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A B S T R A C T   

Objective: To determine whether maternal cannabis use disorder is associated with infant hospitalization or death 
in the first year of life. 
Methods: We queried an administrative birth cohort derived from the hospital discharge database maintained by 
the California Office of Statewide Health Planning and Development and linked with vital statistics files. We 
included singleton, live-birth deliveries between 2011 and 2018. Pregnancies with cannabis use disorder were 
classified from International Classification of Disease codes. Outcomes included infant emergency department 
visits and hospital admissions identified from health records, and infant deaths identified from death records. 
Models were adjusted for sociodemographic variables, psychiatric comorbidities and other substance use 
disorders. 
Results: There were 34,544 births (1.0 %) with a cannabis use disorder diagnosis in pregnancy, with increasing 
prevalence over the study period. The incidence of infant death in the first year of life was greater among those 
with a maternal cannabis use disorder diagnosis than those without (1.0 % vs 0.4 %; adjusted risk ratio 1.4 95 % 
CI: 1.2–1.6). When examining specific causes of death, the increased risk estimates were attributable to perinatal 
conditions and sudden unexpected infant death. After adjustment, there was no increased risk of infant hospi-
talizations or emergency department visits. 
Conclusions: These findings warrant further investigation into the underlying mechanisms of maternal prenatal 
CUD on infant outcomes, and add to a rapidly expanding body of literature supporting the need for effective 
treatment options for pregnant individuals with cannabis use disorders   

1. Introduction 

Cannabis use has become more common, including during preg-
nancy (Alshaarawy and Anthony, 2019; Brown et al., 2017; Volkow 
et al., 2019). In the 2016–2017 US National Surveys of Drug Use and 
Health, 12 % of pregnant individuals in their first trimester and about 4 
% in their second and third trimesters reported past 30-day cannabis use 
(Volkow et al., 2019). From the same survey, 20% of pregnant people 
that reported cannabis use met criteria for cannabis dependence (now 
part of cannabis use disorder) (Alshaarawy and Anthony, 2019). 

Tetrahydrocannabinol (THC), the main psychoactive chemical in 
cannabis, is a lipophilic molecule that readily crosses the placenta and 
can accumulate in the fetus (Gesterling and Bradford, 2021; Thompson 

et al., 2019). It has been hypothesized that prenatal exposure to THC 
causes dysregulation of the endocannabinoid system, which plays a vital 
role in placental implantation and fetal development (Gesterling and 
Bradford, 2021; Roncero et al., 2020). Findings from a rapidly growing 
evidence base suggest that cannabis use during pregnancy is associated 
with increased risk of adverse perinatal outcomes (Gesterling and 
Bradford, 2021; Marchand et al., 2022; Volkow et al., 2017). A 2022 
meta-analysis of 16 studies reported that cannabis use during pregnancy 
was associated with a 61 % increased risk of small for gestational age 
infant, 106% increased risk of an infant with low birth weight, 28 % 
increased risk of preterm birth, and 38 % increased risk of neonatal 
intensive care unit admission (NICU) (Marchand et al., 2022). Two 
studies using ICD codes for cannabis use disorder (CUD) have reported 
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similar findings (Bandoli et al., 2021b; Shi et al., 2021). 
Only a few studies have examined infant outcomes beyond the 

perinatal period. One study using an administrative cohort of 
2001–2012 California births reported that prenatal CUD diagnosis was 
associated with a slightly reduced risk of infant hospitalization and 
increased risk of infant death within one year of birth (Shi et al., 2021). 
In the ten years following this cohort, the prevalence of prenatal CUD 
has tripled (Bandoli et al., 2021b), and there is evidence that cannabis 
has become more potent (Chandra et al., 2019). Additionally, there was 
no disaggregation of cause of death it the previous analysis, leaving 
many unanswered questions. The cause of death most studied in relation 
to prenatal cannabis use is sudden unexpected infant death (SUID; his-
torically termed sudden infant death syndrome (SIDS)). To date, at least 
3 studies have been carried out. One study from an administrative 
cohort of San Diego vital records reported a strong association between 
prenatal CUD diagnosis and SUID (Bandoli et al., 2021a), while two 
older case-control studies reported a much smaller association (Scragg 
et al., 2001) and no association (Klonoff-Cohen and Lam-Kruglick, 
2001). 

To further the investigation into prenatal CUD and infant morbidity 
and mortality, we leveraged data from a population-based administra-
tive cohort study of California birth records. We estimated the associa-
tions between CUD diagnosis in pregnancy and infant hospitalization 
and death in the first year after birth. Then, we stratified by specific 
causes of infant death to uncover underlying mechanisms that may 
contribute to these associations. 

2. Materials and methods 

2.1. Study design and population 

We used data from 2011 to 2018 from the Study of Mothers and 
Infants (SOMI), an administrative birth cohort derived from a complete 
collection of California birth records. These records, maintained by 
California Vital Statistics, were linked to California Office of Statewide 
Health Planning and Development’s (OSHPD) hospital, emergency 
department, and ambulatory surgery records for the mother (in the year 
prior to the birth through one year post-delivery) and the infant (first 
year of life). The OSPHD data includes diagnosis and procedure codes 
recorded using the International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9) and the International Classification of 
Diseases, 10th Revision, Clinical Modification (ICD-10). Records were 
additionally linked to California death files to capture maternal or infant 
deaths occurring within the state during the year after birth. The SOMI 
study was approved by the Committee for the Protection of Human 
Subjects within the Health and Human Services Agency of the State of 
California and the University of California San Diego Human Research 
Protections Program. 

From 2011–2018, there were 3,896,792 live-births recorded in Cal-
ifornia. In these analyses, we included singleton births born between 20- 
and 44-weeks gestational age where linkage between vital statistics and 
OSHPD hospital discharge records was possible. The resulting analytic 
sample included 3,459,555 births (eFigure. 1). 

2.2. Measurement of exposure, outcomes, and covariates 

CUD was classified based on the presence or absence of a cannabis- 
related diagnosis code in maternal health records (ICD9 305.2 non- 
dependent cannabis abuse, 304.3 cannabis dependence; ICD10:F12 
cannabis-related disorder). The maternal health records queried 
included all records (hospital or emergency department) occurring 
during pregnancy or during the birth admission. 

Infant emergency department visits and re-hospitalization after birth 
were determined by OSHPD records. Infant death in the first year of life 
was determined from two data sources: California death records (pri-
mary) and infant hospital discharge summaries (discharge status=died; 

secondary). For deaths identified via California death records, we clas-
sified the underlying cause of death from the death certificate into the 21 
chapters of the 2016 edition of the ICD-10 CM (listed in eTable 1) 
(Centers for Medicare and Medicaid Services, 2016). For infant deaths 
identified via infant hospital discharge summaries that could not be 
linked to a California death record, we classified cause of death as 
“within hospital- missing”, as no cause of death is provided in these 
records. When examining individual causes of death, SUID cases were 
identified using three diagnostic codes (ICD-10: R95 (sudden infant 
death syndrome), W75 (accidental suffocation or strangulation in bed), 
and R99 (unknown cause)) from the cause of death field on infant death 
records. This group of three diagnostic codes for SUID was recognized by 
the National Center for Health Statistics in 2015, and for the United 
States Healthy People 2020 initiative (Shapiro-Mendoza et al., 2018). 

Covariates were identified a priori based on literature review and 
data availability. Maternal sociodemographic information, collected 
from birth records, included self-reported race/ethnicity (Non-Hispanic 
White, Hispanic, Non-Hispanic Black, Non-Hispanic Asian, American 
Indian/Alaska Native, Hawaiian/Pacific Islander, multiple, other), 
maternal age (<18 years, 18–34 years, >34 years, missing), source of 
payment (private insurance, public insurance, other payment), and 
maternal education (<12 years, ≥ 12 years, missing). The presence/ 
absence of several maternal health conditions were ascertained from 
maternal OSHPD records. These included anxiety disorder, major 
depressive disorder, bipolar disorder, preexisting or gestational dia-
betes, nicotine use during pregnancy, alcohol use disorder, or other 
substance use disorder. The data source, original functional form of each 
variable, and relevant ICD codes for all variables are provided in 
eTable 2. 

2.3. Statistical analyses 

To characterize the sample, we estimated the birth rate per year and, 
within each year, estimated the proportion of live births with a CUD 
diagnosis. We also summarized frequencies of maternal and infant 
characteristics by presence or absence of a CUD diagnosis. 

We used modified Poisson regression models (Zou, 2004) to estimate 
crude and adjusted risk ratios (RR) of the 1-year incidence of hospital 
readmission, emergency room visit, and death among births with a CUD 
diagnosis compared to births with no CUD diagnosis. Adjusted RRs and 
95 % confidence intervals were estimated from models that included 
pre-pregnancy BMI, race/ethnicity, payer source for delivery, anxiety 
diagnosis, depression diagnosis, bipolar disorder, prenatal nicotine use, 
alcohol use diagnosis, other substance use diagnoses, and maternal age. 
These analyses were repeated, maintaining the complete set of cova-
riates but substituting maternal death as the outcome. This secondary 
analysis served as a negative control (Smith, 2012) based on the 
assumption that there is no plausible causal relationship between 
maternal CUD diagnosis and maternal death. Thus, we expected to es-
timate a null association, and any departure from the null would indi-
cate bias due to unmeasured confounding or misclassification of study 
variables. Covariates were missing for 5 % or less of observations, and 
thus a complete case control analysis was conducted. 

To disaggregate specific causes of death, we first described the pro-
portion of deaths attributed to each cause (by ICD-10 CM chapters) for 
births with no CUD diagnosis and, separately, for births with a CUD 
diagnosis. Informed by these descriptive results, we used a Cox pro-
portional hazards model to estimate the association between CUD 
diagnosis and each cause of death grouping. Individuals with causes of 
death other than the outcome of interest in each model were censored; 
days of life was the unit of time in the models. We tested the propor-
tional hazards assumption by inclusion of an interaction term between 
cannabis and log (survival time). Interactions with a p value of less than 
0.05 were limited into shorter durations of time, assessed again for 
proportional hazards, and upon no longer observing an interaction, 
models were repeated within the narrower time strata. Finally, as SUID 
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is a combination of ICD codes contained across two chapters, we created 
a variable for SUID and modeled the risk of SUID as a separate outcome. 

Prenatal exposures may affect infant outcomes through adverse birth 
outcomes. We have previously published from these data that prenatal 
CUD was associated with preterm birth and small for gestational age 
(Bandoli et al., 2021b), which are risk factors for the outcomes analyzed 
here. Thus, for outcomes associated with prenatal CUD diagnosis, we 
conducted mediation analyses to quantify the excess risk of each 
outcome attributable to prematurity or small for gestational age. We 
performed these analyses using the SAS macro %mediation. All models 
had a Poisson distribution and a log link, and were adjusted for the same 
covariates as the total effects models. Models were assessed for 
exposure-mediator interaction, with evidence of interaction prompting 
reporting of the model with interaction. 

Finally, administrative databases may inadequately capture impor-
tant confounders such as nicotine, other substance use and obesity 
(Andrade et al., 2017; Tawfik et al., 2019). We performed a bias analysis 
to address unmeasured or residual confounding (R package episensr). 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 adjusted effect estimates on the infant death 
model (any death) and separately on the SUID model. All other analyses 
were performed in SAS 9.4 (Cary, NC). 

3. Results 

Overall, 34,544 births (1.0 %) had a CUD diagnosis in pregnancy. 
The prevalence of CUD diagnosis in pregnancy increased from 0.7 % in 
2011 to 1.4 % in 2018 (Fig. 1). Individuals with CUD diagnosis were less 
likely to be Hispanic or Asian and more likely to be Non-Hispanic White, 
America Indian/Alaska Native, or Non-Hispanic Black compared to 
those without a CUD diagnosis (Table 1). A greater proportion of in-
dividuals with diagnosed CUD were younger than 18 years, had public 
health insurance, and had less than 12 years of education. Also, those 
with a CUD diagnosis were much more likely to have a documented co- 
occurring anxiety disorder, major depressive disorder, alcohol, or other 
substance use disorder, and to have used nicotine during pregnancy. 

The incidence of infant hospital readmission and emergency 
department visit in the first year of life were 12.2 % and 42.2 % among 
those with a CUD diagnosis and 10.6 % and 32.6 % among those without 
a CUD diagnosis, respectively. After adjustment for confounding vari-
ables, CUD diagnosis was not associated with increased risk of either 
infant hospital readmission or emergency department (Table 2). 

The incidence of infant death in the first year of life was 1.0% among 

Fig. 1. Prevalence of live births with cannabis use diagnosis among singleton live births in California, 2011–2018 (primary Y axis). Secondary Y axis displays the 
number of singleton live births per year for the same period. 

Table 1 
Maternal and infant characteristics by cannabis use disorder diagnosis among 
individuals in the state of California with live-born singleton deliveries between 
2011 and 2018.    

No cannabis use 
disorder 
(n = 3,425,011) 

Cannabis use 
disorder 
(n = 34,544)   

n % n % 

Maternal characteristics        
Race/ethnicity         

Non-Hispanic White  906,410  26.5  11,504 33.3  
Hispanic  1,678,298  49.0  11,509 33.3  
Non-Hispanic Black  162,409  4.7  7249 21.0  
American Indian / Alaska Native  10,555  0.3  458 1.3  
Hawaiian/Pacific Islander  13,075  0.4  131 0.4  
Non-Hispanic Asian  505,937  14.8  406 1.2  
Multiple  74,376  2.2  2234 6.5  
Other  73,951  2.2  1053 3.1 

Maternal age         
Less than 18 years  54,386  1.6  1024 3.0  
18–34 years  2,657,323  77.6  30,627 88.7  
Greater than 34 years  713,190  20.8  2891 8.4  
Missing  112  0.0  2 0.0 

Source of payment         
Private insurance  1,649,508  48.2  8046 23.3  
Public insurance  1,608,631  47.0  25,631 74.2  
Other payment  166872  4.9  867 2.5 

Maternal education         
12 or more years  2,709,272  79.1  24,138 69.9  
Less than 12 years  567,871  16.6  8465 24.5  
Missing  147,868  4.3  1941 5.6 

Pre-pregnancy BMI         
Underweight/normal weight  1,672,684  48.8  16,478 47.7  
Overweight  865,278  25.3  8002 23.2  
Obese  753,840  22.0  8321 24.1  
Missing  133,209  3.9  1743 5.0 

Anxiety disorder 81,135  2.4  4078  11.8 
Major depressive disorder 68,640  2.0  3994  11.6 
Bipolar disorder 21,507  0.6  2574  7.5 
Preexisting or gestational diabetes 402,485  11.8  3284  9.5 
Nicotine use 91,319  2.7  12,289  35.6 
Other substance use disorder 30,694  0.9  8111  23.5 
Alcohol use disorder 5250  0.2  1654  4.8 
Infant characteristics        
Premature at birth (<37 weeks) 227,920  6.7  4621  13.4 
Extremely premature (<32 weeks) 28,951  0.8  806  2.3 
Small for gestational age 295,992  8.6  5411  15.7 
Neonatal intensive care unit admission 206,365  6.0  4155  12.0  
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those with a maternal CUD diagnosis and 0.4 % among those without a 
maternal CUD diagnosis. The unadjusted risk ratio of 2.6 (95%CI: 
2.3–2.9) was attenuated to 1.4 (95%CI: 1.2–1.6) after adjustment for 
confounding variables. When examining maternal death as a negative 
control, we found a strong unadjusted association between cannabis use 
disorder and maternal death (RR = 4.9, 95%CI 3.6–6.6) which was 
attenuated after adjustment for the same set of confounders used in the 
infant death models (RR = 1.2, 95%CI 0.8–1.6) (Table 2). 

The most frequently documented causes of infant death in this 
sample were (1) conditions originating in the perinatal period (ICD 10 
P00-P96), (2) malformations, deformations and chromosomal abnor-
malities (Q00-Q99), and (3) symptoms, signs and abnormal clinical and 
laboratory findings not elsewhere classified (R00-R99) (Fig. 2; all listed 
in eTable 1). There were few differences by CUD diagnosis when 
comparing the proportion of infant deaths attributable to each cause of 
death (Fig. 2), apart from a greater proportion of deaths among infants 
with maternal CUD diagnosis attributed to symptoms and abnormal 
clinical and laboratory findings (22 % vs 10 %) and external causes of 
morbidity and mortality (V01-Y98) (9 % vs 4 %) compared to those with 
no CUD diagnosis. Notably, these two categories encompass the ICD 
codes that collectively cover SUID. 

When examining the risk for each cause of death in multivariable 
analyses (Table 3), there was an increase of ‘certain conditions origi-
nating in the perinatal period’ (aHR 1.5, 95 % CI 1.2, 1.8). There was 

indication that the proportionality assumption was violated, and thus 
we stratified models into deaths occurring on or before 7 days of life, and 
deaths after 7 days of life. There was heterogeneity in risk estimates; the 
association between cannabis and perinatal deaths was much weaker 
among deaths in the first week of life (aHR 1.3, 95 % CI 1.0, 1.7) than 
after the first week (aHR 2.1, 95 % CI 1.4, 3.0). Deaths in the two 
chapters that encompass SUID were also elevated among infants with 
maternal CUD diagnosis. When SUID was modeled as the outcome, there 
was an increased risk (aHR = 1.5, 95%CI 1.2–1.9) among infants with 
maternal CUD diagnosis after multivariable adjustment (Table 3). 
Although other causes of death were elevated in a similar manner, all 
other estimates were compatible with null findings. 

We performed mediation analyses for any infant death, deaths due to 
‘certain conditions originating in the perinatal period’, and SUID, as 
these were each associated with prenatal CUD diagnosis (eTable 3). 
Preterm birth was not a strong mediator of infant death from any cause 
(21 %) or SUID (2 %). However, over 40 % of the excess risk of death 
attributed to ‘certain conditions originating in the perinatal period’ 
associated with prenatal CUD diagnosis was mediated through prema-
turity. There was no evidence of mediation by infants being born small 
for gestational age with any of the outcomes. 

In our calculation of the e-value, to fully attenuate the observed 
adjusted risk ratio for ‘any death’ (aRR 1.4, 95 % CI 1.2, 1.6), the un-
measured variable would need to have an RR of 2.1 (with a lower CI of 

Table 2 
Prenatal cannabis use disorder (CUD) diagnosis and outcomes in the first year of life among live-born singleton deliveries in California (2011–2018).   

n,% (CUD diagnosis) n,% (no CUD diagnosis) Unadjusted risk ratio Adjusteda risk ratio 

Hospital readmission  4198 (12.2)  361,772 (10.6)  1.2 (1.1, 1.2)  1.0 (0.9, 1.0) 
Emergency room visit  14,579 (42.2)  1,117,141 (32.6)  1.3 (1.3, 1.3)  1.0 (1.0, 1.0) 
Infant death in first year of life  350 (1.0)  13,331 (0.4)  2.6 (2.3, 2.9)  1.4 (1.2, 1.6) 
Maternal death first year of life  43 (0.1)  871 (0.0)  4.9 (3.6, 6.6)  1.2 (0.8, 1.6)  

a Models adjusted for pre-pregnancy BMI, race/ethnicity, payer source for delivery, anxiety diagnosis, depression diagnosis, bipolar disorder, prenatal nicotine use, 
alcohol use diagnosis, other substance use diagnoses, and maternal age 

Fig. 2. Proportion of infant deaths attributable to each cause of death (according to ICD codes on death records). Only causes of death accounting for at least 2% of 
deaths are graphed (all causes shown in eTable 1). Example of an interpretation: 26% of infant deaths without prenatal maternal CUD exposure were attributed to 
‘malformations and chromosomal abnormalities’, whereas only 15% of infant deaths with prenatal maternal CUD were attributed to ‘malformations and chromo-
somal abnormalities’. 

G. Bandoli et al.                                                                                                                                                                                                                                 



Drug and Alcohol Dependence 242 (2023) 109728

5

1.7) with both the exposure (CUD) and outcome (any death). For the 
SUID model, the unmeasured variable would need an RR of 2.4 (with a 
lower bound of 1.7) to render our findings null. 

4. Discussion 

In this study, we analyzed data from an administrative population- 
based cohort of over 3 million live-births in California. Prenatal CUD 
diagnosis was associated with increased risk of infant death in the year 
after birth after multivariable adjustment. When disaggregated into 
specific cause of death, these findings appeared attributable to ‘condi-
tions originating in the perinatal period’ and SUID deaths. Maternal 
CUD diagnosis was not associated with increased risks of either infant 
hospital readmission or emergency room department visits in the first 
year. 

Despite a few differences in the covariate adjustment set and statis-
tical approach between our study and the earlier California adminis-
trative cohort study, we estimated an association between CUD in 
pregnancy and infant death that was nearly identical to the one reported 
in the prior California study (OR = 1.4, 95%CI 1.1, 1.6) (Shi et al., 
2021). The stability in the magnitude of effect estimates across time may 
be informative in understanding the potential mechanisms linking pre-
natal exposure to cannabis and adverse outcomes. 

Our examination of prenatal CUD as it relates to specific causes of 
infant death is an important extension of the existing literature. We 
reported a 50% increased risk of death from conditions originating in the 
perinatal period after adjusting for covariates. This chapter classification 
includes ‘newborns affected by pregnancy complications’ and ‘disorders 
related to length of gestation and fetal growth’. We previously reported 
an increased risk for preterm birth and the infant being small for 
gestational age associated with maternal CUD in this cohort (Bandoli 
et al., 2021b). Through a mediation analysis, we found that 40% of the 
excess risk associated with prenatal CUD diagnosis was mediated by 
prematurity. There was no evidence of mediation through small for 
gestational age. The only other cause of death in this study associated 
with prenatal CUD diagnosis was SUID. These findings were not without 
precedence. A previous study conducted within the San Diego subset of 
this cohort with data from 2005 to 2017 identified a 2.5-fold increased 
risk between prenatal CUD diagnosis and SUID (Bandoli et al., 2021a). A 
case control study of births between 1987 and 1990 in New Zealand 

reported a much smaller association between maternal-reported 
cannabis use and SIDS (OR = 1.55, 95%CI: 0.87–2.75) (Scragg et al., 
2001) and a case control study of births between 1989 and 1992 in 
Southern California reported no association (OR = 0.6, 95%CI: 0.3–1.6) 
(Klonoff-Cohen and Lam-Kruglick, 2001). Although prematurity is a risk 
factor for SUID (Getahun et al., 2004; Hakeem et al., 2015), we found no 
evidence that prematurity accounted for the excess risk of SUID asso-
ciated with maternal CUD diagnosis in this cohort. One analytical 
challenge in studying prenatal maternal CUD and SUID is the 
well-documented associations between prenatal tobacco and alcohol use 
and the risk of SUID (Anderson et al., 2019; Elliott et al., 2020; Getahun 
et al., 2004; Hakeem et al., 2015; King-Hele et al., 2007). Although we 
adjusted for both in models, they can be poorly captured on birth records 
and through ICD codes, which could have resulted in residual con-
founding. However, there is emerging evidence that cannabis may 
directly contribute to SUID, as prenatal cannabis exposure affects the 
health and vascularization of the placenta (Lee and Hardy, 2021; Natale 
et al., 2020), resulting in placental insufficiency and intrauterine hyp-
oxia, which have been associated with SUID (Donnelly et al., 2020; 
Widdows et al., 2012). Future studies should attempt to replicate these 
findings in new settings and identify mediating variables on the causal 
pathway from CUD to cause-specific infant mortality. 

We were motivated to study maternal CUD and infant outcomes by 
the increasing prevalence of CUD both in pregnant and non-pregnant 
people (Alshaarawy and Anthony, 2019). From 2001–2012 in Califor-
nia birth records, the prevalence of CUD diagnosis during pregnancy 
increased from 0.3 % to 0.7 % (Shi et al., 2021). Prevalence estimates 
have continued to rise in California, where 1.4% of births had a CUD 
diagnosis in 2018 – a doubling of the prevalence within a decade. This 
upward trend mirrors what has been observed among pregnant people 
nationally, where CUD was diagnosed in 0.9 % of pregnancies in 2014, a 
5-fold increase from 1993 (Shi and Zhong, 2018). It is difficult to 
determine how much of the change reflects real increases in the occur-
rence of disordered cannabis use in pregnancy versus increases in 
screening, reporting, and documentation of the diagnosis. Further, this 
estimate may underestimate the prevalence of CUD among pregnant 
people, and greatly underestimates the prevalence of any cannabis use 
during pregnancy. 

These findings add to a growing literature on the adverse outcomes 
associated with prenatal cannabis exposure to the developing fetus (El 

Table 3 
Prenatal cannabis use disorder and cause of deatha in the first year of life among singleton live-births in California (2011–2018).   

Prenatal cannabis use 
disorder diagnosis 
(n = 34,544) 

No prenatal cannabis use 
disorder diagnosis 
(n = 3425,011)    

n Prevalence per 1000 
births 

n Prevalence per 1000 
births 

Unadjusted hazard 
ratio 

Adjustedb hazard 
ratio 

Certain conditions originating in the perinatal period (P00-P96)  137  4.0  5109  1.5  2.7 (2.2, 3.2)  1.5 (1.2, 1.8)5 

Congenital malformations, deformations and chromosomal 
abnormalities (Q00-Q99)  

52  1.5  3400  1.0  1.5 (1.2, 2.0)  1.2 (0.8, 1.6) 

Within hospital- missingc  22  0.6  1735  0.5  1.3 (0.8, 1.9)  0.9 (0.6, 1.5) 
Symptoms, signs, and abnormal clinical and laboratory findings, 

not elsewhere classified (R00-R99)d  
76  2.2  1275  0.4  5.9 (4.7, 7.5)  1.5 (1.1, 1.9) 

External causes of morbidity and mortality (V01-Y98)d  30  0.9  518  0.2  5.8 (4.0, 8.3)  1.7 (1.1, 2.7) 
Certain infectious and parasitic diseases (A00-B99)  6  0.2  251  0.1  2.4 (1.1, 5.3)  1.0 (0.4, 2.5) 
Diseases of the circulatory system (I00-I99)  6  0.2  242  0.1  2.5 (1.1, 5.6)  1.6 (0.7, 3.9) 
Diseases of the respiratory system (J00-J99)  9  0.3  223  0.1  4.0 (2.1, 7.8)  1.9 (0.9, 4.0) 
Sudden unexpected infant death (R95, R99, W75)d  88  2.5  1461  0.4  6.0 (4.8, 7.4)  1.5 (1.2, 1.9) 

5 Proportional hazards assumption met when stratified by timing of death; death in first 7 days of life: aHR 1.3, 95% CI 1.0, 1.7; death after first 7 days of life: aHR 2.1, 
95 % CI 1.4, 3.0 

a Models only performed where count of deaths > 5 
b Models adjusted for pre-pregnancy BMI, race/ethnicity, payer source for delivery, anxiety diagnosis, depression diagnosis, bipolar disorder, prenatal nicotine use, 

alcohol use diagnosis, other substance use diagnoses, and maternal age 
c Cause of death was unknown for deaths occurring in the hospital 
d R95 (sudden infant death syndrome), W75 (accidental suffocation or strangulation in bed), and R99 (unknown cause) make up the diagnosis of sudden unexpected 

infant death 
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Marroun et al., 2018; Gunn et al., 2016). The medical model of addiction 
views substance use disorders as chronic, relapsing diseases, and pro-
motes treatment and education to reduce consumption of substances 
during pregnancy. However, women with a CUD likely require addi-
tional support beyond education. To date, there are few treatments 
aimed at prenatal CUD, although motivational interviewing, cognitive 
behavioral therapy and contingency management therapies have been 
used in non-pregnant women (Forray, 2016). Access to specialized 
health care services, providing comprehensive care that is responsive to 
comorbid mental and medical conditions, and safeguarding against 
criminalization, discrimination and stigmatization (World Health Or-
ganization, 2014) should be priorities. Additionally, given the findings 
on SUID, postpartum individuals with CUD may benefit from increased 
education regarding SUID prevention, including reinforcing the impor-
tance of safe sleeping behaviors and environments free of secondhand 
tobacco smoke. 

4.1. Limitations and strengths 

Study findings should be interpreted with methodological limitations 
in mind. First, we were limited by reliance on ICD codes for CUD. 
Different providers and health systems likely employ different criteria 
for screening and detection of CUD during pregnancy. Further, there is 
likely bias in who receives a CUD diagnosis during pregnancy 
(Winchester et al., 2022), which may favor individuals with other risk 
factors (public insurance, comorbid mental health diagnoses and other 
substance use diagnoses) which would bias our findings away from the 
null. However, there are very likely individuals who use similar or 
greater amounts of cannabis who don’t receive a CUD, which could bias 
our estimates towards the null. Due to these competing forces, the ul-
timate effect of CUD misclassification on our reported effect estimates 
are unknown, and likely vary by the screening and coding policies at 
individual health systems. Methodologic studies that validate cannabis 
use disorder ICD codes would inform misclassification bias analyses in 
future work. Additionally, CUD diagnosis, which may reflect frequency 
of use, provides no information on potency of the product, amount in 
each use, or mode of use. These factors may influence risk estimates for 
SUID and infant death, and their omission limits these findings. Second, 
administrative data sources may provide inadequate capture of impor-
tant confounders, including nicotine and alcohol use. To address this 
concern, we calculated the E-value to demonstrate the extent to which 
residual confounding would need to be present to negate our results. 
Associations between confounders and both cannabis and the outcomes 
would need to be greater than 2.0 to negate findings. Although prenatal 
alcohol has observed effect estimates of that magnitude (O’Leary et al., 
2013) with SUID, most other risk factors, including prenatal tobacco 
(Adgent, 2006), are lower. Thus, while residual confounding in 
administrative data should be assumed, the likelihood that it is fully 
explaining our findings is low. Further, we pre-specified a negative 
control with maternal death, and saw strong unadjusted risk estimates 
attenuate greatly when adjusting for the same set of covariates as the 
infant mortality models. Third, we have no information on the postnatal 
environment. Particularly with outcomes like SUID, factors like 
secondhand marijuana or tobacco smoke, bed sharing, and the potential 
for postnatal cannabis exposure via breastmilk are important and cannot 
be accounted for in our findings. Finally, although this dataset repre-
sents almost a complete capture of births in California from 2011 to 
2018, the description of the sample and distribution of covariates are not 
meant to represent any other sample, and should not be interpreted 
outside of the population from which they arose. 

Despite these limitations, a key strength of this study is use of a 
population-based cohort of California births. This resulted in a study 
sample that was diverse with respect to race/ethnicity, socioeconomic 
status, and geographic region. The sample included 34,544 births with 
maternal CUD, allowing for precise estimates of rare outcomes like in-
fant death and for stratification of data by specific causes of death, 

which is a critical step towards understanding the underlying pathways 
through with cannabis may affect the offspring. 

5. Conclusions 

In this administrative birth cohort, infant deaths attributed to con-
ditions originating in the perinatal period and SUID were associated 
with maternal prenatal CUD. These findings contribute to a rapidly 
expanding body of literature about the potential effects of prenatal CUD 
on the developing offspring and amplifies the prioritization of education 
and treatment options for individuals with a CUD diagnosis who become 
pregnant. 
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