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Abstract

Background: Pregnant women with a substance-related diagnosis, such as an alcohol use 

disorder, are a vulnerable population that may experience higher rates of severe maternal 

morbidity, such as hemorrhage and eclampsia, than pregnant women with no substance-related 

diagnosis.

Methods: This retrospective cross-sectional study reviewed electronic health record data on 

women (aged 18–44 years) who delivered a single live birth or stillbirth at ≥ 20 weeks of gestation 

from March 1, 2016, to August 30, 2019. Women with and without a substance-related diagnosis 

were matched on key demographic characteristics, such as age, at a 1:1 ratio. Adjusting for these 

covariates, odds ratios and 95% confidence intervals were calculated.

Results: A total of 10,125 deliveries met the eligibility criteria for this study. In the matched 

cohort of 1,346 deliveries, 673 (50.0%) had a substance-related diagnosis, and 94 (7.0%) had 

severe maternal morbidity. The most common indicators in women with a substance-related 

diagnosis included hysterectomy (17.7%), eclampsia (15.8%), air and thrombotic embolism 

(11.1%), and conversion of cardiac rhythm (11.1%). Having a substance-related diagnosis was 

associated with severe maternal morbidity (adjusted odds ratio = 1.81 [95% CI, 1.14–2.88], 

p-value = 0.0126). In the independent matched cohorts by substance type, an alcohol-related 

diagnosis was significantly associated with severe maternal morbidity (adjusted odds ratio = 3.07 
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[95% CI, 1.58–5.95], p-value = 0.0009), while the patterns for stimulant- and nicotine-related 

diagnoses were not as well resolved with severe maternal morbidity and opioid- and cannabis-

related diagnoses were not associated with severe maternal morbidity.

Conclusion: We found that an alcohol-related diagnosis, although lowest in prevalence of the 

substance-related diagnoses, had the highest odds of severe maternal morbidity of any substance-

related diagnosis assessed in this study. These findings reinforce the need to identify alcohol-

related diagnoses in pregnant women early to minimize potential harm through intervention and 

treatment.
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INTRODUCTION

Pregnant women with a substance-related diagnosis (SRD; i.e., use, misuse, abuse, 

or dependence on substances) are a vulnerable population who may be experiencing 

disproportionate rates of severe maternal morbidity (SMM) compared with pregnant women 

without an SRD. An SRD is an increasingly used term designed to evaluate substance 

exposure and problematic substance use in electronic health record (EHR) population 

samples (Penzenstadler et al., 2020). SMM is a term that refers to 21 life-threatening 

labor and delivery outcomes that result in significant consequences to a woman's health 

(e.g., blood transfusion/hemorrhage, hysterectomy, eclampsia; Center for Disease Control 

& Prevention [CDC], 2017). The center reported a 200% increase of SMM in the United 

States from 1993 to 2014 (49.5 to 144.0 per 10,000 delivery hospitalizations; CDC, 2017). 

In 2014, SMM affected more than 50,000 women nationally (CDC, 2017). This large 

increase was mostly driven by blood transfusions, which increased 399% (24.5 to 122.3 per 

10,000 delivery hospitalizations). The most common SMM after blood transfusions were 

hysterectomies, ventilation, or temporary tracheostomy resulting in nearly a 20% overall 

increase in SMM (28.6 to 35.0 per 10,000 delivery hospitalizations; CDC, 2017). Increasing 

rates of SMM lead to higher medical costs and longer hospital stays (Callaghan et al., 2012).

Increasing maternal age (CDC, 2018), chronic medical conditions (e.g., hypertension; 

Campbell et al., 2013; Small et al., 2012]), obesity (Fisher et al., 2013; Hinkle et al., 2012), 

and cesarean delivery (Barber et al., 2011; CDC, 2018) are well-documented predictors 

of SMM. Studies that have examined the relationship between maternal substance use 

during pregnancy and SMM found mixed results (e.g., significant associations between 

opioid and stimulant use with SMM [Jarlenski et al., 2020] and tobacco use with maternal 

bleeding [Pereira et al., 2018]). National rates of past month alcohol and cannabis use during 

pregnancy increased from 2016 to 2019 (8.3% and 4.9% to 9.5% and 5.4%, respectively; 

Center for Behavioral Health Statistics & Quality, 2018). Past month tobacco use during 

pregnancy decreased from 10.6% to 8.3%, and opioid use decreased from 1.2% to 0.4%. 

Cocaine use increased slightly from 0.1% to 0.2%. As cannabis legalization continues across 

the United States, cannabis use is expected to increase. As national reports of maternal 

substance use continue to fluctuate, updated prevalence and correlates of SMM in pregnant 

women with an SRD are warranted.
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To contribute to the newly growing literature on maternal substance use and SMM, 

we conducted a retrospective cohort study to evaluate whether there are independent 

associations between an SRD and SMM among women who presented for delivery in a 

healthcare system that provides tertiary care and is a referral system for other providers 

in the community in Southern California. This healthcare system averages 3,000 deliveries 

per year. It was hypothesized that women who presented for delivery with an SRD during 

pregnancy would have higher prevalence of SMM and blood transfusions (the most common 

SMM) compared to women who presented for delivery without an SRD during pregnancy.

MATERIALS AND METHODS

Study design and participants

This retrospective cohort study used de-identified electronic health record (EHR) data on 

women (aged 18–44) who delivered a single live birth or stillbirth at ≥ 20 weeks of gestation 

from March 1, 2016 (42 weeks after the billing codes for blood transfusions became 

available) through August 30, 2019 (the date the data were requested; 3 years and 6 months). 

Due to the potential differences in SMM related to the number of fetuses, deliveries of 

multiple gestation were excluded.

Only women with an International Classification of Diseases, 10th edition (ICD-10) code for 

delivery for a single live or stillbirth after ≥ 20 weeks of gestation were selected (Table A 

in the supplemental material; Centers for Medicare & Medicaid Services, National Center 

for Health Statistics, 2019). Data were collected from the antepartum (up to 42 weeks before 

the delivery date) through the postpartum (4 weeks from delivery) periods (total 46 weeks). 

Because we used the CDC's definition of SMM, we also modeled their data collection time 

frame and requested data for the 4 weeks after delivery to capture maternal morbidity-related 

ICD-10 codes (Center for Disease Control & Prevention, 2017). Each patient identification 

number and the delivery date represented 1 subject. If an individual had more than one 

delivery carried to a gestational age of ≥ 20 weeks over the 3.5 years of data or an ICD-10 

code for a previous pregnancy, the number of previous pregnancies for each delivery was 

identified and reported. As such, for an individual woman who has had multiple pregnancies 

in the EHR during the study period, each pregnancy would be counted as an individual 

delivery event.

The ICD-10 Clinical Modification (CM) and Procedure Coding System (PCS) codes used to 

identify an SRD, other mental illness (e.g., depression), or other preexisting health condition 

(e.g., cardiovascular disease) are defined in detail in the Measures section below, and a full 

list of the ICD-10 codes used in this study can be found in the supplemental material (Tables 

A-B). The codes used to identify SRDs and other mental illness diagnoses corresponded 

to the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5), which 

provides a more detailed description of each diagnosis (American Psychiatric Association, 

2013; World Health Organization, 2004). Codes were collected from all outpatient visits 

(e.g., prenatal visit), inpatient visits (e.g., hospitalization), and emergency department visits 

(e.g., acute care).
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This study protocol was approved by the Institutional Review Board (IRB). Deidentified 

health record data were provided by the health center's biomedical informatics team in 

a secured Health Insurance Portability and Accountability Act (HIPAA)-approved Virtual 

Research Desktop (VRD). All of the data were electronic, were not accessible through the 

Internet, were protected by multifactor authentication, and were monitored by the VRD 

biomedical informatics team.

Measures

The primary outcome SMM (yes/no) was defined by any of the CDC’s 21 SMM indicators 

identified by ICD-10 CM and PCS codes during the perinatal period (Table B). The 

secondary outcome was blood transfusion (yes/no) during the perinatal period.

The primary predictor variable was any SRD (yes/no; Table A) during the antepartum 

and intrapartum period. To prevent potential cofounding associated with substance use 

after delivery, SRDs that were identified during the postpartum period were excluded 

from the analysis. The secondary predictor variables included an SRD for alcohol (yes/

no), opioids (yes/no), cannabis (yes/no), stimulants (i.e., cocaine, other stimulants [e.g., 

methamphetamines]; yes/no), and nicotine (yes/no; Table A).

Covariates included age (18–44) and race/ethnicity (Hispanic/Latina, non-Hispanic/Latina 

Black, non-Hispanic/Latina White, and other race/ethnicity [American Indian/Alaskan 

Native, Asian/Pacific Islander, and other race or mixed]) at delivery. At initial registration 

in the EHR (e.g., primary outpatient visit, prenatal visit), patients were asked to report their 

race (e.g., Black, White) and ethnicity (e.g., Hispanic/Latina, African American, Caucasian) 

as separate categories. Those who did not select Hispanic/Latina, non-Hispanic/Latina 

Black, or non-Hispanic/Latina White were grouped into the “other” category to address 

small cell sizes in the other categories. Other covariate variables included marital status 

(single, divorced/separated/widowed, or married), and body mass index (BMI; calculated as 

weight in kilograms divided by height in meters squared) at delivery. One or more previous 

pregnancies at ≥ 20 weeks and ending in a live birth or stillbirth (yes/no) was identified to 

assess and control for the impact of previous pregnancies on SMM. Health insurance types 

at delivery were private (e.g., commercial, managed care), public (e.g., Medicaid), and no 

insurance. Those who were grouped in the private insurance category could also have public 

insurance. Those grouped in the public insurance category did not have private insurance.

The National Institute of Mental Health (NIMH) defines serious mental illness (SMI) as 

a mental, behavioral, or emotional disorder that results in serious functional impairment 

(e.g., schizophrenia, bipolar disorder; National Institute of Mental Health, 2019). SMIs 

significantly impedes one or more major life activities. In order to identify severe and 

nonsevere mental illness, a variable for SMI (yes/no) and non-SMI (any other mental 

illness [e.g., anxiety], which is not included in the SMI category; yes/no) was created 

using ICD-10 codes. A summary variable for preexisting health condition included anemia, 

cardiovascular disease, diabetes (nongestational), cancer, kidney failure, hypertension, 

lupus erythematosus, epilepsy, pulmonary disease, human immunodeficiency virus (HIV), 

acquired immunodeficiency syndrome (AIDS), hepatitis C virus (HCV), and tuberculosis 

(TB; Hirshberg & Srinivas, 2017). ICD-10 codes are available upon request.
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Statistical analysis

Descriptive statistics were used to identify the number and type of the CDC’s 21 SMM 

indicators during the perinatal period. Summary variables for SMM (yes/no), blood 

transfusion (yes/no), SRD (yes/no), and the other covariates were then created.

Propensity score matching yielding a matched 1:1 sample using predictors of SMM (i.e., age 

at delivery, BMI at delivery, one or more previous pregnancies at ≥ 20 weeks and ending 

in a live birth or stillbirth [yes/no], preexisting health condition [yes/no], and delivery year; 

Blanc et al., 2019; Creanga et al., 2014; Gouin et al., 2011) was used to measure imbalance 

in maternal sociodemographic and obstetrical characteristics between those with and without 

an SRD (Ho et al., 2007; Iacus et al., 2012). The balance of covariate distribution between 

the two groups was examined using standardized mean differences.

Unadjusted and adjusted analyses of the covariate variables and SMM were conducted in 

the unmatched and matched cohorts using analysis of variance (ANOVA) for continuous 

data and the chi-square (χ2) tests of significance for categorical data. To determine the 

effect/magnitude of the associations, odds ratios (ORs) were calculated and reported. Two-

sided tests with 95% confidence intervals (CIs) that cross 1, indicating that there was no 

significant difference, and p-values ≥ 0.05 were used to determine whether a covariate would 

be included in the final adjusted regression model in both the unmatched and the matched 

cohorts.

Multivariable logistic regression models were conducted to determine the covariate variables 

that were associated with having SMM compared with those without SMM. Standardized 

betas (β), standard errors (SE [β]), adjusted odds ratios (aOR), and the respective CIs and 

p-values were reported. All analyses were conducted with SAS 9.4 (SAS Institute).

RESULTS

Sample characteristics

There were a total of 10,129 deliveries with an ICD-10 code for a single delivery at ≥20 

weeks’ gestation from March 1, 2016, to August 30, 2019 (Figure 1). Four individuals 

with an SRD after delivery were eliminated from the dataset resulting in an unmatched 

cohort of 10,125. Of the 10,125 deliveries in the unmatched cohort, an SRD was identified 

in 673 (6.6%) women with a documented delivery (Table 1). SMM was identified in 

558 (5.5%) women with a documented delivery. The most common SMM included 

blood transfusions (40.7%), sepsis (19.9%), acute renal failure (15.1%), and disseminated 

intravascular coagulation (14.2%). The most common SMM indicators in those with an SRD 

included hysterectomy (17.7%), eclampsia (15.8%), air and thrombotic embolism (11.1%), 

conversion of cardiac rhythm (11.1%), cardiac arrest/ventricular fibrillation (10.0%), and 

pulmonary edema/acute heart failure (10.0%).

Due to the large sample size, almost all of the comparisons in the unadjusted analyses 

revealed differences that were found to be significantly associated with SMM (yes/no; Table 

C in the supplemental material). In the matched cohort of 1,346 deliveries, most were 

non-Hispanic/Latina White (42.6%) or other race/ethnicity (36.5%) with a mean age of 
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29.9 (standard deviation [SD] = 5.6, range 18–44 years of age; Table 2). The majority of 

the sample were married (48.8%) or single (46.6%), had a mean BMI of 32.3 (SD = 7.2, 

range = 17.2–83.5), had no previous pregnancies (90.2%), and had private health insurance 

(71.9%). SMI and non-SMIs were documented for 8.5% and 36.4%, respectively (Table 2). 

Preexisting health conditions were documented for 51.9% due to matching.

Prevalence and correlates of SMM in the matched cohort

In the matched unadjusted analysis (n = 1,346), SMM was associated with SRD (OR = 1.93 

[95% CI, 1.26–3.00], p-value = 0.0032), non-SMI (OR = 1.67 [95% CI, 1.09–2.54], p-value 

= 0.0175), and preexisting health conditions (OR = 3.27 [95% CI, 2.00–5.34], p-value = < 

0.0001; Table 2). An SRD was not significantly associated with blood transfusion (OR = 

1.29 [95% CI, 0.64–2.62], p-value = 0.4753; Table 3).

In the matched adjusted regression (n = 1,346), having an SRD (aOR = 1.81 [95% CI, 1.14–

2.88], p-value = 0.0126) and preexisting health condition (aOR = 3.21 [95% CI, 1.96–5.26], 

p-value = < 0.0001) was significantly associated with SMM (Table 4).

When grouped by SRD type in the matched adjusted regression analyses, alcohol-related 

diagnosis was associated with SMM (aOR = 3.07 [95% CI, 1.58–5.95], p-value = 0.0009; 

Table 5 and Figure 2). The patterns for stimulant- and nicotine-related diagnoses were not 

as well resolved, with p-values of 0.0687 and 0.0581 for stimulant- and nicotine-related 

diagnoses, respectively. The interval estimates for the association between these diagnoses 

ranged from no association to over 2.5 times the odds of SMM (stimulants aOR = 1.62 [95% 

CI, 1.00–2.72], and nicotine aOR = 1.60 [95% CI, 1.00–2.60]). An opioid- or cannabis-

related diagnosis was not significantly associated with SMM (aOR = 0.68 [95% CI, 0.33–

1.42], p-value = 0.3074 and aOR = 1.09 [95% CI, 0.64–1.87], p-value = 0.7495).

DISCUSSION

Principal findings

Within a large matched pregnancy cohort in a healthcare system that provides tertiary care 

and is a referral system for other providers in the community from 2016 to 2019, having 

an SRD and preexisting health condition was significantly associated with SMM during the 

perinatal period. The most common SMM included blood transfusions, sepsis, acute renal 

failure, and disseminated intravascular coagulation. The most common SMM indicators 

in those with an SRD included hysterectomy, eclampsia, air and thrombotic embolism, 

conversion of cardiac rhythm, cardiac arrest/ventricular fibrillation, and pulmonary edema/

acute heart failure. In the matched cohorts by substance type, an alcohol-related diagnosis 

was significantly associated with SMM. The patterns for stimulant- and nicotine-related 

diagnoses were not as well resolved with SMM. Opioid- and cannabis-related diagnoses 

were not associated with SMM.

The findings from this study are consistent with a study investigating SMM hospitalizations 

in the United States, England, and Australia from 2008 to 2013, which found that advanced 

maternal age, substance use, hypertension, and diabetes were strongly associated with 

SMM in all three countries (Lipkind et al., 2019). Rates of women with chronic health 
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conditions such as hypertension, cardiac disease, and diabetes in the United States are 

increasing (Hirshberg & Srinivas, 2017). These types of conditions can be exacerbated 

during pregnancy. As such, pregnant women with an SRD and preexisting health conditions 

should be identified early and monitored closely by healthcare providers.

Alcohol is one of the most commonly used substances in pregnant women, and it is 

often used in conjunction with other substances such as tobacco and cannabis (Huizink, 

2009). Our data showed that an alcohol-related diagnosis had the lowest prevalence and 

the highest odds of SMM during the perinatal period compared with any other substance 

assessed in this study (i.e., opioids, cannabis, stimulants, and nicotine). This is likely due 

to underreporting of alcohol use in this clinical setting. Nevertheless, these results show 

that alcohol use, misuse, abuse, or dependence during pregnancy is a strong predictor of 

SMM. Currently, there is limited research on the impact of prenatal alcohol use and SMM. 

Prenatal alcohol use has been found to decrease uteroplacental perfusion, which results 

in intrauterine growth restriction (Ramadoss & Magness, 2012). Chronic alcohol use puts 

women at risk for hepatic dysfunction (Edelson & Bernstein, 2019). Studies have also 

found associations between prenatal alcohol consumption and vaginal bleeding in the first 

trimester (Hasan et al., 2010), smaller placenta-to-birthweight ratio, placental weight, and 

increased risk of hemorrhage, and plate vessel congestion (Carter et al., 2016). A study in 

Ethiopia identified prenatal alcohol use as significant risk factor for preeclampsia/eclampsia 

(Grum et al., 2017). Alcohol is a known teratogen, which operates under a dose–response 

mechanism. Additional research on the dose–response relationship between prenatal alcohol 

consumption and SMM is needed to minimize potential harm through intervention and 

treatment.

The pattern for stimulant-related diagnosis was not as well resolved in this study (Cummins j 

Marks, 2020; Kraemer, 2019). This is not consistent with the relationship between stimulant 

use and SMM observed in previous research, which identified an increased risk of SMM and 

maternal mortality after delivery (Hser et al., 2012; Jarlenski et al., 2020; Wolfe et al., 2005). 

A recent retrospective analysis of 53.4 million delivery hospitalizations from 2006 to 2016 

identified a significant relationship between stimulant and opioid use disorders and SMM, 

but not cannabis (Jarlenski et al., 2020). The relationship between alcohol use and SMM 

was not assessed in the aforementioned study. In another study, a higher incidence of SMM, 

preterm delivery, preeclampsia, and mortality was observed in stimulant-related deliveries 

compared with the opioid-related deliveries from 2005 to 2015 (Admon et al., 2019).

Unlike the study previously mentioned, the current study did not find a significant 

association between an opioid-related diagnosis and SMM. The differences observed in our 

study may be related to how substance use disorders (a subgroup of an SRD) and SRDs are 

documented in the EHR. For example, the ICD-10 codes used to identify an opioid-related 

diagnosis may better represent opioid use during pregnancy than the opioid use disorder 

category, which requires a formal DSM-5 diagnosis. Our study also did not account for 

medications for opioid use disorder (MOUD; e.g., buprenorphine and methadone), as seen in 

the same study mentioned previously (Jarlenski et al., 2020).
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Early and ongoing studies have shown adverse fetal and delivery outcomes associated with 

tobacco use in the perinatal period (McEvoy & Spindel, 2017). Smoking tobacco may 

be associated with placental abruption, which increases the risk of obstetric hemorrhage, 

blood transfusions, hysterectomy, disseminated intravascular coagulopathy, and renal failure 

(Bodelon et al., 2009; Tikkanen, 2011; Tikkanen et al., 2009). As the popularity of electronic 

cigarettes continues to increase nationally, additional research on the direct effects of 

maternal nicotine use and SMM is needed (Mark et al., 2015).

As observed in the recent analysis of 53.4 million deliveries mentioned previously, the 

current study did not find a significant association between a cannabis-related diagnosis 

and SMM (Jarlenski et al., 2020). Previous research has found an association between 

cannabis use and low birthweight (El Marroun et al., 2009; National Academy of Medicine 

Committee on the Health Effects of Marijuana, 2017). Although there are conflicting data 

surrounding pregnancy outcomes and cannabis use (Jarlenski et al., 2020; Metz et al., 2017), 

major regulatory bodies, including the American College of Obstetricians and Gynecologists 

(ACOG), recommend against cannabis use during pregnancy. In contrast to substances such 

as alcohol and stimulants that function on the central nervous system, cannabis functions 

through the endocannabinoid system (Behnke & Smith, 2013; Metz & Stickrath, 2015). 

Cannabis use is not significantly associated with the activities that could precipitate higher 

risks such as sepsis, endocarditis, and cardiovascular and pulmonary failure such as injection 

drug use and overdose (Jarlenski et al., 2020; Smid et al., 2019).

The results from this study show a high prevalence and odds of SMM in pregnant women 

with an SRD and alcohol-related diagnosis, which reinforces a rationale for robust and 

continuous screening measures in all clinical settings. Questions regarding alcohol and 

other substance use should be posed often and in different capacitates (e.g., prenatal and 

other outpatient visits), to identify pregnant women with an SRD early. Screening through 

questions related to alcohol and other substance use should be posed sensitively with 

attention to reducing the stigma that women may feel in disclosing use (Courchesne & 

Meyers, 2020; Meyers et al., 2021) and should include questions specifically related to 

different types of substances such as alcohol, stimulants, and nicotine.

The results of this study also support the need to design, implement, and test robust 

screening and monitoring interventions in all types of clinical encounters including prenatal, 

primary care, and psychiatry visits to manage and treat substance use during pregnancy. 

Future studies should investigate how prenatal alcohol use dose–responses, biological and 

environmental impact of substance use, polysubstance use, and treatment (e.g., MOUD) 

impact SMM risk and differentiate between differences in substance exposure (e.g., alcohol) 

and lifestyle factors (e.g., homelessness).

Strengths and limitations

This study is strengthened by a large sample size of women who presented for delivery 

over 3.5 years, and the utilization of robust methodology (e.g., propensity score matching 

to control for confounding in the unstructured EHR data). These methods eliminated a 

greater portion of potential bias when the effects of SRD were estimated. This study is 

limited by using ICD-10 codes for health-related diagnoses, which could have involved 
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misclassification bias, unmeasured confounding (e.g., current treatment for SRD, MOUD), 

eligibility changes over time (e.g., discontinued substance use after a SRD), and missing 

data (e.g., polysubstance substance use that is not accounted for; Benchimol et al., 2015; 

Utter, Atolagbe & Cooke, 2019). In an effort to mitigate these concerns, we used robust 

matching techniques, only selected women with an SRD from conception to ≤ 42 weeks, and 

eliminated anyone with an SRD after delivery. Compared with other studies, an inconsistent 

distribution of ≥ 1 previous pregnancy was observed in this study due to matching on 

this variable (Corsi et al., 2019). To confirm that this variable did not impact the results 

of this study, the analysis was repeated without matching on this variable, and again for 

primigravida women. The relationship between an SRD, the other covariates (e.g., age), and 

the outcome variables remained significant in both analyses, confirming that our decision 

to match on ≥ 1 previous pregnancy did not impact the final results. Because we do not 

have universal screening for substance use in our health system, we recognize that the 

SRDs, such as alcohol use and misuse, are likely an underreporting of the prevalence in 

the community. However, those who receive an ICD-10 diagnostic code for an SRD in the 

EHR are likely identified due to self-report or problematic symptoms that are presenting 

due to their substance use. Therefore, these diagnostic codes are likely a marker that the 

patient's presentation is significant enough to code for an SRD in the EHR and may in 

fact be impacting other outcomes such as SMM. An SRD was not significantly associated 

with blood transfusions, the most common SMM. This observation may be related to data 

misclassification. For example, ICD-10 codes are used to classify obstetrical hemorrhage 

and blood transfusions as clinical diagnoses vs. procedures, respectively. The procedure 

codes used in the CDC’s 21 SMM indicators were not made available in this particular 

EHR until 3 years after its inception. As such, there may be some discrepancies in the 

classification of blood transfusions and the subsequent SMM grouping variable. Despite 

this potential limitation, an association between SRD and SMM was still observed. The 

generalizability of the relationship between SRD and SMM in this study is limited by 

the restriction to Southern California, one healthcare system, and the low proportion of 

non-White (e.g., Black) subjects in this region.

CONCLUSION

This study contributes important information to an understudied field toward supporting 

maternal health. Substance- and alcohol-related diagnoses were significantly associated with 

SMM. An alcohol-related diagnosis had the lowest prevalence and the highest odds of 

SMM compared with any other substance assessed in this study. The patterns for stimulant- 

and nicotine-related diagnoses were not as well resolved with SMM. Opioid- and cannabis-

related diagnoses were not associated with SMM. This shows that alcohol use, misuse, 

abuse, or dependence during pregnancy may be a strong predictor of SMM. The results 

from this study reinforce the need to identify SRDs in pregnant women early to minimize 

potential harm through intervention and treatment. Interventions designed to screen and 

monitor pregnant women with an SRD should be developed and implemented in all types 

of clinical encounters including prenatal, primary care, and psychiatry visits. Additional 

research on the relationships between the prenatal alcohol use dose–response, the biological 
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and environmental impact on maternal substance use, polysubstance use, and MOUD have 

on SMM is also needed.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Flowchart of the study population for severe maternal morbidity (SMM) in pregnant women 

in a large healthcare system from March 1, 2016, to August 30, 2019
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FIGURE 2. 
Distribution of ≥1 severe maternal morbidity (SMM) by substance-related diagnosis type in 

a matched 1:1 sample of pregnant women in a large healthcare system from March 1, 2016, 

to August 30, 2019 (n = 673). *Having an alcohol-related diagnosis was associated with 

SMM (adjusted odds ratio = 3.07 [95% CI, 1.58–5.95], p-value = 0.0009). Women without a 

substance-related diagnosis (n = 1,252) are not included in this graph due to the unbalanced 

distribution of women without a substance-related diagnosis and SMM, which makes the 

figure difficult to interpret. However, the sample size and percentage for each substance by 

those with and without SMM can be found in Table 5. Note: The graph appears to visually 

present a significant difference between an opioid-related diagnosis and SMM. However, 

due to the large difference in sample size in women with and without SMM and the small 

sample size of women with an opioid-related diagnosis with SMM (n = 9), no significant 

association was observed
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in
g 

in
 a

 li
ve

 b
ir

th
 

or
 s

til
lb

ir
th

 (
ye

s/
no

),
 p

re
ex

is
tin

g 
he

al
th
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on

di
tio

n 
(y

es
/n

o)
, a

nd
 d

el
iv

er
y 

ye
ar

. E
ac

h 
ad

ju
st

ed
 m

od
el
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y 

su
bs

ta
nc

e 
ty

pe
 c

on
tr

ol
s 

fo
r 

th
e 

ot
he

r 
co

va
ri

at
es

 th
at

 w
er

e 
fo

un
d 

to
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e 
si

gn
if

ic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 

SM
M

 in
 th

e 
un

ad
ju

st
ed

 a
na

ly
se

s 
(i

.e
., 

pr
ee

xi
st

in
g 

he
al

th
 c

on
di

tio
n 

an
d 

no
ns

er
io

us
 m

en
ta

l i
lln

es
s)

. T
he

 r
es

ul
ts

 f
or

 p
re

ex
is

tin
g 

he
al

th
 c

on
di

tio
n 

an
d 

no
ns

er
io

us
 m

en
ta

l i
lln

es
s 

by
 s

ub
st

an
ce

 ty
pe

 a
re

 a
va

ila
bl

e 

up
on

 r
eq

ue
st

. p
-v

al
ue

s 
ba

se
d 

on
 th

e 
ch

i-
sq

ua
re

 (
χ

2 )
 te

st
s 

of
 s

ig
ni

fi
ca

nc
e 

fo
r 

ca
te

go
ri

ca
l d

at
a.

 V
ar

ia
bl

e 
to

ta
ls
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ay

 n
ot

 s
um

 to
 c

ol
um

n 
to

ta
ls
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ue

 to
 m

is
si

ng
 d

at
a.

A
bb

re
vi

at
io

ns
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I,
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on
fi

de
nc

e 
in

te
rv

al
; S

D
, s

ta
nd

ar
d 

de
vi
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io

n.
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