SRDs, but
were also seen when diagnosed alone. While our findings cannot generalize to all cannabis
use in pregnancy, they support the importance of providing education and treatment options
to women with a cannabis-related diagnosis and who are pregnant or could become
pregnant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Increasing prevalence of cannabis-related diagnosis (CRD) from 2011-2017.
. Increased risk of all maternal and infant outcomes assessed from CRD.
. Strongest effects for prematurity and gastrointestinal malformations.
. Stronger effects when another substance-related diagnosis accompanied CRD.
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Figure 1.

Prevalence of cannabis-related diagnosis, with or without concomitant exposures from

2011-2017. Black line denotes the prevalence of cannabis-related diagnoses per 100,000

deliveries.
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Hypertensive disorder, n (%)
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1,523 (9.9) CRD alone

532 (7.9) CRD plus nicotine
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Very preterm birth
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Adjusted risk ratio and 95% confidence interval

Figure 2.

4

Multivariable risk ratio estimates and 95% confidence intervals. All models adjusted for pre-
pregnancy BMI, race and ethnicity, payer source, anxiety, depression, bipolar disorder,
preexisting hypertension, preexisting diabetes, maternal age and education and alcohol use.
Models of any cannabis-related diagnoses (in black) further adjusted for nicotine use and

other substance-related diagnoses.
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Major structural
malformation, n (%)

38,782 (1.3) no CRD, reference
547 (1.9) any CRD
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Central nervous system
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Figure 3.

1

Multivariable risk ratio estimates and 95% confidence intervals. All models adjusted for pre-
pregnancy BMI, race and ethnicity, payer source, anxiety, depression, bipolar disorder,
preexisting hypertension, preexisting diabetes, maternal age and education and alcohol use.
Models of any cannabis-related diagnoses (in black) further adjusted for nicotine use and

other substance-related diagnoses. Eye malformations are not graphed due to scaling
differences, but are displayed in Supplemental Table 3.
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