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Abstract

Objective—Severe maternal morbidity (SMM) is increasing and characterized by substantial 

racial and ethnic disparities. Analyzing trends and disparities across time by etiologic or organ 

system groups instead of an aggregated index may inform specific, actionable pathways to 

equitable care. We explored trends and racial and ethnic disparities in seven SMM categories 

at childbirth hospitalization.

Study Design—We analyzed California birth cohort data on all live and stillbirths ≥ 20 

weeks’ gestation from 1997 to 2017 (n = 10,580,096) using the Centers for Disease Control 

and Prevention’s SMM index. Cases were categorized into seven nonmutually exclusive indicator 
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categories (cardiac, renal, respiratory, hemorrhage, sepsis, other obstetric, and other medical 

SMM). We compared prevalence and trends in SMM indicator categories overall and by racial and 

ethnic group using logistic and linear regression.

Results—SMM occurred in 1.16% of births and nontransfusion SMM in 0.54%. Hemorrhage 

SMM occurred most frequently (27 per 10,000 births), followed by other obstetric (11), 

respiratory (7), and sepsis, cardiac, and renal SMM (5). Hemorrhage, renal, respiratory, and 

sepsis SMM increased over time for all racial and ethnic groups. The largest disparities were for 

Black individuals, including over 3-fold increased odds of other medical SMM. Renal and sepsis 

morbidity had the largest relative increases over time (717 and 544%). Sepsis and hemorrhage 

SMM had the largest absolute changes over time (17 per 10,000 increase). Disparities increased 

over time for respiratory SMM among Black, U.S.-born Hispanic, and non-U.S.-born Hispanic 

individuals and for sepsis SMM among Asian or Pacific Islander individuals. Disparities decreased 

over time for sepsis SMM among Black individuals yet remained substantial.

Conclusion—Our research further supports the critical need to address SMM and disparities 

as a significant public health priority in the United States and suggests that examining SMM 

subgroups may reveal helpful nuance for understanding trends, disparities, and potential needs for 

intervention.

Keywords

health equity; racial and ethnic disparities; severe maternal morbidity; maternal health; pregnancy 
complications; obstetric complications

Severe maternal morbidity (SMM) comprises serious complications during labor and 

childbirth that can have both short- and long-term effects on health. It includes conditions 

such as hemorrhage, eclampsia, cardiovascular events, and sepsis, which place birthing 

people at high risk of death.1 SMM rates are 50 to 100 higher than maternal mortality;2 

thus, it is an important metric for assessment of the health of birthing people, the quality 

of obstetric care, and an important proxy for maternal mortality whose rarity makes it less 

feasible to study.

SMM incidence in the United States has been increasing for several decades.3 Current 

national data (2019) reported SMM excluding transfusion-only cases in 79.7 per 10,000 

childbirth hospitalizations.4 Of further high concern are the substantial and persistent racial 

and ethnic disparities observed within these rates, with racially or ethnically minoritized 

individuals, particularly Black individuals, experiencing significantly higher maternal 

morbidity and mortality than White people.5–12

Prior research on SMM drivers has implicated the sociodemographic characteristics of 

the obstetric population,13,14 preexisting comorbidities,14–18 cesarean birth,18,19 and poor 

obstetrical care quality.20–23 However, increasing trends in SMM remain unexplained by 

changes in maternal age, prepregnancy obesity, and cesarean birth over time.18 Racial 

and ethnic disparities in SMM, which have remained relatively stable over time,9,23 are 

attenuated but not resolved in most studies after adjustment for sociodemographic and 

clinical characteristics.7,9,10,24,25
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SMM assessment using administrative data are strengthened by the development of a 

standard 21-item set of indicators based on International Classification of Diseases (ICD) 

diagnosis and procedure codes.26,27 Collapsing these indicators into groups representing 

etiology or affected organ system may help balance the need for understanding underlying 

causes of SMM for intervention targeting with the challenges inherent to studying rare 

outcomes, moving us closer toward the elucidation of multilevel pathways shaping racial 

and ethnic disparities in SMM, which is needed for concrete gains in maternal health equity. 

Thus, we sought to expand our understanding of population-level SMM patterns through 

exploring trends and racial and ethnic inequities in seven underlying SMM categories using 

the California birth cohort data and testing for differential trends in SMM category by racial 

and ethnic groups.

Methods

This passive prospective cohort study28 included all live births and stillbirths occurring 

in California at ≥20 weeks’ gestation from 1997 to 2017. Vital statistics records were 

linked to hospital discharge records from California Department of Health Care Access 

and Information, resulting in over 95% successful linkage for live births and 85% for 

stillbirths.29 We limited the analysis to successfully linked records and included only 

the first birth for multifetal gestations to avoid duplicates, leaving an analytic sample of 

10,580,096 births.

Our outcome of SMM during childbirth hospitalization was defined using the Severe 

Maternal Morbidity Index, a validated measure developed by the U.S. Centers for Disease 

Control and Prevention (CDC).30 Diagnosis and procedure codes specified in the ICD 

9th (ICD-9) and 10th (ICD-10) editions were used to identify SMM cases overall and 

categorize them based on expert feedback into seven nonmutually exclusive indicator 

categories generally representing etiologic or affected organ system category (cardiac, 

renal, respiratory, hemorrhage, sepsis, other obstetric, and other medical SMM; ►Table 

1, ►Supplementary Table S1, available in the online version). About half of SMM 

occurrences are solely based on blood transfusion codes without transfusion quantity to 

inform severity. We therefore examined nontransfusion SMM (SMM cases excluding cases 

for which transfusion was the only SMM indicator), which the CDC now commonly reports. 

Hemorrhage SMM excludes transfusion-only cases for this reason (►Table 1).

We used race and ethnicity as a proxy for exposure to racism and related social and 

structural factors, recognizing race as a social construct and the lack of granular data 

on social and structural determinants of health a limit of our study dataset.31 Race and 

Hispanic ethnicity data are based on self-reported information in the vital record and 

categorized by the state as Hispanic and non-Hispanic: White, Black, Asian, Pacific Islander, 

American Indian and Alaska Native, other, and unknown following federal standards.32,33 

Given the large Hispanic population and substantial proportion of first-generation Hispanic 

immigrants, we included the birthing parent’s birthplace (U.S.-born vs. non-U.S.-born) as a 

proxy for acculturation. Due to limited sample sizes, Asian and Pacific Islander categories 

were combined, and individuals self-reporting non-Hispanic American Indian and Alaska 
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Native (n = 46,535; 0.4%), other (n = 6,088; 0.1%), and unknown (n = 149,880; 1.4%) were 

excluded from race- and ethnicity-disaggregated analyses.

Analysis

We first computed annual prevalence in SMM, nontransfusion SMM, and each of the seven 

SMM indicator categories among the whole population and for each racial and ethnic group 

for 1997 to 2017. We then estimated the association of race and ethnicity with each SMM 

outcome using logistic regression. To determine annual rate change over time, we calculated 

crude rates and estimated linear trends using linear regression, visually displaying smoothed 

trend lines from crude prevalence data. Disparity analyses in SMM outcomes employed 

logistic regression modeling to test for annual differences and trends over time. We modeled 

disparity analyses using non-Hispanic White as the reference group, given this group has 

the lowest prevalence of SMM nationally and within California.8,9 Odds ratios (ORs) were 

considered appropriate approximations for relative risk as SMM is a rare outcome. To 

investigate differences in SMM trends by race and ethnicity, we estimated models including 

main effects for race and ethnicity and year and their interaction. As the intent of the current 

analysis was to describe patterns of SMM categories experienced at the population level by 

racial and ethnic groups, we included no adjustments to prevent masking of temporal effects 

and magnitude.

We further calculated the percent increase in SMM overall and by indicator categories 

in 1997 and 2017 using crude prevalence data. To accommodate the ICD-9 to ICD-10 

transition, we performed trends sensitivity analyses using data from 1997 to October 1, 2015 

(transition date) and compared these with our main 1997 to 2017 results.

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC), 

and differences where p < 0.05 were considered statistically significant. The State of 

California Committee for the Protection of Human Subjects and the Stanford University 

Research Compliance Office approved this project.

Language

People across the gender spectrum have capacity for pregnancy,34,35 yet gender identity is 

unavailable within this administrative dataset. We limit gendered language to “maternal” in 

reference to SMM by convention where it is intended to inclusively refer to all pregnant or 

birthing individuals.

Results

Severe Maternal Morbidity Prevalence and Disparity from 1997 to 2017: Overall and by 
Severe Maternal Morbidity Indicator Category

SMM and nontransfusion SMM occurred in 116.1 and 53.7 per 10,000 births, respectively 

(►Table 2). Across indicator categories, rates were highest for hemorrhage SMM (27.2 

per 10,000 births), followed by other obstetric (11.2), respiratory (7.0), sepsis (5.2), 

cardiac (5.1), and renal SMM (4.5), and other medical SMM (3.0). All racial and ethnic 

groups experienced elevated odds of SMM compared with non-Hispanic White individuals, 
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ranging from 19% elevated odds for non-U.S.-born Hispanic individuals (OR = 1.19, 95% 

confidence interval [CI] = 1.17–1.21) to a nearly 2-fold increased odds among Black 

individuals (OR = 1.97, 95% CI = 1.93–2.02). Disparities in nontransfusion SMM were 

slightly attenuated among most racial and ethnic groups and similar for Black individuals.

Racial and ethnic disparities were evident for most groups compared with non-Hispanic 

White individuals across many but not all categories, with the most pronounced disparities 

for Black individuals (►Table 2). Elevated SMM odds ranged from 8% for respiratory SMM 

(OR = 1.08, 95% CI = 1.01–1.16) to 55% for sepsis SMM (OR = 1.55, 95% CI = 1.43–1.67) 

for U.S.-born Hispanic individuals, 18% for other obstetric SMM (OR = 1.18, 95% CI = 

1.13–1.25) to 23% for sepsis SMM (OR = 1.23, 95% CI = 1.14–1.34) for non-U.S.-born 

Hispanic individuals, 60% for hemorrhage SMM (OR = 1.60, 95% CI = 1.53–1.68) to over 

3-fold for other medical SMM (OR = 3.48, 95% CI = 3.13–3.86) for Black individuals, and 

25% for cardiac SMM (OR = 1.25, 95% CI = 1.14–1.37) to 2-fold for sepsis SMM (OR = 

2.02, 95% CI = 1.85–2.20) for Asian or Pacific Islander individuals.

Severe Maternal Morbidity Trends Over Time: Overall and by Severe Maternal Morbidity 
Indicator Category

SMM prevalence increased 170%, from 67.2 per 10,000 births in 1997 to 182 in 2017 

(►Table 3). Much of this rise was driven by blood transfusions (280% increase from 31.8 

per 10,000 births to 120.7); yet nontransfusion SMM increased 89.4% from 42.5 per 10,000 

births in 1997 to 80.5 in 2017. Renal SMM had the largest relative increase (717%) from 

1.6 per 10,000 births in 1997 to 13.0 in 2017, whereas sepsis and hemorrhage SMM had the 

largest absolute increase of 17 per 10,000 births.

All SMM categories increased in prevalence over time for all race and ethnicity groups 

except cardiac and other medical SMM, which did not increase or decrease (►Fig. 1A–C, 

Group A). Nontransfusion SMM meaningfully increased after 2008 to 2009: from 42.5 to 

47.8 per 10,000 births during 1997 to 2008 and from 56.0 to 80.5 per 10,000 births during 

2009 to 2017. Renal and sepsis SMM increased substantially after 2008 to 2009 and 2011 to 

2012, respectively.

Severe Maternal Morbidity Disparity and Trends Over Time: Overall and by Severe Maternal 
Morbidity Indicator Category

Minimal variation over time was observed in relative racial and ethnic differences for 

SMM overall and nontransfusion SMM; however, changes in disparity level compared 

with non-Hispanic White individuals were notable within certain SMM indicator categories 

(►Fig. 1, Group B). Respiratory SMM disparity increased over time for Black individuals 

from OR of 1.92 (95% CI = 1.62–2.28) in 1997 to 2.67 (95% CI = 2.30–3.10) in 2017. 

U.S.-born and non-U.S.-born Hispanic individuals initially had 15 and 14% lower odds of 

respiratory SMM (OR = 0.85 [95% CI = 0.72–0.99] and OR = 0.86 [95% CI = 0.75–0.98], 

respectively); however, this reversed by 2017 to increased odds of 19% among U.S.-born 

Hispanic individuals (OR = 1.19, 95% CI = 1.06–1.35) and 29% among non-U.S.-born 

Hispanic individuals (OR = 1.29, 95% CI = 1.14–1.46). Elevated sepsis SMM decreased 

among Black individuals from OR of 3.27 (95% CI = 2.52–4.25) in 1997 to OR of 2.09 
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(95% CI = 1.77–2.46) in 2017 but increased among Asian or Pacific Islander individuals 

from OR of 1.34 (95% CI = 1.04–1.73) in 1997 to OR of 2.01 (95% CI = 1.77–2.29) in 

2017.

Sensitivity Analyses

Our sensitivity analysis using data from 1997 to 2015 found that the transition from ICD-9 

to ICD-10 years (2016–2017) had minimal impact on estimated trend (►Supplementary 

Table S2, available in the online version).

Discussion

This study revealed variation in trends and disparities by disaggregated SMM indicator 

category across the period 1997 to 2017, which presents a view of SMM that may be more 

actionable than the overall SMM index more commonly presented. Disparities in SMM were 

largest for Black individuals across all SMM indicator categories, with elevated odds for 

nearly all indicator categories 2-fold or higher and reaching a high of three-and-a-half-fold 

elevated odds for other medical SMM. Disparities among other racial and ethnic categories 

were comparatively lower. Compared with non-Hispanic White individuals, SMM rates were 

highest for sepsis and other obstetric SMM among U.S.-born Hispanic individuals; sepsis 

and hemorrhage SMM for non-U.S.-born Hispanic individuals; and sepsis, respiratory, 

and renal SMM for Asian/Pacific Islander individuals. Disparities increased over time for 

respiratory SMM among Black, U.S.-born Hispanic, and non-U.S.-born Hispanic individuals 

and for sepsis SMM among Asian or Pacific Islander individuals compared with White 

individuals. Disparities decreased over time for sepsis SMM among Black individuals yet 

remained substantial.

Increasing SMM is of significant concern due to the high immediate and persisting physical, 

psychological, and economic costs these conditions place on individuals, families, and 

health systems. Furthermore, 25% of individuals who develop SMM also give birth preterm, 

which can significantly compound family stress.36 Broader financial costs of SMM born by 

families, insurance, health facilities, and taxpayers include a 3-fold higher cost of childbirth-

related care when compared with less complicated births,37–40 far outweighing the cost of 

preventing such complications.

The increasing trends observed for hemorrhage, renal, respiratory, and sepsis SMM suggest 

key drivers of overall and nontransfusion SMM trends and priority focal points for research 

and intervention, both for California9,18 and nationally.4,41,42 Studies focused on major 

obstetric complications have identified differing time trends19,43 and variation in SMM 

disparity by complication type,8 suggesting the need to understand SMM overall and its 

underlying conditions to identify changing clinical contributors. For example, National 

Inpatient Sample 2012 to 2019data demonstrated statistically significant increases in acute 

renal failure, sepsis, shock, adult respiratory distress syndrome, hysterectomy, embolism, 

and multiple cardiac complications during childbirth.4 However, disparities were not 

assessed. Our data are comparable with prevalent national nontransfusion SMM indicators 

and generally consistent with_national pregnancy-related mortality etiologies, with some 

exceptions.4,44 We observed no increase in cardiac SMM despite the increasing contribution 
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of cardiovascular conditions to pregnancy-related deaths, now responsible for more than 

one-third of U.S. cases. This is consistent with time discrepancies between most SMM 

measurement (including ours) and cardiac deaths, which frequently occur more than 2 

months’ postpartum.45,46

Consistent with other literature assessing SMM disparities, we observed elevated SMM 

among all racially and ethnically minoritized groups when compared with non-Hispanic 

White individuals, with the highest rates among non-Hispanic Black individuals. This 

study extends the evidence on SMM trends and disparities, including research by Leonard 

et al that confirmed significantly increasing SMM prevalence for all racial and ethnic 

categories from 1997 to 2014 in California,9 by demonstrating differential SMM indicator 

categories by racial and ethnic group. Comparative literature is sparse; however, nationally 

representative (2012–2015) and multistate (2008–2010) analyses identified substantially 

elevated SMM across most indicators for non-Hispanic Black versus non-Hispanic White 

individuals, with some heterogeneity in rate differences.8,10

Identifying salient intervention points for reversing increasing SMM prevalence and 

persistent disparities is critically important for maternal health and well-being, and our 

findings contribute to the literature supporting the imperative of looking beyond individual 

characteristics of individuals as explanatory factors for increasing SMM trends and 

disparities, including close attention to health care accessibility and quality of obstetric 

services,20,21,47 and structural influences on maternal health.41,48

The evidence base on risk factors for disaggregated SMM indicators is largely limited to 

individual biological factors, which suggest important clinical interventions for optimizing 

obstetric care quality of, but which may be inadequate for disparity resolution as evidenced 

by persisting disparities after risk adjustment using expanded obstetric comorbidity scores.49 

For example, some increased SMM among non-Hispanic Black versus White individuals 

may be attributable to antenatal anemia, which has been linked to multiple SMM 

indicators.50–53 Similarly, increasing disparities noted for respiratory SMM over time among 

Black, U.S.-born Hispanic, and non-U.S.-born Hispanic individuals may be partially due 

to preexisting chronic hypertension increasing risk of severe preeclampsia and pulmonary 

edema.54–56 This combination of findings and their precursors supports the important 

and complex role of other factors such as structural racism and economic inequalities in 

structuring risk of SMM through multiple and intersecting pathways.41

Substantial prior research delineates the lower maternal health care quality received 

by racially and ethnically minorized individuals,57–59 and targeted quality improvement 

initiatives have decreased racial and ethnic disparities in SMM.60,61 Advocacy groups have 

called for comprehensive and sustained efforts to improve obstetrical care quality and 

patient centeredness, reorienting care models to address both clinical and social needs and 

respecting patient autonomy and informed decision-making.35,62 They call for coordinated 

and comprehensive approaches incorporating multilevel strategies across policy, institution, 

and community, with broad foci including ensuring equitable and stable access to health 

insurance and evidence-based community-centered respectful and culturally appropriate 
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care, and strong social safety nets for pregnant individuals and families.48 Efforts at all 

levels must employ antiracist and health equity-oriented approaches.63,64

Evaluating SMM using intermediate etiologic or affected organ system grouping revealed 

important nuance while mitigating sample size limitations. Our findings demonstrating 

changes in disparity over time by SMM indicator categories, particularly where reductions 

are observed, are an important point from which further elucidation of pathways and 

intervention points may be possible. For example, analyses could explore potential 

causal pathways incorporating physiological and clinical care factors and social/structural 

determinants of health to identify precision intervention targets for prevention of specific 

SMM indicator categories. Future research also must focus on understanding the potential 

for multilevel approaches across the social to clinical continuum to reduce disparities in 

obstetric outcomes through the implementation and evaluation of policy change, social 

interventions, and quality improvement initiatives.48

Our large administrative dataset incorporated most California births from 1997 to 2017, 

allowing for generalizable results and robust exploration of prevalence and disparities of 

a rare event over time. Data limitations include potential misclassification due to reliance 

on billing codes for diagnosis and procedures defining SMM that may have caused under-

reporting and potential changes in the quality of SMM documentation over time, which may 

have contributed to observed rates. Administrative data in general limits precise evaluation 

of behavioral risk factors, care processes, and structural factors such as housing, insurance, 

and care access. The current analysis sought to describe but not explain SMM prevalence, 

prevalence trends, racial and ethnic disparities, and racial and ethnic disparity trend; thus, 

we excluded other covariates. This allowed us to characterize the experience of SMM 

by type among the racial and ethnic groups included; however, identifying the causes 

of these findings must be done subsequently. Second, our classification of maternal race 

and ethnicity as proxy for exposure to racism is limited by the broad federal standards 

operationalized in linked birth certificate data, which combine heterogenous population 

groups (e.g., broad race groups and prioritization of Hispanic ethnicity) and small sample 

sizes for certain groups, which necessitated collapsing (e.g., Asian and Pacific Islander) or 

exclusion (i.e., American Indian and Alaska Native, other, and unknown) yet is self-reported 

and validated.65 This is a limited operationalization of the multilevel social exposures 

that race and ethnicity represent, which obscures between-group variation and intersection 

of multiple minoritized identities, preventing further critical exploration of the varied 

mechanisms through which racism impacts maternal health.

We employed a validated SMM index developed by the CDC for population-level SMM 

assessment.30 Our study dates span the ICD-9 to ICD-10 transition, which has not 

influenced overall SMM incidence in national or California data, but which did influence 

certain SMM indicators nationally.4 Our study limited our assessment of SMM during the 

childbirth hospitalization; this time period is when most but not all SMM occurs, and 

a similar analysis of SMM occurring in the postpartum period would provide a more 

comprehensive picture. Finally, while 1 in 8 births nationally occur in California, these 

findings may not be generalizable to other states.
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Our research further supports the critical need to better understand underlying causes of 

SMM, changes in SMM over time, and SMM disparities as a significant public health 

priority in the United States and suggests that grouping SMM by affected organ system may 

improve the utility of population-level SMM surveillance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We appreciate members of the Carmichael Laboratory and the collaborative Severe Maternal Morbidity research 
team across Stanford University, University of California San Francisco, University of California Berkeley, New 
York University, and Oregon Health & Science University for their review and discussion of findings and their 
implications.

Funding

This study was funded by the National Institute of Nursing Research Grant R01NR017020 (PI: S.L.C.). The funders 
had no role in study design; collection, analysis, and interpretation of data; writing the report; and in the decision to 
submit the article for publication.

References

1. Kilpatrick SK, Ecker JLAmerican College of Obstetricians and Gynecologists and the Society for 
Maternal–Fetal Medicine. Severe maternal morbidity: screening and review. Am J Obstet Gynecol 
2016;215(03):B17–B22 [PubMed: 27560600] 

2. Geller SE, Koch AR, Garland CE, MacDonald EJ, Storey F, Lawton B. A global view of 
severe maternal morbidity: moving beyond maternal mortality. Reprod Health 2018;15(suppl 1):98 
[PubMed: 29945657] 

3. Centers for Disease Control and Prevention. Severe maternal morbidity in the United 
States. Accessed March 10, 2019 at: https://www.cdc.gov/reproductivehealth/maternalinfanthealth/
severematernalmorbidity.html

4. Hirai AH, Owens PL, Reid LD, Vladutiu CJ, Main EK. Trends in severe maternal morbidity 
in the us across the transition to ICD-10-CM/PCS from 2012–2019. JAMA Netw Open 
2022;5(07):e2222966–e2222966

5. Creanga AA, Berg CJ, Syverson C, Seed K, Bruce FC, Callaghan WM. Race, ethnicity, and nativity 
differentials in pregnancy-related mortality in the United States: 1993–2006. Obstet Gynecol 2012; 
120(2 Pt 1):261–268

6. ACOG Committee Opinion No. ACOG Committee Opinion No. 649:racial and ethnic disparities in 
obstetrics and gynecology. Obstet Gynecol 2015;126(06):e130–e134 [PubMed: 26595584] 

7. Holdt Somer SJ, Sinkey RG, Bryant AS. Epidemiology of racial/ethnic disparities in severe maternal 
morbidity and mortality. Semin Perinatol 2017;41(05):258–265 [PubMed: 28888263] 

8. Admon LK, Winkelman TNA, Zivin K, Terplan M, Mhyre JM, Dalton VK. Racial and ethnic 
disparities in the incidence of severe maternal morbidity in the United States, 2012–2015. Obstet 
Gynecol 2018;132(05):1158–1166 [PubMed: 30303912] 

9. Leonard SA, Main EK, Scott KA, Profit J, Carmichael SL. Racial and ethnic disparities in severe 
maternal morbidity prevalence and trends. Ann Epidemiol 2019;33:30–36 [PubMed: 30928320] 

10. Creanga AA, Bateman BT, Kuklina EV, Callaghan WM. Racial and ethnic disparities in severe 
maternal morbidity: a multistate analysis, 2008–2010. Am J Obstet Gynecol 2014;210(05):435. 
e1–435.e8

11. Eichelberger KY, Doll K, Ekpo GE, Zerden ML. Black lives matter: claiming a space for 
evidence-based outrage in obstetrics and gynecology. Am J Public Health 2016;106(10):1771–
1772 [PubMed: 27626348] 

El Ayadi et al. Page 9

Am J Perinatol. Author manuscript; available in PMC 2024 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html


12. Jain JA, Temming LA, D’Alton ME, et al. SMFM special report: putting the “M” back in MFM: 
reducing racial and ethnic disparities in maternal morbidity and mortality: a call to action. Am J 
Obstet Gynecol 2018;218(02):B9–B17

13. Martin JA, Hamilton BE, Osterman MJ, Driscoll AK, Mathews TJ. Births: final data for 2015. Natl 
Vital Stat Rep 2017;66(01):1

14. Carr RC, McKinney DN, Cherry AL, Defranco EA. Maternal age-specific drivers of severe 
maternal morbidity. Am J Obstet Gynecol MFM 2022;4(02):100529

15. Caughey AB. Prepregnancy obesity and severe maternal morbidity: What can be done? JAMA 
2017;318(18):1765–1766 [PubMed: 29136429] 

16. Metcalfe A, Wick J, Ronksley P. Racial disparities in comorbidity and severe maternal morbidity/
mortality in the United States: an analysis of temporal trends. Acta Obstet Gynecol Scand 2018;97 
(01):89–96 [PubMed: 29030982] 

17. Mhyre JM, Bateman BT, Leffert LR. Influence of patient comorbidities on the risk of near-miss 
maternal morbidity or mortality. Anesthesiology 2011;115(05):963–972 [PubMed: 21934482] 

18. Leonard SA, Main EK, Carmichael SL. The contribution of maternal characteristics and 
cesarean delivery to an increasing trend of severe maternal morbidity. BMC Pregnancy Childbirth 
2019;19(01):16 [PubMed: 30626349] 

19. Kuklina EV, Meikle SF, Jamieson DJ, et al. Severe obstetric morbidity in the United States: 1998–
2005. Obstet Gynecol 2009;113 (2 Pt 1):293–299 [PubMed: 19155897] 

20. Howell EA, Egorova N, Balbierz A, Zeitlin J, Hebert PL. Black-white differences in severe 
maternal morbidity and site of care. Am J Obstet Gynecol 2016;214(01):122.e1–122.e7

21. Howell EA, Egorova NN, Balbierz A, Zeitlin J, Hebert PL. Site of delivery contribution to 
black-white severe maternal morbidity disparity. Am J Obstet Gynecol 2016;215(02):143–152 
[PubMed: 27179441] 

22. Howell EA, Zeitlin J. Improving hospital quality to reduce disparities in severe maternal morbidity 
and mortality. Semin Perinatol 2017;41(05):266–272 [PubMed: 28735811] 

23. Fingar KR, Hambrick MM, Heslin KC, Moore JC. Trends and disparities in delivery 
hospitalizations involving severe maternal morbidity,. 2006–2015. HCUP Statistical Brief 
#243. 2018. Accessed April 01, 2023 at www.hcup-us.ahrq.gov/reports/statbriefs/sb243-Severe-
Maternal-Morbidity-Delivery-Trends-Disparities.pdf

24. Gray KE, Wallace ER, Nelson KR, Reed SD, Schiff MA. Population-based study of risk factors for 
severe maternal morbidity. Paediatr Perinat Epidemiol 2012;26(06):506–514 [PubMed: 23061686] 

25. Lindquist A, Noor N, Sullivan E, Knight M. The impact of socioeconomic position on severe 
maternal morbidity outcomes among women in Australia: a national case-control study. BJOG 
2015; 122(12):1601–1609 [PubMed: 25227712] 

26. Main EK, Abreo A, McNulty J, et al. Measuring severe maternal morbidity: validation of potential 
measures. Am J Obstet Gynecol 2016;214(05):643.e1–643.e10

27. Division of Reproductive Health, National Center for Chronic Disease Prevention and 
Health Promotion, Centers for Disease Control and Prevention. Severe maternal morbidity 
indicators and corresponding ICD codes during delivery hospitalizations. Centers for Disease 
Control and Prevention. Accessed May 5, 2018 at: https://www.cdc.gov/reproductivehealth/
maternalinfanthealth/smm/severe-morbidity-ICD.htm

28. Snowden JM, Klebanoff MA. Accurate identification of cohort study designs in perinatal research: 
a practical guide. Am J Obstet Gynecol 2022;227(02):231–235.e1

29. Danielsen BH, Carmichael SL, Gould JB, Lee HC. Linked birth cohort files for perinatal health 
research: California as a model for methodology and implementation. Ann Epidemiol 2023; 
79:10–18 [PubMed: 36603709] 

30. Centers for Disease Control and Prevention. Severe maternal morbidity indicators and 
corresponding ICD-9-CM/ICD-10-CM/PCS codes during delivery hospitalizations. 2019. 
Accessed February 1, 2018 at: https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/
severe-morbidity-ICD.htm

31. Williams DR, Sternthal M. Understanding racial-ethnic disparities in health: sociological 
contributions. J Health Soc Behav 2010;51 (suppl, suppl):S15–S27 [PubMed: 20943580] 

El Ayadi et al. Page 10

Am J Perinatol. Author manuscript; available in PMC 2024 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb243-Severe-Maternal-Morbidity-Delivery-Trends-Disparities.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb243-Severe-Maternal-Morbidity-Delivery-Trends-Disparities.pdf
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-morbidity-ICD.htm
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-morbidity-ICD.htm
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-morbidity-ICD.htm
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-morbidity-ICD.htm


32. Office of Management and Budget. Revisions to the standards for the classification of federal data 
on race and ethnicity. Fed Regist October 30, 1997;62(210)

33. Associated Press. Why we will lowercase white. Accessed July 20, 2020 at: https://blog.ap.org/
announcements/why-we-will-lower-case-
white#:~:text=AP%20style%20will%20continue%20to,capitalize%20Black%20in%20such%20us
es

34. Moseson H, Zazanis N, Goldberg E, et al. The imperative for transgender and gender 
nonbinary inclusion: beyond women’s health. Obstet Gynecol 2020;135(05):1059–1068 [PubMed: 
32282602] 

35. Alliance BWSatRWGotBMM. Black maternal health research re-envisionsed: best practices for the 
conduct of research with, for, and by Black Mamas. Harv Law Policy Rev 2020;14:393–415

36. Lyndon A, Baer RJ, Gay CL, El Ayadi AM, Lee HC, Jelliffe-Pawlowski L. A population-based 
study to identify the prevalence and correlates of the dual burden of severe maternal morbidity 
and preterm birth in California. J Matern Fetal Neonatal Med 2021;34 (08):1198–1206 [PubMed: 
31170837] 

37. Vesco KK, Ferrante S, Chen Y, Rhodes T, Black CM, Allen-Ramey F. Costs of severe 
maternal morbidity during pregnancy in us commercially insured and Medicaid populations: an 
observational study. Matern Child Health J 2020;24(01):30–38 [PubMed: 31655962] 

38. Black CM, Vesco KK, Mehta V, Ohman-Strickland P, Demissie K, Schneider D. Costs of severe 
maternal morbidity in U.S. commercially insured and Medicaid populations: an updated analysis. 
Womens Health Rep (New Rochelle) 2021;2(01):443–451 [PubMed: 34671765] 

39. O’Neil S, Platt I, Vohra D, et al. The high costs of maternal morbidity 
show why we need greater investment in maternal health. 2021. Accessed 
at: https://www.commonwealthfund.org/publications/issue-briefs/2021/nov/high-costs-maternal-
morbidity-need-investment-maternal-health

40. Moran PS, Wuytack F, Turner M, et al. Economic burden of maternal morbidity - a systematic 
review of cost-of-illness studies. PLoS One 2020;15(01):e0227377

41. Hailu EM, Carmichael SL, Berkowitz RL, et al. Racial/ethnic disparities in severe maternal 
morbidity: an intersectional lifecourse approach. Ann N Y Acad Sci 2022;1518(01):239–248 
[PubMed: 36166238] 

42. Luke AA, Huang K, Lindley KJ, Carter EB, Joynt Maddox KE. Severe maternal morbidity, race, 
and rurality: trends using the national inpatient sample, 2012–2017. J Womens Health (Larchmt) 
2021; 30(06):837–847 [PubMed: 33216678] 

43. Callaghan WM, Creanga AA, Kuklina EV. Severe maternal morbidity among delivery and 
postpartum hospitalizations in the United States. Obstet Gynecol 2012;120(05):1029–1036 
[PubMed: 23090519] 

44. Hoyert DL, Miniño AM. Maternal mortality in the United States: changes in coding, publication, 
and data release, 2018. Natl Vital Stat Rep 2020;69(02):1–18

45. Collier AY, Molina RL. Maternal mortality in the United States: updates on trends, causes, and 
solutions. Neoreviews 2019;20 (10):e561–e574 [PubMed: 31575778] 

46. Grodzinsky A, Schmidt L. Cardiovascular contribution to maternal mortality. Cardiol Clin 
2021;39(01):1–5 [PubMed: 33222806] 

47. Howell EA. Reducing disparities in severe maternal morbidity and mortality. Clin Obstet Gynecol 
2018;61(02):387–399 [PubMed: 29346121] 

48. Crear-Perry J, Correa-de-Araujo R, Lewis Johnson T, McLemore MR, Neilson E, Wallace M. 
Social and structural determinants of health inequities in maternal health. J Womens Health 
(Larchmt) 2021;30(02):230–235 [PubMed: 33181043] 

49. Leonard SA, Kennedy CJ, Carmichael SL, Lyell DJ, Main EK. An expanded obstetric comorbidity 
scoring system for predicting severe maternal morbidity. Obstet Gynecol 2020;136(03):440–449 
[PubMed: 32769656] 

50. Kanu FA, Hamner HC, Scanlon KS, Sharma AJ. Anemia among pregnant women participating 
in the special supplemental nutrition program for women, infants, and children - United States, 
2008–2018. MMWR Morb Mortal Wkly Rep 2022;71(25):813–819 [PubMed: 35737575] 

El Ayadi et al. Page 11

Am J Perinatol. Author manuscript; available in PMC 2024 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://blog.ap.org/announcements/why-we-will-lower-case-white#:~:text=AP%20style%20will%20continue%20to,capitalize%20Black%20in%20such%20uses
https://blog.ap.org/announcements/why-we-will-lower-case-white#:~:text=AP%20style%20will%20continue%20to,capitalize%20Black%20in%20such%20uses
https://blog.ap.org/announcements/why-we-will-lower-case-white#:~:text=AP%20style%20will%20continue%20to,capitalize%20Black%20in%20such%20uses
https://blog.ap.org/announcements/why-we-will-lower-case-white#:~:text=AP%20style%20will%20continue%20to,capitalize%20Black%20in%20such%20uses
https://www.commonwealthfund.org/publications/issue-briefs/2021/nov/high-costs-maternal-morbidity-need-investment-maternal-health
https://www.commonwealthfund.org/publications/issue-briefs/2021/nov/high-costs-maternal-morbidity-need-investment-maternal-health


51. Harrison RK, Lauhon SR, Colvin ZA, McIntosh JJ. Maternal anemia and severe maternal 
morbidity in a US cohort. Am J Obstet Gynecol MFM 2021;3(05):100395

52. Omotayo MO, Abioye AI, Kuyebi M, Eke AC. Prenatal anemia and postpartum hemorrhage risk: 
a systematic review and meta-analysis. J Obstet Gynaecol Res 2021;47(08):2565–2576 [PubMed: 
34002432] 

53. Mei Z, CogswellME, LookerAC, et al. Assessment of iron status in US pregnant women from 
the National Health and Nutrition Examination Survey (NHANES), 1999–2006. Am J Clin Nutr 
2011;93(06):1312–1320 [PubMed: 21430118] 

54. Al Khalaf SY, O’Reilly ÉJ, Barrett PM, et al. Impact of chronic hypertension and antihypertensive 
treatment on adverse perinatal outcomes: systematic review and meta-analysis. J Am Heart Assoc 
2021;10(09):e018494

55. Seely EW, Ecker J. Chronic hypertension in pregnancy. Circulation 2014;129(11):1254–1261 
[PubMed: 24637432] 

56. Lueth AJ, Allshouse AA, Blue NM, et al. ; National Institutes of Health (NIH), Eunice Kennedy 
Shriver National Institute of Child Health and Human Development (NICHD), Nulliparous 
Pregnancy Outcomes Study: Monitoring Mothers-to-Be (nuMoM2b), and National Heart, Lung, 
and Blood Institute (NHLBI) nuMoM2b Heart Health Study (nuMoM2b-HHS) Allostatic load and 
adverse pregnancy outcomes. Obstet Gynecol 2022;140(06):974–982 [PubMed: 36357956] 

57. Davis D-A. Obstetric racism: the racial politics of pregnancy, labor, and birthing. Med Anthropol 
2019;38(07):560–573 [PubMed: 30521376] 

58. Sutton MY, Anachebe NF, Lee R, Skanes H. Racial and ethnic disparities in reproductive health 
services and outcomes, 2020. Obstet Gynecol 2021;137(02):225–233 [PubMed: 33416284] 

59. Alhusen JL, Bower KM, Epstein E, Sharps P. Racial discrimination and adverse birth outcomes: an 
integrative review. J Midwifery Womens Health 2016;61(06):707–720 [PubMed: 27737504] 

60. Main EK, Chang SC, Dhurjati R, Cape V, Profit J, Gould JB. Reduction in racial disparities in 
severe maternal morbidity from hemorrhage in a large-scale quality improvement collaborative. 
Am J Obstet Gynecol 2020;223(01):123.e1–123.e14

61. Davidson C, Denning S, Thorp K, et al. Examining the effect of quality improvement initiatives on 
decreasing racial disparities in maternal morbidity. BMJ Qual Saf 2022;31(09):670–678

62. Black Mamas Matter Alliance, Policy Working Group. Advancing holistic maternal care for Black 
women through policy. Atlanta, GA. December 2018.

63. Matthews K, Morgan I, Davis K, Estriplet T, Perez S, Crear-Perry JA. Pathways to equitable 
and antiracist maternal mental health care: insights from black women stakeholders. Health Aff 
(Millwood) 2021;40(10):1597–1604 [PubMed: 34606342] 

64. Howell EA, Brown H, Brumley J, et al. Reduction of peripartum racial and ethnic disparities: 
a conceptual framework and maternal safety consensus bundle. J Obstet Gynecol Neonatal Nurs 
2018;47(03):275–289

65. Baumeister L, Marchi K, Pearl M, Williams R, Braveman P. The validity of information on “race” 
and “Hispanic ethnicity” in California birth certificate data. Health Serv Res 2000;35(04):869–883 
[PubMed: 11055453] 

El Ayadi et al. Page 12

Am J Perinatol. Author manuscript; available in PMC 2024 June 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• By SMM subgroup, trends and racial and ethnic disparities varied yet Black 

individuals consistently had highest rates.

• Hemorrhage, renal, respiratory, and sepsis SMM significantly increased over 

time.

• Disparities increased for respiratory SMM among Black, U.S.-born Hispanic 

and non-U.S.-born Hispanic individuals and for sepsis SMM among Asian or 

Pacific Islander individuals.
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Fig. 1. 
(A) Trend in severe maternal morbidity (SMM) prevalence: smooth curve from Loess 

regression overlaid on a scatter plot. Trend in prevalence was statistically significant for all 

racial and ethnic categories for overall SMM, non-transfusion SMM, renal SMM, respiratory 

SMM, hemorrhage SMM, sepsis SMM and other obstetric SMM. Trend in prevalence was 

statistically significant for all population and foreign-born Hispanic individuals for other 

medical SMM. (B) Racial and ethnic disparities: Odds ratio of SMM among racial and 

ethnic group of interest compared to non-Hispanic white. These results are from models 

that included main effects for race and ethnicity category and year, and their interaction. 

Vertical lines represent 95% confidence intervals. Trend in SMM prevalence was statistically 

significantly different from the non-Hispanic white trend for the following categories: 

overall SMM (US-born Hispanic), non-transfusion SMM (US-born Hispanic), respiratory 

SMM (US-born Hispanic, non-US-born Hispanic, Black), hemorrhage SMM (US-born 

Hispanic, non-US-born Hispanic), sepsis SMM (non-US-born Hispanic, Black, Asian or 

Pacific Islander), other obstetric SMM (US-born Hispanic, non-US-born Hispanic, Asian or 

Pacific Islander), and transfusion SMM (Asian or Pacific Islander). SMM indicator category 

composition is presented in ►Table 1.
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