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Abstract

Background: The objective was to assess mental health and substance use disorders (MSUD) at
delivery hospitalization and readmissions after delivery discharge.

Methods: This is a population-based retrospective cohort study of persons who had a delivery
hospitalization during January to September in the 2019 Nationwide Readmissions Database. We
calculated 90-day readmission rates for MSUD and non-MSUD, overall and stratified by MSUD
status at delivery. We used multivariable logistic regressions to assess the associations of MSUD
type, patient, clinical, and hospital factors at delivery with 90-day MSUD readmissions.

Results: An estimated 11.8% of the 2,697,605 weighted delivery hospitalizations recorded
MSUD diagnoses. The 90-day MSUD and non-MSUD readmission rates were 0.41% and 2.9%
among delivery discharges with MSUD diagnoses, compared to 0.047% and 1.9% among delivery
discharges without MSUD diagnoses. In multivariable analysis, schizophrenia, bipolar disorder,
stimulant-related disorders, depressive disorders, trauma- and stressor-related disorders, alcohol-
related disorders, miscellaneous mental and behavioral disorders, and other specified substance-
related disorders were significantly associated with increased odds of MSUD readmissions. Three
or more co-occurring MSUDs (vs one MSUD), Medicare or Medicaid (vs private) as the primary
expected payer, lowest (vs highest) quartile of median household income at residence zip code
level, decreasing age, and longer length of stay at delivery were significantly associated with
increased odds of MSUD readmissions.
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Conclusion: Compared to persons without MSUD at delivery, those with MSUD had higher
MSUD and non-MSUD 90-day readmission rates. Strategies to address MSUD readmissions

can include improved postpartum MSUD follow-up management, expanded Medicaid postpartum
coverage, and addressing social determinants of health.
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1. Introduction

Mental health and substance use disorders (MSUD) during pregnancy and postpartum are

a public health concern. The proportion of delivery hospitalizations with mental health
condition diagnoses such as prenatal depression, anxiety, bipolar disorders, and psychotic
disorders has increased significantly in recent years (Haight et al., 2019; Logue et al.,

2022; McKee et al., 2020; Weiss et al., 2022). Prevalence of diagnosed perinatal depression
ranged from 6.5%-12.9% (Gavin et al., 2005). Prevalence of self-reported depression during
pregnhancy was 14.8% and prevalence of self-reported postpartum depressive symptoms

was 13.4% in 2019 (Centers for Disease Control and Prevention, 2022). Prevalence of
self-reported prenatal anxiety symptoms was 18.2% and prevalence of a clinical diagnosis of
any anxiety disorder was 15.2%, with postpartum anxiety prevalence estimated at 9.9% and
postpartum anxiety symptoms prevalence estimated at 15.0% (Dennis et al., 2017). Pooled
prevalence of bipolar disorder during the perinatal period among women with no previously
known psychiatric illness was 2.6% (Masters et al., 2022). About 18.4% of pregnant females
aged 15-4 years had past-month use of illicit drugs, tobacco products, or alcohol in 2019 in
the United States (US) (Substance Abuse and Mental Health Services Administration, 2019).
The prevalence of maternal opioid-related diagnoses at delivery hospitalization significantly
increased from 2010 to 2017 (Hirai et al., 2021). MSUDs are associated with adverse
perinatal, neonatal, and child outcomes (Chang, 2020; Forray and Foster, 2015; Sithisarn et
al., 2012). Select obstetric risk factors were more common among delivery stays involving at
least one mental health disorder than among delivery stays with no mental health disorders
(Weiss et al., 2022). Mental health conditions, which include deaths of suicide, overdose/
poisoning related to substance use disorder, and other deaths determined to be related to a
mental health condition, including substance use disorder are a leading underlying cause of
pregnancy-related death in the US, accounting for 22.7% of pregnancy-related deaths from
year 2017 to 2019 (Trost et al., 2022). Nearly three-quarters of persons with a pregnancy-
related mental health cause of death had a history of depression, and more than two-thirds
had past or current substance use (Trost et al., 2021).

Professional and clinical organizations have issued recommendations on screening and
management of MSUDs during pregnancy and postpartum, which are known to improve
maternal and infant health (Substance Abuse and Mental Health Services Administration,
2018; O’Connor et al., 2016). However, there remain unmet needs and barriers to MSUD
care during pregnancy and postpartum (Ko and Haight, 2020; Raffi et al., 2021; Webb et
al., 2021). Readmissions data can inform interventions to improve discharge planning and
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follow-up care and reporting such data was included as a bundle element to improve health
and well-being of postpartum women (Stuebe et al., 2021). Anticipated care needs can take
into account the reasons for readmissions and factors that are associated with readmissions
(Girsen et al., 2022). Studies of MSUD readmissions after delivery have focused on all-
cause readmissions (Clapp et al., 2016; Kumar et al., 2019; Salemi et al., 2020), specific
conditions such as opioid use disorder (Wen et al., 2019), or grouped psychiatric conditions
(Wen et al., 2021). However, these studies used International Classification of Diseases,
Ninth Edition, Clinical Modification (ICD-9-CM) diagnosis codes for a subset of MSUDs.

Our study assessed MSUDs based on grouped ICD-10-CM diagnosis codes to (1)
characterize delivery hospitalizations with and without MSUD diagnoses; (2) assess 90-day
MSUD and non-MSUD readmission rates and reasons for readmissions; and (3) estimate
how MSUD type, patient, hospital, and clinical factors at delivery were associated with
MSUD readmissions.

2. Materials and methods

2.1. Data source

This is a population-based retrospective cohort study of MSUDs recorded at delivery
hospitalization and readmission within 90 days after delivery discharge using the 2019
National Readmissions Database (NRD). The NRD, compiled and released annually by
the Healthcare Cost and Utilization Project (HCUP), is drawn from HCUP State Inpatient
Databases containing verified patient linkage numbers that can be used to track a person
across hospitals within a state during a calendar year while adhering to strict privacy
guidelines. Thirty HCUP partner states contributed to the 2019 NRD. These states are
geographically dispersed and account for 61.8% of the total U.S. resident population

and 60.4% of all U.S. hospitalizations. The NRD includes discharges from community
hospitals, as defined by the American Hospital Association, and excludes discharges from
noncommunity hospitals or community hospitals that are either rehabilitation or long-term
acute care hospitals. The NRD contains more than 100 clinical and non-clinical data
elements provided in a hospital discharge abstract. HCUP developed discharge weights for
national estimates to support national readmissions analysis. More information on discharge
level or hospital level exclusions, sampling design, and data elements can be found in the
NRD data documentation (HCUP, 2019).

2.2. Measurement of MSUDs, readmissions, and covariates

Index hospitalizations were delivery hospitalizations occurring during January-September
2019 to allow for adequate time to capture 90-day readmissions after delivery discharges in
2019. We chose 90 days to assess patterns of readmission later in the postpartum period. We
identified delivery hospitalizations based on a validated algorithm (Clapp et al., 2020).

We identified MSUDs based on Clinical Classifications Software Refined (CCSR) V2021.2
categories in the Mental, Behavioral and Neurodevelopmental Disorders (MBD) chapter.
The CCSR aggregates more than 70,000 International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) diagnosis codes into over 530 clinically
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meaningful categories, organized into 21 body system chapters following the ICD-10-CM
diagnosis codebook chapters (HCUP, 2021). The MBD chapter generally follows the
organization of the American Psychiatric Association Diagnostic and Statistical Manual

of Mental Disorders and includes 32 CCSR categories. A total of 21 CCSR categories were
included as MSUDs and the rest 11 CCSR categories in the MBD chapter were excluded

as MSUDs and included as non-MSUDs (Appendix Table Al). These 11 CCSR categories,
including tobacco use, developmental disorders, and remission or subsequent encounter
codes, are generally not coded as the principal discharge diagnosis, which were confirmed in
our preliminary analysis.

We converted all principal and secondary ICD-10-CM diagnosis codes recorded at the
delivery hospitalization to the corresponding CCSR categories. Each MSUD was coded

as present at delivery if one or more ICD-10-CM diagnosis codes at delivery belongs

to MSUDs. We used the default CCSR category assigned to the principal diagnosis

at readmission to determine the principal reason for readmission (HCUP, 2021). If the
default CCSR category belonged to MSUD, we coded the readmission as an MSUD
readmission. Otherwise, we coded it as a non-MSUD readmission. We based the definition
of readmission rate on established HCUP methods (Barrett et al., 2011). We identified the
first all-cause/MSUD/non-MSUD readmission within 90 days of index delivery discharge.
All-cause readmissions included both MSUD and non-MSUD readmissions. We calculated
the 90-day all-cause, MSUD, or non-MSUD readmission rate as the total number of all-
cause readmissions, MSUD readmissions, or non-MSUD readmissions within 90 days after
delivery, divided by the total number of delivery hospitalization discharges.

We assessed patient and hospital characteristics at delivery hospitalization (Table 1). We
used the definitions of these variables provided by HCUP except the following: for primary
expected payer, we combined categories other than Medicare, Medicaid, private insurance,
or other government insurance into one category, which included missing, no charge, or
self-pay (Barrett et al., 2011). For urbanicity of patient residence, we combined large central
metropolitan and large fringe metropolitan into large metropolitan area.

Clinical characteristics included the delivery mode (cesarean vs vaginal delivery) and the
number of non-MSUD comorbidities (none, one, two, three or more) based on Agency

for Healthcare Research and Quality Elixhauser Comorbidity Software (HCUP, 2022). We
excluded Elixhauser comorbidity categories of alcohol abuse, depression, drug abuse, and
psychosis because these were included in the definition of MSUDs. In our preliminary
analysis, we ran a frequency table of the list of comorbidities and included the top 6 major
comorbidities in the multivariate regressions. We also tried including maternal comorbidities
of diabetes, hypertension, and obesity. The results were similar. Thus, we included the
number of non-MSUD comorbidities for ease of presentation.

We excluded delivery hospitalizations from the analysis if the patient died during the
delivery hospitalization or information on patient disposition was missing; age was greater
than 55, less than 12 years or missing; or information that was needed to calculate
readmission rate (visit date, length of stay) was missing (Fig. 1). Missing information on
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median household income at zip code level and on location of patient residence was noted as
missing, but we included these observations in rate calculations and regressions.

2.3. Statistical analyses

We calculated the 90-day readmission rates after delivery discharge due to all causes,
MSUD, and non-MSUD, stratified by MSUD status at delivery. We also tabulated the
number of readmissions within 30 days, 31-60 days, and 61-90 days after delivery. We
assessed the differences in patient characteristics (age, primary expected payer, location of
patient residence, quartile of median household income at the residence zip code), clinical
characteristics (delivery mode, number of non-MSUD-related comorbidities, length of stay),
and hospital characteristics (bed size, teaching status) of delivery hospitalizations by MSUD
status at delivery using Chi-squared test. P< 0.05 is considered statistically significant.

To characterize readmission reasons, we calculated the percentages of readmissions that
different CCSR body system chapters accounted for, stratified by MSUD status at delivery.

Among delivery hospitalizations with MSUD diagnoses, we used multivariable logistic
regressions to assess factors associated with 90-day MSUD readmissions. Factors assessed
included the above-mentioned patient, clinical, and hospital characteristics as well as an
indicator for each of the 11 specific types of MSUDs that accounted for more than 1% of
delivery hospitalizations with MSUD. Since MSUDs types were not mutually exclusive, the
estimated odds ratio of a specific MSUD controlled for all other MSUDs present at delivery.
In a separate model, we replaced the specific MSUD indicators with the number of MSUDs
recorded at delivery (one, two, three or more) and assessed whether having multiple MSUDs
diagnoses recorded at delivery was associated with MSUD readmissions. The adjusted odds
ratios (aOR) and 95% Cis were based on survey procedures in SAS 9.4 (SAS Institute Inc,
Cary, NC).

This study does not require institutional review board review given analyses of deidentified
data are considered research not involving human subjects.

3. Results

Of 2,697,605 weighted delivery hospitalizations from January to September 2019 included
in our analysis, an estimated 11.8% of delivery hospitalizations recorded one or more
MSUDs. Among these delivery hospitalizations recorded with MSUDs, an estimated

8.8% had one MSUD recorded; 61.4% had two; and 29.8% had three or more.

The most frequently recorded MSUDs at delivery were miscellaneous mental and
behavioral disorders/conditions (9.4%, Table 1), anxiety and fear-related disorders (5.7%),
depressive disorders (4.4%), other specified substance-related disorders (2.9%), cannabis-
related disorders (1.6%), bipolar and related disorders (0.9%), opioid-related disorders
(0.7%), trauma- and stressor-related disorders (0.6%), stimulant-related disorders (0.6%),
schizophrenia spectrum and other psychotic disorders (0.1%) and alcohol-related disorders
(0.1%). Other MSUD categories each accounted for less than 0.1% of deliveries.

Among the most frequently recorded MSUD at delivery, “miscellaneous mental and
behavioral disorders/conditions.”, the specific ICD-10-CM codes that collectively accounted
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for over 90% of “miscellaneous mental and behavioral disorders/conditions” included
099344, 099343, 099345, 099340, 099342, 099341 (other mental disorders complicating
pregnancy, childbirth, and the puerperium), F53 (Mental and behavioral disorders associated
with the puerperium, not elsewhere classified), and F99 (Mental disorder, not otherwise
specified). The specific ICD-10-CM codes that collectively accounted for over 90% of
“other specified substance related disorders” included 099324 (drug use complicating
childbirth), 099323 (drug use complicating pregnancy, third trimester), F1910 (other
psychoactive substance abuse, uncomplicated), and F1990 (other psychoactive substance
use, unspecified, uncomplicated).

As presented in Table 1, distribution of characteristics among deliveries with or without
MSUD diagnoses recorded was statistically different for all examined characteristics except
hospital bed size. Compared to delivery hospitalizations with no MSUD recorded, a higher
proportion of delivery hospitalizations with MSUDs recorded listed Medicaid as their
primary expected payer (49.5% vs 39.5%, P<0.001), residency at locations other than

large metropolitan areas (49.8% vs 46.1%, P<0.001), and median household income at

zip codes of residence belonging to the lowest quartile (28.4% vs 27.0%, P<0.001). A
higher percentage of deliveries with MSUD diagnoses were by cesarean compared to those
deliveries without MSUD recorded (34.9% vs 31.3%, P<0.001). Delivery hospitalizations
with MSUD recorded on average had longer length of stay (3.1 vs 2.6 days, P<0.001) and
younger age at delivery than delivery hospitalizations without MSUD recorded (28.7 vs
29.1, P<0.001).

The top 10 primary CCSR body system chapters based on principal diagnosis recorded on
all-cause 90-day readmissions after delivery are in Fig. 2. Pregnancy-related readmissions
accounted for 77.4% of readmissions among deliveries without MSUD diagnoses, in
comparison to 66.7% among deliveries with MSUD diagnoses. Mental, behavioral,

and neurodevelopmental disorders chapter accounted for 11.5% of readmissions among
deliveries with MSUD diagnoses, in comparison to 2.3% among deliveries without MSUD
diagnoses. The 90-day all-cause, MSUD, and non-MSUD readmission rates differed by
MSUD status at delivery hospitalization (Table 2). Regardless of MSUD status at delivery,
the number of non-MSUD readmissions decreased after the first 30 days after delivery
discharge. In contrast, the number of MSUD readmissions increased over time after delivery
(Table 2). For example, among deliveries with MSUD diagnoses, the number of MSUD
readmissions increased from 338 in the first 30 days to 508 in the 61-90 days after delivery
discharge. Among deliveries without MSUD diagnoses, the number of MSUD readmissions
increased from 218 in the first 30 days to 481 in the 61-90 days after delivery discharge.

In multivariable regression among deliveries with MSUD, MSUD type at delivery were
differentially associated with 90-day MSUD readmissions (Table 3). Among the 11 types

of MSUD:s evaluated, eight MSUDs were associated with significantly higher odds for
postpartum MSUD readmissions, with the highest odds for schizophrenia (OR = 7.30,
95%Cl: 5.44-9.78), bipolar (OR = 2.27, 95%ClI: 1.70-3.02), and stimulant-related disorders
(OR =2.15, 95%CIl: 1.52-3.05). Other types of MSUDs associated with increased odds of
MSUD readmissions included depressive disorders (OR =1.35, 95%Cl:1.07 —1.72), trauma-
and stressor-related disorders (OR =1.65, 95%Cl:1.28 —2.12), miscellaneous mental and
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behavioral disorders/conditions (OR =1.77, 95% Cl:1.24 —2.54), alcohol-related disorders
(OR =1.75, 95%CIl: 1.04-2.94), and other specified substance-related disorders (OR =1.54,
95%C]1:1.08 —2.20). Medicare or Medicaid insurance (vs private insurance) as primary
expected payer at delivery and residence in a zip code with the lowest household income
quartile (vs the highest income quartile) were significantly associated with higher odds

for MSUD readmissions. Odds of MSUD readmission also increased with longer length

of delivery hospitalization stay and younger age at delivery. In a separate multivariable
regression analysis, where specific MSUD categories were replaced by the number of
MSUD:s at delivery, three or more MSUDs (vs one MSUD) at delivery was associated with
significantly higher odds for MSUD readmissions (OR=3.27, 95% Cl:2.10-5.09) (Data not
shown).

4. Discussion

Eight MSUDs were associated with significantly higher odds for postpartum MSUD
readmissions. This is consistent with previous findings that women with psychiatric
diagnoses at delivery hospitalization were more likely to be readmitted for postpartum
psychiatric conditions compared with those without psychiatric comorbidity, although that
study grouped all psychiatric diagnoses together (Wen et al., 2021). Although screening for
depression, bipolar disorder, anxiety, trauma and intimate partner violence, and substance
use disorders (for example, opioid use disorders and stimulant use disorder) is recommended
by professional organizations, implementation of screening and referral to treatment can still
benefit from improvement, such as evidence-based, individualized, non-judgmental care and
the capacity for integrating screening and intervention for multiple, co-occurring MSUDs
(Byatt et al., 2020; Ecker et al., 2019; Gulbransen et al., 2022). Furthermore, we found that
severe mental illness such as schizophrenia, bipolar and related disorders, noted at delivery
hospitalization was associated with the highest odds for MSUD readmissions, even when
controlling for the presence of other MSUDs. Continuity of care post-discharge is especially
important for individuals with these conditions (Conejo-Galindo et al., 2022; Jones et al.,
2014). We noted a large proportion of MSUDs have indicators for nonspecific miscellaneous
mental and behavioral disorders/conditions or other specified substance-related disorders.
This may reflect difficulties in confirming a diagnosis or transferring diagnosis to coding for
MSUD conditions in the billing infrastructure (Kim et al., 2012; Howell et al.,2021).

As expected, we found a higher rate of MSUD readmissions for delivery hospitalizations
with MSUD diagnoses than for those without MSUD diagnoses. The number of MSUD
readmissions increased over time after delivery for both groups regardless of whether
MSUD was present at delivery, although the MSUD readmissions numbers were small
for both groups. This finding may reflect the continued need for screening and referral

to treatment for MSUD beyond the traditional postpartum visit at 6 weeks after delivery.
The American College of Obstetricians and Gynecology has increased awareness of the
postpartum period or “fourth trimester” of pregnancy and recommended that women

with chronic medical conditions, including mood disorders and substance use disorders,
should be counseled regarding the importance of timely follow-up with their obstetrician-
gynecologists or primary care providers for ongoing coordination of care (McKinney et al.,
2018).
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Our results showed that 51.4% of delivery hospitalizations with MSUD diagnoses had
Medicaid or Medicare as their primary expected payer, in comparison to 40.2% of delivery
hospitalizations without MSUD diagnoses. MSUDs are among the most prevalent chronic
conditions and incur high health service use during pregnancy through one year postpartum
among persons who were covered by Medicaid at delivery (Pollack et al., 2022; Salahuddin
et al., 2022). Structural and individual barriers to care among Medicaid and Medicare
beneficiaries are wide ranging, such as lack of provider continuity, lack of transportation,
and stigma related to insurance status or substance use (Bellerose et al., 2022; Pollack et
al., 2022). In multivariable analysis, our result showed that Medicare or Medicaid insurance
(vs private insurance) as primary expected payer was associated with higher odds of MSUD
readmissions. Other studies have shown that insurance coverage can affect postpartum care
access and Medicaid insurance is associated with obstetric hospital readmissions (Matthews
etal., 2022; Reddy et al., 2021). To address insurance instability, which is a barrier to
health care access in the postpartum period, particularly for those insured by Medicaid

at delivery, states can implement strategies to extend Medicaid coverage up to 1 year
postpartum (Centers for Medicare & Medicaid Services, 2021). The extended postpartum
coverage option through the American Rescue Plan offers states an opportunity to improve
the continuity of care for chronic conditions, including MSUDs (Centers for Medicare &
Medicaid Services, 2021).

In addition to insurance coverage, our results highlight how other social determinants of
health, such as living in the lowest quartile of median household income at zip code level,
were associated with higher odds of MSUD readmissions. A recent study on assessment
of multiple social needs (e.g., food, utilities, transportation) among Medicaid beneficiaries
found that each of the 10 examined social needs was consistently associated with MSUDs
(McQueen et al., 2021). MSUD clinical care can be improved by integrating interventions
for meeting unmet social needs (Barfield, 2021; Byatt et al., 2020; Horbar et al., 2020).

4.1. Strength and limitations

Our study has several limitations. First, we were unable to account for MSUD care in
settings such as outpatient MSUD management, including medications, therapy, or follow
up visits with health care professionals. Second, we were unable to examine certain
sociodemographic variables such as race/ethnicity because they were not included in the
NRD. Racial and ethnic disparities in postpartum readmissions and the way that social
determinants of health influence these disparities have been documented (Aseltine et al.,
2015; Aziz et al., 2019; Matthews et al., 2022). Third, the characteristics assessed at delivery
hospitalization may have changed by the time of readmission, such as insurance status.
Fourth, the NRD only includes readmissions from community hospitals and does not include
psychiatric hospitalizations. Fifth, we assessed the number of MSUDs present at delivery
hospitalizations without further examining the co-occurrence of specific MSUDs. Despite
these limitations, key strengths of this study include the use of population-based cohort data
and use of a comprehensive list of MSUDs.
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Our study documented MSUDs at delivery hospitalization and readmissions and assessed

factors associated with MSUD readmissions. Factors associated with higher odds of
readmission, such as type of MSUD, primary expected payer and community income

levels, may present considerations for anticipatory care needs at the delivery hospitalization

to reduce readmissions. Strategies to improve care for persons with MSUD at delivery

can include improved follow-up screening and management of MSUDs in the postpartum

period, equitable access to quality postpartum care, expanded Medicaid postpartum

coverage, and addressing social determinants of health.

Disclaimer

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

Appendix
Appendix

Table A1

Clinical Classifications Software Refined Categories (CCSR) in the Mental, Behavioral and
Neurodevelopmental Disorders Chapter by Mental Health and Substance Use Disorders
(MSUD) inclusion status.

CCSR& Category

CCSR Category Description

Included as MSUD

MBDO001
MBD002
MBDO003
MBDO004
MBDO005
MBDO006
MBDO007
MBD008
MBDO009
MBDO010
MBDO011
MBDO012
MBDO013
MBDO017
MBDO018
MBDO019
MBD020
MBD021
MBD022
MBD023

Schizophrenia spectrum and other psychotic disorders
Depressive disorders

Bipolar and related disorders

Other specified and unspecified mood disorders
Anxiety and fear-related disorders
Obsessive-compulsive and related disorders

Trauma- and stressor-related disorders

Disruptive, impulse-control and conduct disorders
Personality disorders

Feeding and eating disorders

Somatic disorders

Suicidal ideation/attempt/intentional self-harm
Miscellaneous mental and behavioral disorders/conditions
Alcohol-related disorders

Opioid-related disorders

Cannabis-related disorders

Sedative-related disorders

Stimulant-related disorders

Hallucinogen-related disorders

Inhalant-related disorders
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CCSR2 Category CCSR Category Description
MBD025 Other specified substance-related disorders
Excluded as MSUD
MBDO014 Neurodevelopmental disorders
MBD024 Tobacco-related disorders
MBD026 Mental and substance use disorders in remission
MBDO027 Suicide attempt/intentional self-harm; subsequent encounter
MBD028 Opioid-related disorders; subsequent encounter
MBD029 Stimulant-related disorders; subsequent encounter
MBDO030 Cannabis-related disorders; subsequent encounter
MBDO031 Hallucinogen-related disorders; subsequent encounter
MBD032 Sedative-related disorders; subsequent encounter
MBDO033 Inhalant-related disorders; subsequent encounter
MBDO034 Mental and substance use disorders; sequela

aCCSR, Clinical Classifications Software Refined \V2021.2. Detailed mapping between CCSR and ICD-10-CM codes is

available online in the CCSR user’s guide.
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Weighted deliveries in HCUP-NRD

n=2,702,271

v

n=2,702,211
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n=317,476 n=2,380,129

Sample inclusion and exclusion criteria among delivery hospitalizations in the Healthcare

Cost and Utilization Project Nationwide Readmissions Database, January-September 2019.
HCUP, Healthcare Cost and Utilization Project, NRD, Nationwide Readmission Database,
MSUD, mental health and substance use disorders.
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Fig. 2.
Percentage distribution of top 10 default Clinical Classifications Software Refined categories

for principal diagnosis of readmissions within 90 days after delivery discharge. PRG,
pregnancy, childbirth, and the puerperium; DIG, diseases of the digestive system; MBD,
mental, behavioral, and neurodevelopmental disorders; INF, certain infectious and parasitic
diseases; GEN, diseases of the genitourinary system; CIR, diseases of the circulatory
system; INJ, injury, poisoning and certain other consequences of external causes; RSP,
diseases of the respiratory system; NVS, diseases of the nervous system; NEO, neoplasms.
Detailed ICD diagnoses codes in each category available online in the CCSR user’s guide.
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Table 1

Patient, Clinical, and Hospital Characteristics of Delivery Hospitalizations, With or Without Mental Health
and Substance Use Disorders (MSUD) Diagnoses, National Readmissions Database, January-September 2019.

Total Delivery Without MSUD  Delivery With MSUD
Diagnoses Diagnoses

Weighted No. (Col %) Weighted No. (Col %0) Weighted No. (Col %)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Total 2,697,605 2,380,129 317,476
Patient characteristics 4
Age group
12-19 134,620 (5.0) 117,176 (4.9) 17,445 (5.5)
20-29 1,288,969 (47.8) 1,131,773 (47.6) 157,195 (49.5)
30-39 1,184,965 (43.9) 1,051,952 (44.2) 133,013 (41.9)
40-55 89,051 (3.3) 79,228 (3.3) 9823 (3.1)
Primary expected payer
Medicare 21,775 (0.8) 15,647 (0.7) 6128 (1.9)
Medicaid 1,096,603 (40.7) 939,558 (39.5) 157,046 (49.5)
Private 1,446,777 (53.6) 1,306,787 (54.9) 139,990 (44.1)
Other 81,074 (3.0) 71,973 (3.0) 9101 (2.9)
Self-pay /no charge/missing 51,376 (1.9) 46,164(1.9) 5212(1.6)
Location of patient residence
Large metropolitan 1,443,114 (53.5) 1,283,738 (53.9) 159,375 (50.2)
Medium metropolitan 617,056 (22.9) 540,734 (22.7) 76,322 (24.0)
Small metropolitan 257,413 (9.5) 223,620 (9.4) 33,793 (10.6)
Micropolitan 217,406 (8.1) 189,649 (8.0) 27,757 (8.7)
Not metropolitan or micropolitan 159,676 (5.9) 140,356 (5.9) 19,320 (6.1)
Missing? 2940 (0.1) 2032 (0.1) 909 (0.3)
Median household income at zip code level
Quartile 1 (lowest) 731,892 (27.1) 641,613 (27.0) 90,279 (28.4)
Quartile 2 688,749 (25.5) 605,243 (25.4) 83,506 (26.3)
Quartile 3 695,663 (25.8) 613,216 (25.8) 82,447 (26.0)
Quartile 4 (highest) 564,047 (20.9) 505,023 (21.2) 59,024 (18.6)
Missing 17,254 (0.6) 15,034 (0.6) 2221 (0.7)

Clinical characteristics 4
Mode of delivery

Cesarean section
MSUDs

Schizophrenia spectrum and other psychotic
disorders

Depressive disorders
Bipolar and related disorders
Anxiety and fear-related disorders

Trauma- and stressor-related disorders

Drug Alcohol Depend. Author manuscript; available in PMC 2024 June 01.

856,515 (31.8)

3881 (0.1)

117,785 (4.4)
25,429 (0.9)
154,242 (5.7)
16,821 (0.6)

745,814 (31.3)

110,701 (34.9)

3881 (1.2)

117,785 (37.1)
25,429 (8.0)
154,242 (48.6)
16,821 (5.3)
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Total

Weighted No. (Col %)

Delivery Without MSUD

Diagnoses

Delivery With MSUD
Diagnoses

Weighted No. (Col %)

Weighted No. (Col %)

Miscellaneous mental and behavioral disorders/
conditions

Alcohol-related disorders
Opioid-related disorders
Cannabis-related disorders
Stimulant-related disorders

Other specified substance-related disorders

Number of non-MSUD comorbidities ¢
No Comorbidity
1
2
3 or more

Length of stay in days (Mean + SE)

Hospital characteristics 4
Hospital bed size

Small

Medium

Large

Teaching status of hospital
Metropolitan non-teaching
Metropolitan teaching

Non-metropolitan

253,238 (9.4)

3827 (0.1)
19,805 (0.7)
44,432 (1.6)
15,490 (0.6)
77,136 (2.9)

2,019,390 (74.9)
535,418 (19.8)
117,976 (4.4)
24,821 (0.9)

2.7 (0.01)

482,133 (17.9)
743,009 (27.5)
1,472,463 (54.6)

457,468 (17.0)
1,993,265 (73.9)
246,873 (9.2)

1,823,502 (76.6)
446,930 (18.8)
91,838 (3.9)
17,859 (0.8)

2.6 (0.01)

426,862 (17.9)
656,982 (27.6)
1,296,285 (54.5)

410,813 (17.3)
1,750,992 (73.6)
218,323 (9.2)

253,238 (79.8)

3827 (1.2)
19,805 (6.2)
44,432 (14.0)
15,490 (4.9)
77,136 (24.3)

195,888 (61.7)
88,488 (27.9)
26,138 (8.2)
6963 (2.2)
3.1(0.03)

55,272 (17.4)
86,027 (27.1)
176,178 (55.5)

46,654 (14.7)
242,272 (76.3)
28,550 (9.0)

aAII differences are significant using Chi-squared test except for hospital bed size.

We created missing categories for median household income at zip code level and location of patient residence. Missing primary expected payer is
combined with the “self-pay” and “no charge” category. For all other variables, either they do not have missing values or observations with missing

values were excluded from the study sample (Fig. 1).

DComorbidities as defined by HCUP Elixhauser comorbidity Software, excluding alcohol abuse, depression, drug abuse, and psychosis.
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Readmission Rate for Deliveries With or Without Mental Health and Substance Use Disorders (MSUD)

Table 2

Diagnoses, National Readmission Database, January to September 2019.

Deliveries without MSUD  Deliveries with MSUD

Total weighted N(Col %)

All-cause 90-day readmissions, weighted N

All-cause 90-day readmission rate, % (95% CI) 4
0-30 day readmission, weighted N(Col %)
31-60 day readmission, weighted N(Col %)
61-90 day readmission, weighted N(Col %)
MSUD 90-day readmissions, weighted N

MSUD 90-day readmission rate, % (95% CI) 4
0-30 day readmission, weighted N (Col %)
31-60 day readmission, weighted N(Col %)
61-90 day readmission, weighted N(Col %)

Non-MSUD 90-day readmissions, weighted N

Non-MSUD 90-day readmission rate, % (95% CI) €
0-30 day readmission, weighted N (Col %)
31-60 day readmission, weighted N(Col %)
61-90 day readmission, weighted N(Col %)

2,380,129 (100)
45,209
1.9 (1.8-2.0)

34,764 (1.5)

5975 (0.3)

4469 (0.2)

1119

0.047 (0.042-0.052)

218 (0.01)
420 (0.02)
481 (0.02)
44,180

1.9 (1.8-1.9)
34,556 (1.5)
5585 (0.2)
4040 (0.2)

317,476 (100)
10,403
3.3(3.1-3.4)

7150 (2.3)

1773 (0.6)

1480 (0.5)

1295

0.41 (0.37-0.45)

338 (0.1)
449 (0.1)
508 (0.2)
9221

2.9 (2.8-3.0)
6832 (2.2)

1378 (0.4)
1011 (0.3)

Page 18

a . A . . . o . ] T . .
All differences are significant using Chi squared test. The calculation of readmission rate only includes the first readmission in a given time

period, thus the MSUD 90-day readmissions and non-MSUD readmissions do not necessarily sum to the all-cause 90-day readmissions.
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Table 3

Factors Associated With 90-day Mental Health and Substance Use Disorders Readmissions Among Hospital
Deliveries with MSUD Diagnoses, National Readmissions Database, 2019.4

1duosnuey Joyiny

1duosnuen Joyiny

Characteristics at delivery hospitalization aOR (95% Cl)  P-value
MSUD type
Schizophrenia spectrum and other psychotic disorders 7.30(5.44-9.78)  <0.001
Depressive disorders 1.35(1.07-1.72) 0.013
Bipolar and related disorders 2.27 (1.70-3.02)  <0.001
Anxiety and fear-related disorders 0.84 (0.68-1.03) 0.088
Trauma- and stressor-related disorders 1.65(1.28-2.12) <0.001
Miscellaneous mental and behavioral disorders/conditions ~ 1.77 (1.24-2.54)  0.002
Alcohol-related disorders 1.75 (1.04-2.94)  0.035
Opioid-related disorders 1.25(0.84-1.87) 0.266
Cannabis-related disorders 0.75 (0.53-1.06)  0.100
Stimulant-related disorders 2.15(1.52-3.05) <0.001
Other specified substance-related disorders 1.54 (1.08-2.20) 0.016
Primary expected payer
Medicare 5.04 (3.40-7.48) <0.001
Medicaid 2.13 (1.62-2.80)  <0.001
Private 1.0 (reference)
Other 1.75(0.95-3.23) 0.073
Self-pay/ no charge/ unknown 1.39 (0.65-2.95) 0.395
Median household income at zip code level
Quartile 1 (lowest) 157 (1.12-2.21)  0.009
Quartile 2 1.38(0.99-1.92)  0.054
Quartile 3 1.15(0.83-1.61)  0.400
Quartile 4 (highest) 1.0 (reference)
Age at delivery in years 0.96 (0.94-0.97) <0.001
Length of stay in days 1.01 (1.00-1.02) 0.014

1duosnuey Joyiny

1duosnuen Joyiny

aMSUD, Mental Health and Substance Use Disorders; aOR, adjusted odds ratio; Results not reported for other characteristics that are not
significant in the regression, including hospital bed size, hospital teaching status, patient location, delivery mode, number of non-MSUD
comorbidities, and missing categories for median household income at zip code level. MSUD types are dummy variable indicators, and MSUD
types are not mutually exclusive. Odds of readmission for each type of MSUD is controlling for all other types of MSUD.
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