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Abstract

Objective: The study’s objectives were to examine rates of severe maternal morbidity (SMM)
over a 10-year period and assess racial/ethnic disparities in SMM among insured women in a
large, integrated health care system in Southern California.

Methods: We included Kaiser Permanente Southern California (KPSC) health plan members
who gave birth at 220 weeks’ gestation in a KPSC-owned hospital during 2008-2017. An
SMM case was defined as presence of one or more indicators of an SMM event during a birth
hospitalization, identified using maternal electronic health records. Crude SMM rates/10,000
births were calculated by year and maternal race/ethnicity. Modified Poisson regression models
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were used to assess the association between race/ethnicity and SMM adjusted for other maternal
demographics, pregnancy characteristics, and preexisting conditions.

Results: We identified 5,915 SMM cases among 335,310 births. Crude SMM rates increased
from 94.7 per 10,000 in 2008 to 192.6 in 2015 and 249.5 in 2017. Non-Hispanic Black (adjusted
risk ratio [aRR] 1.52; 95% confidence interval [CI] 1.37-1.69), Asian/Pacific Islander (aRR 1.29,
95% ClI 1.18-1.41), and Hispanic (aRR 1.18, 95% CI 1.10-1.27) women had greater likelihood of
SMM than non-Hispanic White women. After further adjusting for preexisting health conditions,
differences in SMM by race/ethnicity remained.

Conclusions: SMM rates increased during 2008-2017 and women of racial and ethnic minority
groups, particularly non-Hispanic Black women, were more likely to experience an SMM event
than non-Hispanic White women. Multilevel approaches to understanding structural and social
factors that may be associated with racial and ethnic disparities in SMM are needed to develop and
test effective interventions to reduce SMM.

Severe maternal morbidity (SMM) comprises serious, unexpected consequences of labor and
delivery (birth) that can result in both short- and long-term adverse outcomes, including
mortality (American College of Obstetrics and Gynecologists and the Society for Maternal-
Fetal Medicine et al., 2016; Centers for Disease Control and Prevention, 2018a, 2018b;
Creanga et al., 2014; Soma-Pillay et al., 2018; Zanardi et al., 2019). Rates of SMM in

the United States have increased steadily over the past 15 years, resulting in increased
medical needs, costs, risk for SMM during subsequent births, and longer hospitalizations
(Callaghan et al., 2012; Centers for Disease Control and Prevention, 2018a; Fingar et al.,
2018; Leonard, Main, Scott, et al., 2019). Studies have attributed increased rates of SMM to
increased rates of obstetric risk factors, including maternal age (Fingar et al., 2018; Martin
et al., 2017), pre-pregnancy obesity (Fisher et al., 2013; Masters et al., 2018), preexisting
medical conditions (Campbell et al., 2013), and cesarean birth (Barber et al., 2011; Leonard,
Main, & Carmichael, 2019; Martin et al., 2017; Reid & Creanga, 2018).

SMMs disproportionately affect women of racial and ethnic minority groups. Although, on
average, non-Hispanic Black women are younger when giving birth than their non-Hispanic
White counterparts, their rates of complications during the labor and birth processes,
including SMM, are significantly higher (Booker et al., 2018; Brown et al., 2021; Fingar et
al., 2018; Reid & Creanga, 2018; Shen et al., 2005; Wang et al., 2020). Higher risk of SMM
for women of color has been attributed to differences in prevalence of chronic conditions
and social determinants of health (Wang et al., 2020), such as income, lower neighborhood
socioeconomic status (SES), and insurance status (Creanga et al., 2014; Lindquist et al.,
2015; Reid & Creanga, 2018); structural issues such as hospital quality and structural racism
(Attanasio & Hardeman, 2019; Howell et al., 2016; Reid & Creanga, 2018); and individual
experiences of racism including clinician bias and medical mistrust (Armstrong et al., 2008;
Attanasio & Hardeman, 2019; Davis et al., 2012; Hoffman et al., 2016; Landrine & Klonoff,
2001; LaVeist et al., 2009; Oakley et al., 2018). As such, women of color may have less
access to care, or less access to quality care, resulting in worse pre-pregnancy health and
higher rates of SMM (Admon et al., 2017; Fingar et al., 2018; Howell et al., 2020; Reid &
Creanga, 2018; Wang et al., 2020).

Womens Health Issues. Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Oakley et al.

Methods

Page 3

We conducted this study among persons giving birth in a large integrated health care system
to reduce some of the potential health care system variability in contributors to SMM,

such as differences in type and quality of care, access to care, and insurance source. In

an integrated system, care is based on common clinical practice guidelines and policies

and is coordinated through an electronic health record (EHR) that helps to align care in
primary and specialty care settings to facilitate both consistency and continuity of care,
including comprehensive information about pregnancy and birth. This is different from a
fee-for-service system in which primary care, obstetrical care, and specialty care may be
performed by clinicians in different practices that do not share a common EHR; thus, patient
health records, including laboratory test results and medication lists, cannot be reviewed in
real time outside each discrete system. In addition, members of the integrated health care
system receive care from the same health care providers at the same facilities, regardless of
insurance payer and without pre-approvals. Although some differences among hospitals and
health care providers exist across this large system, the health care system aims to provide
the same quality of care to all members. In addition, because care is standardized throughout
the system, new treatment and practice recommendations can be quickly adopted. To date,
SMM rates and racial/ethnic disparities have not been examined in integrated health care
systems. Therefore, we examined rates of SMM over a 10-year period to assess trends and
racial/ethnic disparities among women giving birth in a large, integrated health care system
in Southern California.

Kaiser Permanente Southern California (KPSC) is a large, integrated health care system
providing comprehensive medical and preventive care to 4.4 million members (in 2017)
across eight counties. The study cohort included women with one or more births at =20
weeks’ gestation (live or stillborn) during January 1, 2008, to December 31, 2017, in any
of 12 KPSC-owned hospitals. Although we have used the term “women” throughout this
paper to identify individuals in our birth cohort, we recognize that this cohort is diverse
and may include individuals who do not identify as women. The unit of analysis is a birth
hospitalization, allowing for multiple birth hospitalizations to one woman throughout the
study period.

Clinical data were from maternal EHRs; 334,082 (99.6%) of these records were linked with
infant birth certificate(s) associated with the birth hospitalization. Maternal demographic
data included age at birth (calculated from date of birth and date of birth), race/ethnicity,
education, and country of birth from the infant birth certificate, and pre-pregnancy body
mass index (BMI) from measured height and weight in the EHR (Centers for Disease
Control and Prevention, 2020). The insurance payer (Medicaid or Medicare, employer,

or private payer) was included as a proxy for social disadvantage. In addition, we used
median neighborhood incomes for the census block of the maternal address at time of

birth hospitalization, divided into tertiles, as an indicator of SES. Maternal race/ethnicity
was obtained from infant birth certificates to increase the likelihood of self-reported racial/
ethnic identity (Klinger et al., 2015). Race/ethnicity categories included non-Hispanic
Black, non-Hispanic White, Asian/Pacific Islander, and Hispanic, and we combined the
multiple race, other race, and unknown race/ethnicity categories into one. Pregnancy factors
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included previous births, multiple-gestation birth, previous cesarean birth, gestational weight
gain (Moore Simas et al., 2013), preterm birth, and timeliness (prenatal care initiation

in the first trimester) and adequacy (number of prenatal visits relative to prenatal care
initiation) of prenatal care (Kotelchuck, 1994). Birth information included year, hospital,

and birth method. An SMM case was defined as the presence of one or more of the 21
Centers for Disease Control and Prevention (CDC)-defined SMM indicators classified by the
International Classification of Diseases (ICD), Ninth Revision (ICD-9) and 10th Revision
(ICD-10) diagnosis and procedure codes (Centers for Disease Control and Prevention,
2018b) and Current Procedural Terminology and Health care Common Procedure Coding
System codes during a birth hospitalization (Appendix A).

Rates of SMM per 10,000 births were calculated by year. Cumulative percentage change

in the rate of SMM was calculated from 2008 to 2015 (years using ICD-9 codes) and

from 2016 to 2017 (years using ICD-10 codes). Previous research has reported increased
rates of blood transfusion as a main driver of increased rates of SMM (Callaghan et al.,
2010;Centers for Disease Control and Prevention, 2018a; Fingar et al., 2018; Leonard,
Main, Scott, et al., 2019; Reid & Creanga, 2018). Identifying blood transfusions through
ICD codes alone, without any information about the number of blood products given, may
overestimate SMM based on blood transfusion (Main et al., 2016; Snowden et al., 2021).
Therefore, we examined SMM rates with and without the inclusion of the blood transfusion
indicator by race/ethnicity and identified pivot points in the slope of the trend line to identify
periods in which the trend of the SMM rate changed. We calculated average annual percent
change (AAPC) across the entire study period if no point was identified and on either side
of the point if a join point was identified. Trend analyses were conducted using JoinPoint
software (Statistical Methodology and Applications Branch, 2020).

We assessed the distribution of maternal demographics, pregnancy factors, and birth
information for all births in the cohort and stratified by SMM and calculated unadjusted risk
ratios (RRs) with 95% confidence intervals (Cls). Most SMM events were rare and some
women had multiple births during the study period. Therefore, we assessed the association
of race/ethnicity with SMM using unadjusted and adjusted modified Poisson regression
models allowing for repeated measures of multiple births during the study period by one
woman, or clustering at the patient level. We conducted post hoc pairwise comparisons of
all race/ethnicity categories to compare the aRR in each category with all others. In addition,
we conducted a sensitivity analysis after excluding women whose insurance was paid for by
Medicaid/Medicare to determine if the inclusion of these lower-income women affected the
results of the analysis.

To explore whether preexisting medical conditions accounted for racial/ethnic difference in
SMM risk, we conducted a sub-analysis including women with health plan membership

for at least 6 months before pregnancy to allow opportunities for medical encounters from
which preexisting conditions could be ascertained. Preexisting conditions were identified
from 6 months before pregnancy through 12 weeks’ gestation and categorized as 0, 1, or =2
conditions (Appendix B). Information from the EHR from 2007 were available for women
who gave birth in 2008.
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For all models, the missing indicator method (Groenwold et al., 2012) was used to avoid
listwise deletion of observations because of missing data on covariates. Modeling was
performed using SAS statistical software, version 9.4 (SAS Institute, Inc., Cary, North
Carolina). This study was reviewed and approved by KPSC Institutional Review Board
(IRB) and was determined by Centers for Disease Control and Prevention to not require IRB
approval.

This study included 335,310 births from 260,901 women. Among these births, mean
maternal age at birth was 29.9 years (SD = 5.8) and the racial/ethnic distribution was 50.7%
Hispanic, 25.0% non-Hispanic White, 7.8% non-Hispanic Black, 13.7% Asian/Pacific
Islander, and 2.8% multiple/other/unknown race/ethnicity (Table 1). At least one SMM
indicator was identified in 1.8% (5,915) of the births. Prevalence of any SMM among these
births increased from 94.7 per 10,000 in 2008 to 192.6 in 2015, a 103% increase over 8
years and to 210.7 and 249.5 in 2016 and 2017, respectively (Table 2).

A linear model without a pivot point was the best fit for the overall (all race/ethnicities
combined) SMM rate and for births among non-Hispanic White, Asian/Pacific Islander, and
Hispanic women (Figure 1A). For non-Hispanic Black women, a significant pivot point was
identified in 2010 after which the AAPC continued to increase, but less steeply. However,
non-Hispanic Black women’s overall rate remained higher than women of other racial/ethnic
groups. After excluding blood transfusion (Figure 1B), pivot points were identified for the
overall rate and for Hispanic women in 2015, both of which had steeper increases after the
2015 pivot point when the switch to ICD-10 codes occurred. No significant pivot point was
found for non-Hispanic Black women. In both models (total SMM and SMM excluding
blood transfusion), non-Hispanic Black women experienced the highest rate of SMM for
each year.

For all years combined, births to women who were non-Hispanic Black, Asian/Pacific
Islander, Hispanic, or multiple/other/unknown race each had higher SMM rates than births
to non-Hispanic White women (148 of 10,000 births). Non-Hispanic Black women (252

of 10,000 births) had a higher rate of SMM than all other racial/ethnic groups (Table

3). Likewise, unadjusted relative risks for women of color were all significantly greater,
compared with non-Hispanic White women, and the relative risk was highest for non-
Hispanic Black women (RR 1.69; 95% CI 1.54-1.86; Table 1). Because maternal country of
birth and timeliness of prenatal care initiation were not significant in bivariate analyses, and
preterm birth and birth method could be both a predictor and a consequence of an SMM,
these variables were not included in the final multivariable models. After adjustment, all
women of color had a significantly higher risk of having an SMM than non-Hispanic White
women; non-Hispanic Black women had a 52% greater risk of SMM (aRR 1.52; 95% ClI
1.37-1.69), compared with non-Hispanic White women. In addition, in post hoc pairwise
comparisons, non-Hispanic Black women had significantly higher risk for SMM compared
with all other women (data not shown). Results did not differ after excluding 17,116 births
by women who had Medicaid/Medicare-paid insurance (data not shown).
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In the multivariable model, women aged =35 years (aRR 1.32; 95% CI 1.24-1.40, compared
with those 25-34 years), and those with Medicaid insurance (aRR 1.26; 95% CI 1.13-1.39),
no previous births (aRR 1.83; 95% CI 1.71-1.95) or =2 previous births (aRR 1.22; 95%

Cl 1.14-1.32), multiple-gestation pregnancy (aRR 3.50; 95% CI 3.15-3.88), and history

of cesarean birth (aRR 1.86; 95% CI 1.72-2.00) were more likely to experience an SMM
(Table 1). Maternal pre-pregnancy overweight or obesity or excess gestational weight gain
were not associated with SMM.

The sub-analysis cohort (health plan membership for at least 6 months before pregnancy)
was older than the main cohort, with 24.0% of the cohort older than 35 years compared
with 16.1% in the main cohort, but did not significantly differ by SMM rate, race/ethnicity,
insurance type, median neighborhood income, or maternal education. Among births in the
sub-analysis cohort (7= 244,494), 12.4% had one and 1.8% had two or more preexisting
conditions. After adjusting for maternal demographics, pregnancy factors, birth information,
and preexisting conditions, non-Hispanic Black women still had a higher rate of SMM (266
of 10,000 births) than all other racial/ethnic groups (Table 3). There were no significant
changes in aRRs between the sub-analysis and main cohorts by race/ethnicity (data not
shown). Similar to the main cohort, in post hoc pairwise comparisons, non-Hispanic Black
women had significantly higher risk for SMM compared with all other women after
adjustment for preexisting conditions (data not shown).

Discussion

We found significant differences in rates of SMM at the birth hospitalization among women
of color, particularly between non-Hispanic Black women and non-Hispanic White women,
in this study of women who were insured and had their birth in a large integrated health care
system. Overall, we found increasing rates of SMM events across the study period, similar
to increases noted in other studies (Creanga et al., 2014; Fingar et al., 2018). Compared with
non-Hispanic White women, rates of SMM ranged from 18% higher for Hispanic women

to 52% higher for Black women. Increased rates of SMM for women of color reported in
this study are similar to rates found in other studies (Brown et al., 2021; Creanga et al.,
2014; Leonard, Main, Scott, et al., 2019). This study contributes to our understanding of
racial/ethnic disparities in SMM by demonstrating that these disparities are evident after
adjusting for preexisting and pregnancy-related health conditions, health system factors, and
self-reported maternal demographics. The findings suggest broad and multilevel influences
on maternal health, resulting in racial/ethnic disparities, may be at play.

The complex nature and history of race and racism in the United States affects women’s
health via multiple intersecting levels of society. Multilevel influences of individual,
interpersonal, organizational, community, and societal/political factors all play a role in
individual development and health behaviors and outcomes (Bronfenbrenner, 1986; Centers
for Disease Control and Prevention, 2022; Granade et al., 2022; Lin et al., 2022; Wilson

et al., 2021). At the individual level, a lifetime of exposure to racism, which is commonly
experienced by women of color (Ertel et al., 2012), in addition to the intersectionality of
discrimination and marginalization based on both race and gender (Rosenthal & Lobel,
2011), can lead to cumulative stress contributing to poor health (Lewis et al., 2019) and
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could play a role in racial/ethnic disparities in birth outcomes, including SMM (Lu &
Halfon, 2003).

Other individual-level factors (e.g., education, insurance, income, preexisting conditions,
obesity) have all been associated with an increased risk of SMM (Campbell et al., 2013;
Creanga et al., 2014; Fingar et al., 2018; Fisher et al., 2013; Lindquist et al., 2015; Martin et
al., 2017; Masters et al., 2018; Reid & Creanga, 2018; Wang et al., 2020). Unlike previous
studies (Campbell et al., 2013; Fisher et al., 2013; Hinkle et al., 2012; Masters et al., 2018),
we did not find a significant effect of pre-pregnancy obesity or gestational weight gain on
SMM risk. This study used measured height and weight from the EHR instead of relying
on diagnostic codes, which likely increased measurement accuracy for these covariates. By
using EHR data, we evaluated whether preexisting conditions were drivers of SMM and
racial/ethnic disparities, something that may not have been possible in studies that used
claims data from birth hospitalizations or data from birth certificates only.

Previous studies have attributed higher rates of SMM among women insured by Medicaid
(Fingar et al., 2018) to differences in health care quality for Medicaid-insured women
(Brown et al., 2021; Epstein et al., 2012; Gardner & Vishwasrao, 2010; Geissler et al.,
2016). However, in a recent study, Brown and colleagues reported that, among Black
women, there were no differences in SMM risk for those insured by Medicaid compared
with those with other forms of insurance, suggesting care funded by Medicaid was not the
most prominent risk factor (Brown et al., 2021) and that the Medicaid payer variable is,
instead, measuring the effects of structural racism, socioeconomic factors, and other barriers
to high-quality health care.

All women in this study were KPSC members, regardless of payer source, and were treated
at the same 12 hospitals, by the physicians from the same medical group. Clinicians do

not have access to payer source and are, therefore, less likely to bring Medicaid payer

bias into decision making. However, other aspects of stigma and discrimination based on
race, ethnicity, age, perceived SES, or having obesity, as examples, may still play a role in
patient care and SMM outcomes. We found that women whose births were paid by Medicaid
or Medicare had statistically higher SMM rates than those with other payer sources. As
suggested by previous research, payer source represents more than the inability to obtain
high-quality health care and may, in addition, be a proxy for social disadvantage and
represent other social determinants that contribute to psychological and physiological risk
factors of SMM (Brown et al., 2021; Howell et al., 2020).

A significant body of research demonstrates the complex and multifaceted factors that
contribute to racial/ethnic disparities in health and recognizes the influence of structural
racism and experiences of minority stress, perceived discrimination, and bias on medical
mistrust (Bogart et al., 2010; Landrine & Klonoff, 2001; Oakley et al., 2018), health
outcomes (Carter et al., 2017; Korous et al., 2017; Mouzon et al., 2017), and the
utilization of health care and clinical care experiences (Davis et al., 2012; LaVeist et

al., 2009; Lu & Halfon, 2003; Weech-Maldonado et al., 2012), specifically in maternal
health care (Attanasio & Hardeman, 2019). Negative, stigmatizing interactions with health
care providers (Mehra et al., 2020), as well as positive, affirming experiences (Benkert &
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Peters, 2005) have effects on women’s use of and satisfaction with health care, ultimately
influencing their health and health outcomes. It is possible that unmeasured aspects of
interpersonal relationships between women and their health care providers influenced their
utilization of prenatal care or their experiences during labor and birth, which resulted in
racial/ethnic disparities in SMM in this study.

In previous literature, structural influences and facility-level factors such as hospital quality,
differences in care between hospitals, and structural racism experienced in different medical
settings have contributed to adverse birth outcomes, including racial/ethnic disparities in
SMM (Attanasio & Hardeman, 2019; Howell et al., 2016; Reid & Creanga, 2018; Wang

et al., 2020; Zanardi et al., 2019). However, a strength of the present study is that all
women received care in the same integrated health care system and gave birth in hospitals
following the same policies and care management guidelines. This may have reduced some
of the differences in health care delivery that may have influence on SMM. In addition, we
controlled for hospital of birth in our adjusted analyses.

This study has several potential limitations. The study period covers the transition from
ICD-9 to ICD-10 diagnosis and procedure codes. Disruptions in observed rates of SMM
related to the coding transition or coding errors (Utter et al., 2019) might have affected our
trend analysis. In addition, the change point in 2015 was only significant for the overall
sample and Hispanic women, although the trend increased for all women. It is possible that
the other racial/ethnic groups were underpowered to identify a significant change in the
trend. Recent studies have called for validation of ICD-10 codes for SMM (Metcalfe et al.,
2021). Previous research has demonstrated additional SMM incidence and risk for women
with stillborn births (Chen et al., 2020; Wall-Wieler et al., 2019); however, we did not have
a sufficient number of fetal deaths to analyze them separately. In line with previous research
(Campbell et al., 2013; Creanga et al., 2014; Fingar et al., 2018; Howell et al., 2020;
Leonard, Main, Scott, et al., 2019; Wall-Wieler et al., 2019), we identified SMM during
birth hospitalizations. However, a recent analysis (Chen et al., 2020) found approximately
10% of births in the western region of the United States had SMM present after discharge.
Therefore, the true rate of SMM in our cohort may be higher when post-discharge events
are included. To take advantage of the breadth of data in the EHRs, we incorporated CPT
codes to supplement ICD codes, potentially reducing the comparability of our study to other
studies that could not include CPT codes.

Because of the small number of women reporting being Native American, multiple races,
or other race, or for whom we had no information to characterize their race or ethnicity, we
were unable to separately characterize these women’s SMM experiences in our study. Last,
our findings may not be generalizable to all women giving birth.

Strengths of this study include the linkage of infant birth certificates with robust clinical
information from EHRs, which allowed us to adjust for information often unavailable in
administrative, hospital discharge, or claims datasets. The depth of the EHR data allowed
for a more comprehensive and accurate capture of labor and birth information and outcomes
as well as important clinical and demographic covariates. The use of maternal race and
ethnicity from infant birth certificates rather than from administrative data increased the
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likelihood that they were self-reported and thus more likely to represent the mother’s
identity (Klinger et al., 2015). Availability of data from women giving birth over multiple
years among this diverse population enabled us to analyze trends over a 10-year period.

In addition, previous work has shown that KPSC membership demographics are generally
representative of the Southern California region (Koebnick et al., 2012).

Implications for Policy and/or Practice

Policymakers and all elements of the health care system must act to mitigate SMM

occurring during childbirth. Just as racial/ethnic disparities in SMM are driven by complex,
multilevel factors, so must be the practical and policy-based solutions. Multilevel approaches
addressing individual and structural racism and discrimination in the care of pregnant
persons as well as clinical practice recommendations and public policy are all needed to
address the multifaceted nature of SMM disparities; future work should be based on these
multilevel determinants of health (Ramey et al., 2015).

In part, SMM disparities might be attributable to a lifetime of interpersonal interactions
that women have had with clinicians and the health care system. Clinician communication
and bias (Hoffman et al., 2016; Wang et al., 2021), women’s medical mistrust (Armstrong
et al., 2008; Landrine & Klonoff, 2001; Oakley et al., 2018), and women’s reduced use

of health care services based on previous negative experiences (Attanasio & Hardeman,
2019; Davis et al., 2012; Hoffman et al., 2016; LaVeist et al., 2009; Weech-Maldonado

et al., 2012) could all affect health care utilization and quality and lead to poor birth
outcomes and SMM. Interventions, programs, and training are needed for clinicians and
other health care personnel to address known and unknown racial biases and understand
how they might contribute to care delivery and utilization. In 2019, legislation was signed
in California that mandated training (SB-464) (SB-464 California Dignity in Pregnancy and
Childbirth Act, 2019) and continuing education (AB-241) (AB-241 Implicit bias: continuing
education: requirements, 2019) on implicit bias for all physicians and health care personnel.
Additional mandatory training and continued education throughout health systems, public
health jurisdictions, and medical training could contribute to broader policy impacts on
stigma and bias in the health care setting. In addition, encouraging clinicians to talk with
their patients about life stressors such as employment, transportation, food insecurity, and
experiences with discrimination could help build trust and may help health systems connect
patients to public resources (American College of Obstetrics and Gynecologists and the
Society for Maternal-Fetal Medicine et al., 2016; Kozhimannil et al., 2016).

Health care systems should investigate drivers of SMM within their own system to identify
differences in hospital site, quality of care, and poor outcomes. In line with suggestions

of other researchers, health care systems can play a role in mediating the effects of

social discrimination and stigma. Interventions could include supportive programming for
expectant mothers through support groups, midwifery, and connection to community health
workers (Brown et al., 2021; Howell et al., 2016; Mehra et al., 2020). At a policy and society
level, much more work is needed in addressing structural challenges in communities of color
through community-level interventions and policies aimed at mitigating the sociopolitical
structures of racism and oppression in the United States. Research that delves further into
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social determinants of health and builds on findings from epidemiological and clinical
studies to deepen our understanding of the drivers of racial and ethnic disparities in SMM is
needed.

Conclusions

Despite progress in reducing SMM in California, we found rates of SMM increased during
the 10-year study period overall and by racial and ethnic group. Specifically, women of
minoritized racial and ethnic groups, particularly non-Hispanic Black women, were more
likely to experience an SMM event than non-Hispanic White women. In a large, integrated
health care system in which all members, despite payer source, receive care from the

same health care providers at the same facilities—and after taking into account maternal
demographic characteristics, pregnancy factors, and birth information, and preexisting health
conditions—racial and ethnic disparities in SMM remain. These findings suggest the drivers
for increased rates and disparate burden of SMM may go beyond individual risk factors to
those of the provider, hospital system, and society at large.
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Figure 1.

Trends in severe maternal morbidity (SMM) rate per 10,000 births overall and by race/
ethnicity for (A) all SMM indicators and (B) all indicators excluding blood transfusion,
Kaiser Permanente Southern California, 2008-2017. Note: *Star indicates significant
change point (joinpoint) in the trend line.
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