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Abstract

Background and Aims—Cannabis use disorder (CUD) during pregnancy has increased 

dramatically in the United States (US). This study examined the associations between prenatal 

CUD and adverse neonatal outcomes and heterogeneities in the associations by mothers’ tobacco 

use status and race/ethnicity.

Design—Population-based, retrospective cohort study.

Setting—California, USA.

Participants—A total of 4.83 million mothers who delivered a live singleton birth during 2001 

to 2012 and their paired infants. Data were obtained from mother–infant linked hospital discharge 

records and birth and death certificates. Identified by ICD-9 codes recorded at delivery, 20 237 

mothers had prenatal CUD.

Measurements—Neonatal outcomes included length of gestation, preterm birth, birth weight, 

admission into neonatal intensive care unit, hospitalization within 1 year of birth, and death within 

1 year of birth. Propensity score matching was used to balance maternal, paternal, and infant 

characteristics in the comparisons between infants exposed and unexposed to prenatal CUD.

Findings—CUD increased from 2.8 to 6.9 per 1000 deliveries during 2001 to 2012. 

Multivariable regressions in matched samples estimated that prenatal CUD was associated with 

greater odds of being small for gestational age (OR = 1.13, 95% CI = 1.08, 1.18), preterm birth 

(OR = 1.06, 95% CI = 1.01, 1.12), low birth weight (OR = 1.13, 95% CI = 1.07, 1.20), and death 

within 1 year of birth (OR = 1.35, 95% CI = 1.12, 1.62). Compared with infants whose mothers 
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were tobacco non-users, infants whose mothers were tobacco users had greater odds of preterm 

birth, low birth weight, hospitalization, and death in association with prenatal CUD. Compared 

with infants whose mothers were non-Hispanic White, infants whose mothers were Hispanic had 

greater odds of hospitalization and death and infants whose mothers were non-Hispanic Black had 

greater odds of being small for gestational age in association with prenatal CUD.

Conclusion—Prenatal cannabis use disorder appears to be associated with escalated odds of 

major adverse neonatal outcomes, with heterogeneities in the associations by mothers’ tobacco use 

status and race/ethnicity.

Keywords

Cannabis use disorder; cohort study; hospital discharge; maternal health; neonatal outcomes; 
propensity score matching

INTRODUCTION

Cannabis is widely used during pregnancy in North American and European countries 

[1–4]. In the United States (US), self-reported past-month cannabis use among pregnant 

women more than doubled during 2002 to 2016 (3.4%–7.0%) [5]. Among those reporting 

cannabis use, 18.1% met criteria for cannabis use disorder (CUD) (i.e. continued use of 

cannabis despite impairments in physical) psychological, and social functioning [6]. From 

1993 through 2014, the rate of CUD escalated from 1.8 to 9.4 per 1000 deliveries [7].

Cannabis is increasingly acceptable and available following the proliferation of cannabis 

liberalization, yet regulations and prevention programs targeting pregnant women remain 

inadequate. In the past two decades, over 30 states in the United States have approved 

medical cannabis use. Specifically relevant to pregnant women, nausea was approved in 25 

states and vomiting was approved in 6 states as qualifying conditions [8]. Since 2012, 15 

states and DC further legalized recreational cannabis use among adults, but only California, 

Colorado, and Michigan require warning labels to disclose pregnancy-related risks [9–

11]. Studies suggested that the increase in cannabis use among pregnant women may be 

associated with medical and recreational cannabis legalization [12–14]. Across the United 

States, pregnant women receive insufficient cannabis-related screening and counseling from 

health professionals [15,16].

Pregnant women may justify cannabis use for treating nausea, vomiting, pain, and other 

symptoms [17–19]. However, there are growing public health concerns that the adverse 

health consequences on offspring may outweigh the potential therapeutic effects on mothers. 

As the main compound in cannabis, tetrahy-drocannabinol is highly lipophilic. It easily 

crosses many cell membranes (e.g. placenta and blood–brain barrier) and accumulates 

in fetal plasma with high concentration [20]. Animal models showed that high doses 

of cannabis use can result in growth retardation, malformations, and impaired neural 

development [21]. Some epidemiological studies suggested that cannabis use during 

pregnancy was associated with greater risks of small for gestational age, preterm birth, 

low birth weight, and admission to neonatal intensive care unit [2,22–29], but other studies 

found these associations statistically nonsignificant [29–34].
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As pointed out by many researchers, most of the existing epidemiological studies had 

limitations such as small sample size, misclassification of cannabis use, and confounding 

factors [1,20,35,36]. Particularly, the co-use of cannabis and tobacco may confound the 

observed relationships. Approximately 80% of the pregnant women using cannabis also used 

tobacco [37]. A meta-analysis found that prenatal cannabis use no longer independently 

predicted adverse neonatal outcomes if co-use of tobacco was controlled for [38]. Very 

few studies explored heterogeneities in the associations among different racial and ethnic 

subgroups probably because of small sample size.

A recent study by Corsi et al. attempted to address some of these limitations [39]. Using 

health records of 0.6 million pregnant women and their births in Ontario, Canada, this 

study estimated the associations between self-reported prenatal cannabis use and neonatal 

outcomes. Coarsened exact matching and multivariable regressions were used to balance and 

control for confounding factors. It suggested that prenatal cannabis use was associated with 

greater risks of small for gestational age, placental abruption, preterm birth, admission to 

neonatal intensive care unit, and poor 5-mintue Apgar score. In subgroup analysis, the risk 

difference only differed in preterm birth between women reporting and not reporting tobacco 

use [39].

In this study, we aimed to add new US data to the relationships between prenatal cannabis 

use and adverse neonatal outcomes and identify heterogeneities in the relationships by 

mothers’ tobacco use status and race/ethnicity. Unlike all previous research focusing on use 

and non-use without considering dose and frequency [35], we assessed CUD as a proxy 

for heavy and/or long-term use. We examined birth outcomes that were commonly included 

in existing literature as well as infant outcomes after birth that were rarely assessed. Data 

on nearly 5 million mother–infant pairs were used to power the association detection for 

rare events and in subgroups. Matching techniques were used to explicitly account for the 

imbalanced characteristics between infants with and without prenatal CUD exposure.

METHODS

Data and sample

This is a population-based, retrospective cohort study of mother–infant pairs. Mothers who 

delivered a singleton birth between January 1, 2001 and December 31, 2012 in California, 

United States were included. We obtained the mother–infant linked hospital discharge 

records and infants’ birth and death certificates from the US California Office of Statewide 

Health Planning and Development. The data covered all live births delivered in a California 

hospital during 2001 to 2012 except for 2006 when prenatal tobacco use was inconsistently 

recorded on birth certificates.1 Data source for each variable is reported in Supporting 

information Table S1.

During 2001 to 2012, approximately 5.68 million live births were successfully linked with 

all the data sources, representing approximately 96% of the total live births in California. 

Following previous literature [39], 173 234 births who were delivered as multiple births, 

1Throughout the manuscript, we described the study period as 2001–2012 with the understanding that 2006 was excluded.
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810 births whose mothers were out of the age range of 9 to 49, and 295 916 births whose 

recorded length of gestation were out of the range of 20 to 44 weeks2 were sequentially 

excluded. We further excluded 379 129 births with missing information on outcomes and/or 

covariates required in this study. The rate of missing values for each variable is presented 

in Supporting information Table S2. Compared to infants unexposed to prenatal CUD, those 

exposed to prenatal CUD were more likely to be excluded because of missing values. A total 

of 4 830 239 mother–infant pairs finally entered statistical analysis.

The California Health and Human Services Agency Committee for the Protection of Human 

Subjects and the University of California San Diego Human Research Protections Program 

approved this study.

Measures

Prenatal cannabis use disorder—We used the International Classification of Diseases, 

9th Revision, Clinical Modification (ICD-9-CM) recorded in mothers’ hospital discharge 

records at delivery to identify CUD. Specifically, prenatal CUD was identified if ICD-9 

codes related to CUD (cannabis dependence 304.30–304.33 or nondependent cannabis abuse 

305.20–305.23) appeared in any of the up to 25 diagnostics in mothers’ discharge records at 

delivery.3

Neonatal outcomes—Primary neonatal outcomes included length of gestation (number 

of days), small for gestational age at birth (binary indicator for <10th percentile for a given 

week of gestation), preterm birth (binary indicator for <37 weeks), birth weight (grams), 

birth weight z score (calculated using gestational-age-specific birth weight medians and 

standard deviations by sex) [40], and low birth weight (binary indicator for weight at birth 

<2500 g).

Secondary neonatal outcomes included binary indicators for admission into neonatal 

intensive care unit, infant hospitalization within 1 year of birth, and infant death within 

1 year of birth.

Maternal, paternal, and infant covariates—The following variables were considered 

potential confounding factors in previous research and controlled for in this study. Mothers’ 

demographics included age, educational attainment, race and ethnicity, health insurance, 

delivery mode, and birth history. Mothers’ physical health conditions included hypertension, 

diabetes, thyroid disease, anemia, cardiovascular disease, and pain. Mothers’ mental health 

conditions included major depressive disorder, anxiety disorder, and other mental disorders. 

Mothers’ behavioral health conditions included adequate prenatal care [41],4 tobacco use, 

alcohol use disorder, opioid use disorder, and other drug use disorders. Tobacco use during 

pregnancy was self-reported on birth certificate. ICD-9 codes for maternal health conditions 

2Length of gestation smaller than 20 weeks or greater than 44 weeks were considered invalid data.
3Prenatal CUD was only identified at delivery because most of the pregnant mothers did not have hospital discharge records before 
delivery.
4Adequate prenatal care was identified if the mother had one prenatal care visit every month through 28 weeks’ gestation and one visit 
every 2 weeks during 28–36 weeks’ gestation for a pregnancy shorter than 36 weeks or the mother had nine or more prenatal care 
visits for a pregnancy of 36 weeks or longer.
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are listed in Supporting information Table S3. Fathers’ demographic characteristics only 

included educational attainment. Infant demographic characteristics included sex, health 

insurance, and birth year.

Statistical analysis

Because a random assignment of prenatal CUD is unlikely, selection bias is a major 

challenge to draw a causal connection between prenatal CUD and neonatal outcomes [35]. 

Almost all previous research relied on conventional multivariable regressions to adjust for 

observed characteristics with very few exceptions [22,39]. Multivariable regressions may 

not address the situations where confounding factors do not adequately overlap between the 

treated and control groups. The validity of such between-group comparisons is threatened 

[42]. This is exactly the concern when we compare infants exposed to CUD (treated 

group) and unexposed to CUD (control group), because they had considerable differences in 

confounding factors particularly in mothers’ health conditions and drug use behaviors.

In this study, we adopted propensity score matching (PSM), a common approach in 

observational studies to alleviate selection bias. It allows us to mimic some of the 

characteristics of a randomized controlled trial by balancing the distribution of observed 

covariates in the treated and control groups [43–45]. We conducted PSM in accordance 

with published guidelines [42]. In the first step, we fitted logistic regressions with all 

the covariates described in ‘Maternal, Paternal, and Infant Covariates’ to estimate the 

propensity score of prenatal CUD exposure for each infant. In the second step, infants 

exposed to prenatal CUD were 1:2 matched to infants unexposed to prenatal CUD using 

nearest-neighbor matching with replacement, the most common implementation of PSM that 

minimizes bias in subsequent estimations [46]. In the last step, we computed standardized 

differences in covariates between the treated and control groups before and after matching 

to assess the improvement of balance on covariates (Supporting information Technical Note 

S1) [47]. A standardized difference of no more than 10% is considered an indicator of 

balance [47].

Following PSM, generalized linear mixed regressions (Gaussian family for continuous 

outcomes and binomial family for binary outcomes) were used to examine the associations 

between prenatal CUD and neonatal outcomes, accounting for the paring between the 

treated and control groups. All the covariates described in ‘Maternal, Paternal, and Infant 

Covariates’ were adjusted for in regressions. The final sample size for the regressions 

following PSM was 60 711. We also conducted subgroup analysis by mothers’ tobacco use 

status and race/ethnicity. Interaction terms in regressions were used to test the significance 

of subgroup differences.

In sensitivity analysis, we used different PSM algorithms to determine the robustness of 

results. In addition to the 1:2 nearest-neighbor matching with replacement in the main 

analysis, we used 1:1 nearest-neighbor matching with and without replacement and 1:1 and 

1:2 nearest-neighbor matching with replacement and caliper 0.00005, 0.0001, and 0.0002. 

[48]
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All statistical analyses were performed using Stata 15.1 (StataCorp LP). The analysis was 

not pre-registered and the results should be considered exploratory.

RESULTS

Sample characteristics before matching

Figure 1 depicts the time trend of diagnosed prenatal CUD in California. From 2001 through 

2012, the rate of prenatal CUD increased from 2.8 to 6.9 per 1000 deliveries. A total of 

20237 mother–infant pairs were exposed to prenatal CUD, constituting the treated group.

Supporting information Table S4 reports descriptive statistics of mother–infant pairs exposed 

and unexposed to prenatal CUD before matching. Most covariates had standardized 

difference greater than 10% with only a few exceptions (Supporting information Table S5), 

indicating substantial differences between the treated and control groups before matching.

Propensity score matching

Using PSM, we matched the treated group with 40474 mother–infant pairs unexposed to 

prenatal CUD, which constituted the matched control group. Supporting information Table 

S4 reports their descriptive statistics.

Figure 2 presents the standardized differences between the treated and control groups 

before and after matching (details in Supporting information Table S5). The standardized 

differences in all the covariates were considerably reduced after matching; only one 

covariate (other drug use disorders) still had difference >10% and most covariates had 

differences reduced to 3% or less. PSM considerably improved the comparability between 

the treated and control groups.

Association estimation after matching

Table 1 reports descriptive statistics of neonatal outcomes in the treated and matched control 

groups without regression adjustments.

Figure 3 reports the associations between prenatal CUD and gestational age related 

outcomes(details in Supporting information Table S6). The association between prenatal 

CUD and length of gestation was nonsignificant. Prenatal CUD was associated with higher 

odds of small for gestational age (OR = 1.13, 95% CI = 1.08, 1.18) and preterm birth (OR = 

1.06, 95% CI = 1.01, 1.12).

Figure 4 reports the associations between prenatal CUD and birth weight related outcomes, 

which were significant regardless of how birth weight was measured (details in Supporting 

information Table S6). Prenatal CUD was associated with a smaller birth weight by 40.06 

grams (95% CI = −50.34, −29.77) and a smaller birth weight z score by 0.071 (95% CI = 

−0.096, −0.047). It was also associated with a higher odds of low birth weight (OR = 1.13, 

95% CI = 1.07, 1.20).

Figure 5 reports the associations between prenatal CUD and other neonatal outcomes 

(details in Supporting information Table S6). The association between prenatal CUD and 
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admission into neonatal intensive care unit was nonsignificant. Prenatal CUD was associated 

with a higher odds of death within 1 year of birth (OR = 1.35, 95% CI = 1.12, 1.62) but a 

lower odds of hospitalization with 1 year of birth (OR = 0.91, 95% CI = 0.86, 0.96).

Subgroup analysis

Figures 3–5 also report regression results in subgroups by mothers’ tobacco use status 

and race/ethnicity (details in Supporting information Table S6). Supporting information 

Table S7 reports likelihood ratio tests results on the significance of adding interaction 

terms in regressions for subgroup differences. Supporting information Table S8 reports the 

estimations on the interaction terms.

Compared to infants whose mothers were tobacco nonusers, infants whose mothers were 

tobacco users had greater odds of preterm birth, low birth weight, hospitalization within 1 

year of birth, and death within 1 year of birth and lower length of gestation and birth weight 

in association with prenatal CUD. Compared to infants whose mothers were non-Hispanic 

Whites, infants whose mothers were Hispanics had greater odds of hospitalization and death 

within 1 year of birth, lower odds of small for gestational age and low birth weight, and 

higher birth weight and birth weight z score in association with prenatal CUD. Infants whose 

mothers were non-Hispanic Blacks had a greater odds of small for gestational age and 

lower birth weight and birth weight z score in association with prenatal CUD. Infants whose 

mothers were non-Hispanic other minorities had a greater odds of hospitalization within 1 

year of birth in association with prenatal CUD.

Sensitivity analysis

The estimated associations were overall robust to different matching algorithms (Supporting 

information Table S9).

DISCUSSION

Using a large retrospective cohort in California, United States, this study found significant 

associations between prenatal CUD exposure and major adverse neonatal outcomes. In 

accordance with Corsi et al. [39] we found that prenatal CUD was associated with greater 

odds of small for gestational age and preterm birth. However, we did not find a significant 

association with admission to neonatal intensive care unit as Corsi et al. [39]. We also 

examined a series of birth weight measures and reported negative associations between 

prenatal CUD and birth weight.

Unlike most previous studies centering on birth outcomes at delivery, this study added new 

data on outcomes after birth. The most notable observation is that exposed infants were 

35% more likely to die within 1 year of birth than unexposed infants. Another finding, yet 

counterintuitive, was that prenatal CUD was associated with a lower odds of hospitalization 

within 1 year of birth. A possible explanation is that, the most severely ill infants died as 

a result of prenatal CUD exposure, so the remaining exposed infants might be relatively 

healthier than infants unexposed to CUD. Future studies are needed to provide additional 

evidence on this seemingly ‘protective’ effect of prenatal CUD.
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Previous research discussed the potentially greater risks of adverse neonatal outcomes 

imposed by the co-use of cannabis and tobacco during pregnancy [37,49]. This study 

demonstrated that the odds of adverse outcomes in association with prenatal CUD indeed 

differed between infants whose mothers did and did not use tobacco. In addition to the 

similar results on preterm birth as Corsi et al. [39], we found that the odds of low birth 

weight and hospitalization and death within 1 year of birth in association with prenatal CUD 

were greater among infants whose mothers used tobacco. These findings demonstrated the 

importance of accounting for the confounding from tobacco use, a common pattern among 

women using cannabis during pregnancy [37]. Meanwhile, prenatal CUD was a risk factor 

regardless of tobacco co-use; it was associated with greater odds of small for gestational age 

and low birth weight even in infants whose mothers were tobacco nonusers. This finding 

conflicted with some smaller-scale studies that found prenatal cannabis use alone did not 

predict adverse neonatal outcomes after tobacco co-use was controlled for [36].

We also revealed heterogeneities in the relationships by mothers’ race and ethnicity. Relative 

to non-Hispanic Whites, Hispanics had greater whereas non-Hispanic Blacks had smaller 

birth weight outcomes in association with prenatal CUD. Nonetheless, Hispanics were more 

likely to be hospitalized or dead within 1 year of birth as a result related to prenatal 

CUD. Racial and ethnic differences in infant outcomes have been documented in previous 

literature [50,51], but little research has been conducted to understand the moderating role of 

maternal drug use. Future research is warranted to explore the mechanisms underlying these 

heterogeneities.

It should be noted that prenatal CUD in this study was identified from hospital records 

with ICD codes. In the United States, it is not yet a standard care to screen cannabis use 

among pregnant women and the diagnosis primarily relies on self-reporting. Toxicology 

tests could alleviate measurement errors, but to what extent and under what circumstances 

they have been conducted in healthcare systems are unknown. Previous research suggested 

that approximately 60% pregnant women in California having a positive toxicology test on 

cannabis also had a positive self-report, indicating an underestimation of CUD diagnosis 

in this population [52,53]. The mothers diagnosed with CUD were therefore likely those 

who had the most severe symptoms. We expect that in recent years self-reporting bias might 

become less concerning in California where recreational cannabis has been legalized.

The findings call for special consideration of prenatal CUD in prevention, treatment, and 

policies. Because medical cannabis use during pregnancy may have health benefits, there 

are ongoing debates regarding whether informed decision of cannabis use is justifiable 

[17,35,54]. Nonetheless, problem cannabis use (CUD in this study) presumably has no 

known health benefits; even if there are any, the adverse consequences clearly outweigh 

the benefits. The American College of Obstetricians and Gynecologists committee has 

recommended that physicians encourage pregnant women to discontinue cannabis use 

including medical use [55]. Given the adverse neonatal consequences associated with 

prenatal CUD, we further recommend CUD screening among pregnant women using 

cannabis along with appropriate education, counseling, or referral to substance abuse 

treatment services. In states approving medical and/or recreational cannabis, regulatory 

approaches targeting pregnant women could be also considered, such as developing 
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guidelines for physicians to appropriately recommend medical cannabis and communicating 

potential risks of prenatal cannabis use and CUD via point-of-sale warning signs and 

product warning labels [56].

This study has limitations. First, even though we used matching techniques with a wide 

range of covariates to balance the measured confounding factors, we were not able to 

eliminate bias from unobserved confounding factors. The findings cannot be interpreted as 

causal, a limitation common to almost all previous epidemiological studies.

Second, this study focused on CUD, a proxy for heavy and/or long-term use of cannabis. 

The findings hence represented roughly 20% cannabis users in pregnant women [6], whose 

infants presumably had the highest risks of adverse outcomes. The findings may not 

generalize to mothers who used cannabis but did not meet the criteria for CUD. Further, 

as we discussed above, prenatal CUD identified through ICD codes could be considerably 

underestimated. The underestimation would attenuate the observed associations toward null; 

therefore our estimations likely represented lower bounds of the true associations. We solely 

relied on records at delivery for CUD identification. Some mothers may be misclassified to 

the control group if they had CUD during pregnancy but had no CUD at delivery. We were 

not able to examine cannabis use patterns such as frequency, dose, duration, and routes of 

administration, which may be associated with varying health consequences.

Third, measures from birth certificates had caveats. Although a good agreement in parents’ 

demographics and neonatal outcomes was found between birth certificates and hospital 

and claims records [57–60], maternal medical conditions and complications tended to 

be under-reported on birth certificates [58,59,61–63].Particularly concerning in this study, 

maternal tobacco use were potentially under-reported, even though our prevalence estimate 

was on a par with that estimated from previous literature [64]. In addition, ~7% mother–

infant pairs were dropped primarily because of missing information on birth certificates. 

Paternal characteristics were only available on birth certificates, which were very limited 

with considerable missing values. We were unable to control for many confounding factors 

from fathers such as paternal cannabis use.

Fourth, we examined a comprehensive list of neonatal outcomes including those rarely 

studied, but the outcome list was by no means exhaustive because of data limitations. For 

instance, we did not assess cause of deaths in different stages of infancy although it is 

critical for our understanding of a higher death rate among infants exposed to prenatal CUD. 

We did not examine stillbirth or long-term neurodevelopmental outcomes. We were also not 

able to account for infant confounding factors that were revealed after birth because only a 

small portion of infants had hospital discharge records after birth.

Last, the findings may not generalize to mothers who delivered outside of hospital setting or 

outside of California. The higher rate of missing values in mother–infant pairs exposed to 

prenatal CUD may also affect the generalizability of the findings.

Notwithstanding the limitations, this study contributed to the literature by using nearly 5 

million mother–infant pairs in the United States in a 10-year period when cannabis was 

increasingly liberalized. To our knowledge, this was the largest cohort in prenatal cannabis 
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use research. The unprecedentedly large cohort allowed us to assess rare outcomes such as 

infants’ hospitalization and death as well as heterogeneities in subgroups. The application of 

PSM considerably improved the validity of comparisons. Centralized healthcare records also 

provided diverse samples and improved data accuracy [36,65]. Tobacco users and nonusers 

were explicitly compared, contributing to the debate on the confounding role of tobacco use.

CONCLUSION

This study added new data to the associations between cannabis use during pregnancy and 

adverse neonatal outcomes in the United States. We found that prenatal CUD was associated 

with major adverse neonatal outcomes, including greater odds of small for gestational age, 

preterm birth, low birth weight, and death within 1 year of birth. Heterogeneities in the 

associations were revealed by mothers’ tobacco use status and race/ethnicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Rates of diagnosed prenatal cannabis use disorder during 2001–2012 in California, US
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Figure 2. 
Standardized differences between the treated and control groups before and after propensity 

score matching. The gray dots represent standardized differences before matching, and 

the black dots represent standardized differences after matching. The 1:2 nearest-neighbor 

matching with replacement was used. Standardized differences in individual covariates (in 

percentage points) are reported for the comparisons between infants exposed and unexposed 

to prenatal cannabis use disorder (treated group vs. control group). Birth cohort in year 
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2006 was not included in this study because of missing information on prenatal tobacco use. 

Details in this figure are reported in Supporting information Table S5
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Figure 3. 
Regression results after propensity score matching: gestational age related outcomes *P < 

0.05, **P < 0.01, ***P < 0.001. ‘Hisp’ short for ‘Hispanic’, ‘N-H’ short for ‘Non-Hispanic’. 

Dots and lines represent means and 95% confidence intervals for coefficients or odds 

ratios estimated from generalized linear mixed regressions. Maternal, paternal, and infant 

characteristics were also included in regressions but not reported. Details are reported in 

Supporting information Table S6
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Figure 4. 
Regression results after propensity score matching: birth weight related outcomes *P < 0.05, 

***P < 0.001. ‘Hisp’ short for ‘Hispanic’, ‘N-H’ short for ‘Non-Hispanic’. Dots and lines 

represent means and 95% CI for coefficients or OR estimated from generalized linear mixed 

regressions. Maternal, paternal, and infant characteristics were also included in regressions 

but not reported. Details are reported in Supporting information Table S6
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Figure 5. 
Regression results after propensity score matching: other neonatal outcomes ***P < 0.001. 

‘Hisp’ short for ‘Hispanic, ‘N-H’ short for ‘Non-Hispanic’. Dots and lines represent means 

and 95% CI for coefficients or OR estimated from generalized linear mixed regressions. 

Maternal, paternal, and infant characteristics were also included in regressions but not 

reported. Details are reported in Supporting information Table S6
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