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Racial and Ethnic Disparities in Anemia and
Severe Maternal Morbidity

Irogue I. Igbinosa, MD, Stephanie A. Leonard, PhD, Francecsa Noelette, BA, Shantay Davies-Balch, MBA,
Suzan L. Carmichael, PhD, MS, Elliott Main, MD, and Deirdre J. Lyell, MD

OBJECTIVE: To evaluate antepartum anemia prevalence

by race and ethnicity, to assess whether such differences

contribute to severe maternal morbidity (SMM), and to

estimate the contribution of antepartum anemia to SMM

and nontransfusion SMM by race and ethnicity.

METHODS: We conducted a population-based cohort

study using linked vital record and birth hospitalization

data for singleton births at or after 20 weeks of gestation

in California from 2011 through 2020. Pregnant patients

with hereditary anemias, out-of-hospital births, unlinked

records, and missing variables of interest were excluded.

Antepartum anemia prevalence and trends were esti-

mated by race and ethnicity. Centers for Disease Control

and Prevention criteria were used for SMM and non-

transfusion SMM indicators. Multivariable logistic regres-

sion modeling was used to estimate risk ratios (RRs) for

SMM and nontransfusion SMM by race and ethnicity

after sequential adjustment for social determinants,

parity, obstetric comorbidities, delivery, and antepartum

anemia. Population attributable risk percentages were

calculated to assess the contribution of antepartum

anemia to SMM and nontransfusion SMM by race and

ethnicity.

RESULTS: In total, 3,863,594 births in California were

included. In 2020, Black pregnant patients had the high-

est incidence of antepartum anemia (21.5%), followed by

Pacific Islander (18.2%), American Indian–Alaska Native

(14.1%), multiracial (14.0%), Hispanic (12.6%), Asian

(10.6%), and White pregnant patients (9.6%). From 2011

to 2020, the prevalence of anemia increased more

than100% among Black patients, and there was a per-

sistent gap in prevalence among Black compared with

White patients. Compared with White patients, the

adjusted risk for SMM was high among most racial and

ethnic groups; adjustment for anemia after sequential

modeling for known confounders decreased SMM risk

most for Black pregnant patients (approximated RR 1.47,

95% CI 1.42–1.53 to approximated RR 1.27, 95% CI 1.22–

1.37). Compared with White patients, the full adjusted

nontransfusion SMM risk remained high for most groups

except Hispanic and multiracial patients. Within each

racial and ethnic group, the population attributable risk

percentage for antepartum anemia and SMMwas highest

for multiracial patients (21.4%, 95% CI 17.5–25.0%), fol-

lowed by Black (20.9%, 95% CI 18.1–23.4%) and Hispanic

(20.9%, 95% CI 19.9–22.1%) patients. The nontransfusion

SMM population attributable risk percentages for Asian,

Black, and White pregnant patients were less than 8%.

CONCLUSION: Antepartum anemia, most prevalent

among Black pregnant patients, contributed to dispar-

ities in SMM by race and ethnicity. Nearly one in five to

six SMM cases among Black, Hispanic, American Indian–
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Alaska Native, Pacific Islander, and multiracial pregnant

patients is attributable in part to antepartum anemia.

(Obstet Gynecol 2023;142:845–54)

DOI: 10.1097/AOG.0000000000005325

Severe maternal morbidity (SMM) is associated with
racial and ethnic health disparities in the United

States, and Black pregnant people experience the highest
rates.1,2 Sociodemographic factors and structural, and
systemic racism are known causes of disparities in
SMM.1,2 Prior studies demonstrate anemia as a risk fac-
tor for SMM, particularly among Black pregnant peo-
ple.2–5 However, the differential association of
antepartum anemia by race and ethnicity, in the absence
of hereditary anemias, is not as well characterized.6 The
World Health Organization estimates that one third of
all reproductive-age people have anemia, and up to 38%
of pregnant people worldwide experience anemia.7 An-
tepartum anemia contributes to adverse maternal and
infant outcomes, including postpartum hemorrhage,
preterm birth, low birth weight, and stillbirth.8 Under-
standing the contribution of antepartum anemia to
SMM by race and ethnicity is essential.

National guidelines are inconsistent in recommen-
dations for the evaluation and treatment of antepartum
anemia.9 Many guidelines have not been updated to
reflect evidence-based alternatives to screening for
iron-deficiency anemia in pregnancy.10,11 Before
2021, guidelines endorsed race-based hemoglobin cut-
offs, and the implications are staggering: Black preg-
nant women were less likely to receive treatment
options during the antenatal period.12 Public health
reporting on antepartum anemia prevalence is limited,
and gaps in evidence may result in patients receiving
disparate levels of care.3,9,11,12

Our objectives were to evaluate the prevalence of
antepartum anemia by race and ethnicity, to assess
whether such differences contribute to differences in
SMM and nontransfusion SMM, and to estimate the
contribution of antepartum anemia to SMM and non-
transfusion SMM.3

METHODS

We conducted a population-based study using live-birth
and fetal death certificate records data linked to delivery
hospitalization records from 2011 to 2020. Our study
cohort included singleton pregnancies at or after 20
weeks of gestation with available study variables
(n53,998,523). Pregnant patients with hereditary ane-
mias, including hemoglobinopathies (eg, sickle cell dis-
ease), were excluded. Out-of-hospital births and unlinked
births were not included in our final cohort. The Stan-
ford University IRB and California Committee for the

Protection of Human Subjects approved this study.
Strengthening the Reporting of Observational Studies
in Epidemiology guidelines were followed. Guided by
the conceptual model to address pathways in racial and
ethnic disparities1 and public health critical race praxis,14

our research team includes partnership with patient and
community stakeholders to inform our research ques-
tions and study design.15,16 Parallel to this work, our
team conducted culturally congruent focus groups with
Black pregnant patients to elicit perspectives in regard to
anemia and adverse pregnancy experiences. Our quali-
tative assessments will be submitted separately.

Research by the Human Genome Project and
anthropologic investigations affirms that race is a social
and cultural context, not a biological one.17,18 We focus
on race and ethnicity because they sit at the
intersection of many socioeconomic factors, social deter-
minants of health, and structural and systematic racism in
health care.19 In this study, race and ethnicity serve as a
measure to inform health care policies for historically
marginalized and minoritized populations.15,20 We col-
lected race and ethnicity from vital records birth certifi-
cate data, and pregnant patients are referenced by self-
reported race and ethnicity categories as captured in
these data.21 Patients who identified as Hispanic are cat-
egorized as Hispanic. If Hispanic ethnicity was not listed,
the first reported race category was captured in our data.
We then classified race and ethnicity per U.S. Office of
Management and Budget categories. Asian and Pacific
Islander categories were disaggregated because of histor-
ical variation in perinatal outcomes across groups.22

Studies comparing California vital records data with
self-report cite greater than 94% sensitivity for Black or
African American, Asian-Pacific Islander, European, and
Hispanic people.23 Patients reporting more than one
racial group were categorized as multiracial. Patients
without specified race (missing and other) constituted less
than 0.33% of the population and were excluded from
final analysis because of limited statistical power.

Severe maternal morbidity includes cases in
which patients may have had a blood transfusion as
the only qualifying event for SMM (ie, any of the 21
indicators for SMM defined by the Centers for
Disease Control and Prevention [CDC]) during the
birth hospitalization.24 Nontransfusion SMM (SMM
excluding blood transfusion–only cases) includes
SMM cases defined by any of the 20 or more SMM
indicators by the CDC except for blood transfusion as
the only indicator. We identified variables for SMM
and nontransfusion SMM with International Classifi-
cation of Diseases (ICD), Ninth and Tenth Revision
codes (Appendices 1 and 2, available online at http://
links.lww.com/AOG/D327).
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Antepartum anemia is defined by the CDC as hemo-
globin less than 11 g/dL in the first and third trimesters
and less than 10.5 g/dL in the second trimester.25 We
identified antepartum anemia on birth admission by race
and ethnicity using ICD-9 and ICD-10 codes.3,26–30

Additional covariates identified included social determi-
nants of health (age, insurance, education), prepregnancy
body mass index (BMI, calculated as weight in kilograms
divided by height in meters squared), prenatal care, par-
ity, mode of delivery, obstetric comorbidity score (com-
posite score of maternal comorbidities), and anemia.8,31

Maternal comorbidities included hypertension (chronic
or gestational), gestational diabetes mellitus, and preex-
isting diabetes. The variables from the hospitalization
data include anemia, SMM, comorbidities, and payment.
All other variables are from the birth certificate data. We
conducted a complete case analysis for missing data
(Appendix 3, available online at http://links.lww.com/
AOG/D327).

In aggregate data by race and ethnicity, descrip-
tive statistics were used to examine maternal charac-
teristics, social determinants of health, and obstetric
comorbidities by antepartum anemia and SMM
status. We identified antepartum anemia prevalence
by race and ethnicity from 2011 to 2020. To evaluate
for disparities in the prevalence of anemia and its
contribution to SMM, we performed multivariable
logistic regression models for the association between
race and ethnicity and SMM. We sequentially
adjusted the models for social determinants of health
(age, education, insurance), clinical factors (parity and
obstetric comorbidity score, not including anemia),
delivery mode, and anemia. Models represented
known confounders of the relationship between
anemia and SMM.8,25,30 Antepartum anemia was
adjusted last to isolate the effect on SMM status and
evaluate whether anemia is a mediator of SMM and
race. The estimated odds ratios approximated risk
ratios (RRs) because of the rare outcome of SMM
and are reported as such. All multivariable analyses
were replicated for the outcome of nontransfusion
SMM.

Next, to estimate the contribution of antepartum
anemia to SMM by race and ethnicity, we used
parametric g-computation to calculate population
attributable risk percentages within each racial–
ethnic group:
(1003

�
Observed   SMM   incidence2Predicted   SMM   incidence   if   anemia   eliminated

Observed   SMM   incidence

�
).32,33

We bootstrapped these simple substitution models
(parametric g-computation) 1,000 times to obtain 95%
CIs. This statistical method offers indirect estimation
of the total effect of anemia on SMM and non-
transfusion SMM.32 The population attributable risk

percentages were adjusted for the same set of co-
variates: age, education, insurance, obstetric co-
morbidity score, parity, and delivery method. We
used bootstrapping to estimate 95% CIs for the
adjusted population attributable risk percentages of
SMM and nontransfusion SMM. Data were analyzed
in SAS 9.4 and R 4.1.3.

RESULTS

During the study period, there were 4,740,434 births
in California. We analyzed 3,863,594 births after
exclusion criteria were applied (Fig. 1). Most patients
were aged 25–34 years, initiated prenatal care in the
first trimester, had prepregnancy BMIs lower than 30,
and had at least one prior birth (Table 1). Gestational
diabetes mellitus, pregestational diabetes, and hyper-
tension disorders of pregnancy were more common in
patients with antepartum anemia and SMM, and
obstetric comorbidity scores were higher in this
group. Cesarean deliveries were more common
among patients with SMM.

In 2020, Black pregnant people had the highest
prevalence of antepartum anemia (21.5%), followed

Fig. 1. Study sample selection. *Race, ethnicity, age, edu-
cation, nativity, parity, gestational age, and delivery body
mass index.

Igbinosa. Disparities in Antepartum Anemia and Severe Maternal
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Table 1. Distribution of Maternal Characteristics in Pregnant Patients With Antepartum Anemia in
California, 2011–2020 (n54,414,118)*

Characteristic

Antepartum Anemia Severe Maternal Morbidity

No [4,012,479
(90.1)]

Yes [401,639
(9.1)]

No [4,348,020
(98.5)]

Yes [66,098
(9.1)]

Race and ethnicity by birth certificate
(n54,414,118)

American Indian–Alaska Native 12,916 (0.3) 1,293 (0.3) 13,895 (0.3) 314 (0.5)
Asian 583,209 (14.5) 48,605 (12.1) 622,269 (14.3) 9,545 (14.4)
Black 175,096 (4.4) 33,770 (8.4) 204,154 (4.7) 4,712 (7.1)
Hispanic 1,795,091 (44.7) 189,471 (47.2) 1,954,098 (44.9) 30,464 (46.1)
Multiple races 87,498 (2.2) 9,750 (2.4) 95,763 (2.2) 1,485 (2.3)
Pacific Islander 15,417 (0.4) 2,058 (0.5) 17,042 (0.4) 433 (0.7)
White 1,074,681 (26.8) 85,614 (21.3) 1,146,538 (26.4) 13,757 (20.8)
Missing 268,571 (6.7) 31,078 (7.7) 294,261(6.8) 5,388 (8.2)

Insurance (n54,414,118)
Public 1,930,197 (48.1) 186,065 (46.3) 2,081,415 (47.9) 34,847 (52.7)
Private 1,944,764 (48.5) 208,380 (51.9) 2,123,629 (48.9) 29,515 (44.7)
Other 137,495 (3.4) 7,194 (1.8) 142,954 (3.3) 1,735 (2.6)
Missing 23 (0) 0 (0) 22 (0) 1 (0)

Education (n54,414,118)
Less than high school graduate 626,224 (15.6) 62,091 (15.5) 676,567 (15.6) 11,748 (17.8)
High school graduate or equivalent 972,781 (24.2) 106,085 (26.4) 1,061,834 (24.4) 17,032 (25.8)
Some college 1,020,837 (25.4) 110,205 (27.4) 1,114,823 (25.6) 16,219 (24.5)
College graduate or higher 1,196,496 (29.8) 101,449 (25.3) 1,281,184 (29.5) 16,761 (25.4)
Missing 196,141 (4.9) 21,809 (5.4) 213,612 (4.9) 4,338 (6.6)

Maternal age (y) (n54,414,118)
Younger than 18 58,743 (1.5) 7,224 (1.8) 64,655 (1.5) 1,312 (2.0)
18–24 855,082 (21.3) 97,442 (24.3) 938,020 (21.6) 14,504 (21.9)
25–34 2,242,132 (56.0) 215,474 (53.7) 2,424,288 (55.8) 33,318 (50.4)
35–39 680,359 (17.0) 64,151 (16.0) 732,019 (16.9) 12,491 (18.9)
40 or older 175,369 (4.4) 17,255 (4.3) 188,211 (4.3) 4,413 (6.7)
Missing 794 (0) 93 (0) 827 (0) 60 (0.1)

Initiation of prenatal care (n54,414,118)
1st trimester 3,326,112 (82.9) 326,462 (81.3) 3,600,778 (82. 8) 51,796 (78.4)
After the 2nd trimester 472,494 (11.8) 52,343 (13.0) 516,444 (11.9) 8,393 (12.7)
After the 3rd trimester or no prenatal care 137,893 (3.4) 16,486 (4.1) 150,813 (3.5) 3,566 (5.4)
Missing 75,980 (1.9) 6,348 (1.6) 79,985 (1.8) 2,343 (3.5)

Previous births (n54,414,118)
Nulliparous 1,586,710 (39.5) 156,654 (39.0) 1,713,175 (39.4) 30,189 (45.6)
1 1,289,239 (32.1) 121,700 (30.3) 1,395,789 (32.1) 15,150 (22.9)
2–4 435,427 (10.9) 49,573 (12.3) 475,663 (11.0) 9,337 (14.1)
5 or more 31,091 (0.8) 4,560 (1.1) 34,394 (0.8) 1,257 (1.9)
Missing 670,012 (16.7) 69,152 (17.2) 728,999 (16.8) 10,165 (15.4)

Prepregnancy BMI (kg/m2) (n54,414,118)
Lower than 18.9 78,427 (2.0) 8,056 (2.0) 85,044 (2.0) 1,439 (2.2)
18.9–24.9 1,570,220 (39.1) 148,064 (36.9) 1,694,448 (39.0) 23,836 (36.1)
25–29.9 1,113,660 (27.8) 112,705 (28.1) 1,208,382 (27.8) 17,983 (27.2)
30–34.9 621,834 (15.5) 65,842 (16.4) 677,083 (15.6) 10,593 (16.0)
35–39.9 285,870 (7.1) 31,518 (7.9) 312,341 (7.2) 5,047 (7.6)
40 or higher 192,050 (4.8) 22,889 (5.7) 211,072 (4.9) 3,867 (5.9)
Missing 150,418 (3.8) 12,565 (3.1) 159,650 (3.7) 3,333 (5.0)

Pregestational diabetes (n526,373) 22,731 (0.6) 3,642 (0.9) 25,261 (0.6) 1,112 (1.7)
Gestational diabetes (n5128,804) 113,516 (2.8) 15,288 (3.8) 125,691 (2.9) 3,113 (4.7)
Chronic hypertension (n53,642) 30,859 (0.8) 5,603 (1.4) 34,686 (0.8) 1,776 (2.7)
Hypertensive disorders of pregnancy

(n589,672)
75,829 (1.9) 13,843 (3.5) 83,956 (1.9) 5,716 (8.7)

Gestational age (n54,414,118)
Preterm (20–less than 37 wk) 284,229 (7.1) 34,993 (8.7) 305,629 (7.0) 13,593 (20.6)
Term 3,721,630 (92.8) 366,089 (91.2) 4,035,410 (92.8) 52,309 (79.1)
Missing 6,620 (0.2) 557 (0.1) 6,981 (0.2) 196 (0.3)

(continued )
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by Pacific Islander (18.2%), American Indian–Alaska
Native (14.1%), multiracial (14.0%), Hispanic (12.6%),
Asian (10.6%), and White (9.6%) pregnant patients
(Fig. 2 and Appendix 2, http://links.lww.com/AOG/
D327). Next, we assessed differences in antepartum
anemia by race and ethnicity. Anemia prevalence
doubled to tripled from 2011 to 2020 for all groups:
American Indian–Alaska Native (4.3–14.1%), Asian
(5.0–10.6%), Black (10.7–21.5%), Hispanic (6.1–12.
6%), multiracial (6.0–14.0%), Pacific Islander (7.1–18.
2%), and White (4.5–9.6%) pregnant patients (Fig. 2).
A significant and persistent disparity in anemia was
noted between Black and White pregnant patients
over time (an absolute difference of 6.2 percentage
points in 2011 and 11.9 percentage points in 2020)
(Fig. 2).

We then evaluated how differences in antepartum
anemia by race and ethnicity contributed to disparities
in SMM. The incidence of SMM was higher in all
pregnant patients with anemia compared with those
without anemia (Table 2). The SMM incidence in
patients with anemia was highest in Pacific Islander
(6.5%), followed by American Indian–Alaska Native
(6.3%), Black (5.1%), Hispanic (4.6%), multiracial
(4.2%), Asian (3.8%), and White (3.4%) pregnant
patients. In comparison, when anemia was not pre-
sent, the SMM incidence across different racial and
ethnic groups ranged from 1.0% to 1.8% (Table 2).
Compared with White patients, the unadjusted risk
for SMM was elevated in Pacific Islander (crude RR
2.06, 95% CI 1.85–2.28), Black (RR 1.91, 95% CI
1.85–1.98), and American Indian–Alaska Native
(crude RR 1.85, 95% CI 1.64–2.08) pregnant patients.
Modeling for sociodemographic, clinical, and delivery
factors reduced the relative risk of SMM for most

groups (Table 2). Compared with the reference group,
sequential modeling for social determinants of health,
clinical factors, and delivery mode to antepartum
anemia decreased the relative risk for SMM among
Black patients (approximated RR 1.47, 95% CI 1.42–
1.53 to approximated RR 1.27, 95% CI 1.22–1.32).
SMM decreased minimally after similar adjustments
for antepartum anemia in American Indian–Alaska
Native, Asian, Pacific Islander, and Hispanic preg-
nant patients (Table 2). Compared with White
patients, the full adjusted risk for SMM was highest
among American Indian–Alaska Natives (approxi-
mated RR 1.53, 95% CI 1.35–1.73), Asian (RR1.32,

Table 1. Distribution of Maternal Characteristics in Pregnant Patients With Antepartum Anemia in
California, 2011–2020 (n54,414,118)* (continued )

Characteristic

Antepartum Anemia Severe Maternal Morbidity

No [4,012,479
(90.1)]

Yes [401,639
(9.1)]

No [4,348,020
(98.5)]

Yes [66,098
(9.1)]

Delivery mode (n54,414,118)
Vaginal 2,793,709 (69.6) 259,413 (64.6) 3,024,969 (69.6) 28,153 (42.6)
Cesarean 1,218,770 (30.4) 142,226 (35.4) 1,323,051 (30.4) 37,945 (57.4)

Obstetric Comorbidity Index (n54,414,118)†

0 2,912,451 (72.6) 251,321 (62.6) 3,130,481 (72.0) 33,291 (50.4)
1–5 696,467 (17.4) 89,634 (22.3) 773,790 (17.8) 12,311 (18.6)
5 or higher 403,561 (10.1) 60,684 (15.1) 443,749 (10.2) 20,496 (31.0)

BMI, body mass index.
Data are n (%).
* Missing data excluded in final analysis.
† Composite score of maternal comorbidities.

Fig. 2. Trends in antepartum anemia in pregnant patients,
2011–2020.

Igbinosa. Disparities in Antepartum Anemia and Severe Maternal
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95% CI 1.30–1.37), and Black (approximated RR
1.27, 95% CI 1.22–1.32) patients.

Next, we estimated the contribution of antepar-
tum anemia to SMM by race and ethnicity. The RR of
SMM and anemia within each racial and ethnic group
was calculated; for all groups, anemia was associated
with an approximately threefold increased SMM risk
(Table 3). Population attributable risk percentages
were adjusted for covariates within each race and eth-

nicity (Table 3). Antepartum anemia contributed to
21.4% (95% CI 17.5–25.0%) of SMM prevalence in
multiracial patients, 20.9% (95% CI 18.1–23.4%) in
Black patients, 20.9% (95% CI 19.9–22.1%) in His-
panic patients, 16.7% (95% CI 5.2–29.0%) in Ameri-
can Indian–Alaska Native patients, and 16.4% (95%
CI 7.3–26.4%) in Pacific Islander patients. Asian and
White pregnant patients had the lowest population
attributable risk of antepartum anemia on SMM
(Table 3).

The absolute incidence of nontransfusion SMM
was less than 1% among all racial and ethnic groups
without antepartum anemia (Table 4). Compared with
White patients, the unadjusted risk of nontransfusion
SMM was high in Black (RR 1.87, 95% CI 1.78–1.98),
Pacific Islander (1.77, 95% CI 1.50–2.09), American
Indian–Alaska Native (RR 1.40, 95% CI 1.14–1.73),
Asian (RR 1.32, 95% CI 1.27–1.37), multiracial (RR
1.30, 95% CI 1.19–1.41), and Hispanic (RR 1.16, 95%
CI 1.13–1.20) patients. Adjustments for available
social determinants of health did not substantially
modify the relative risk of nontransfusion SMM for
any cohort (Table 4). Asian, Black, and Pacific
Islander patients continued to have elevated non-
transfusion SMM risk relative to most other racial and
ethnic groups after full sequential adjustment of co-
variates. It is notable that Asian pregnant patients’
nontransfusion relative risk (crude RR 1.32, 95% CI

Table 2. Disparities in Severe Maternal Morbidity by Race and Ethnicity, California, 2011–2020
(N53,863,594)

Race and
Ethnicity

SMM Incidence

Crude RR
(95% CI)

Adjusted RR (95% CI)*

Patients With
Anemia

Patients Without
Anemia Model 1 Model 2 Model 3 Model 4

American
Indian–
Alaska
Native

75 (6.3) 202 (1.7) 1.85
(1.64–2.08)

1.74
(1.55–1.97)

1.62
(1.44–1.84)

1.57
(1.39–1.78)

1.53
(1.35–1.73)

Asian 1,746 (3.8) 6,990 (1.3) 1.29
(1.25–1.33)

1.32
(1.29–1.36)

1.32
(1.31–1.38)

1.35
(1.32–1.39)

1.33
(1.30–1.37)

Black 1,583 (5.1) 2,646 (1.6) 1.91
(1.85–1.98)

1.82
(1.76–1.89)

1.56
(1.51–1.62)

1.47
(1.42–1.53)

1.27
(1.22–1.32)

Hispanic 8,318 (4.6) 19,829 (1.2) 1.31
(1.28–1.33)

1.22
(1.19–1.24)

1.24
(1.21–1.27)

1.22
(1.19–1.25)

1.17
(1.14–1.20)

Multiple races 386 (4.2) 1,009 (1.2) 1.30
(1.23–1.38)

1.30
(1.22–1.37)

1.16
(1.10–1.23)

1.16
(1.09–1.23)

1.10
(1.04–1.17)

Pacific Islander 122 (6.5) 250 (1.8) 2.06
(1.85–2.28)

1.94
(1.75–2.16)

1.82
(1.63–2.02)

1.79
(1.61–1.99)

1.68
(1.50–1.86)

White 2,773 (3.4) 9,992 (1.0) Ref Ref Ref Ref Ref

SMM, severe maternal morbidity; RR, risk ratio; Ref, reference.
Data are n (%) unless otherwise specified.
* Model 1 adjusted for age, education, and delivery hospitalization payment method (social determinants of health). Model 2 additionally

adjusted for obstetric comorbidity score (excluding anemia) and parity. Model 3 additionally adjusted for delivery method. Model 4
additionally adjusted for anemia.

Table 3. Associations Between Anemia and Severe
Maternal Morbidity by Race and Ethnicity,
California, 2011–2020 (N53,863,594)

Race and
Ethnicity

Adjusted RR
(95% CI)*

Adjusted Population
Attributable

Risk Percentage
(95% CI)*

American Indian–
Alaska Native

3.27 (2.46–4.34) 16.7 (5.2–29.0)

Asian 2.57 (2.43–2.71) 11.3 (8.9–13.3)
Black 2.81 (2.64–3.00) 20.9 (18.1–23.4)
Hispanic 3.63 (3.54–3.73) 20.9 (19.9–22.1)
Multiple races 2.94 (2.59–3.32) 21.4 (17.5–25.0)
Pacific Islander 3.37 (2.67–4.24) 16.4 (7.3–26.4)
White 2.96 (2.82–3.09) 14.7 (13.3–16.0)

RR, relative risk.
* Adjusted for age, education, payment method, obstetric comor-

bidity score, parity, and delivery method.
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1.27–1.37) remained relatively unchanged after full
adjustment for covariates (approximated RR 1.34,
95% CI 1.29–1.40); a similar finding was noted among
Hispanic patients (crude RR 1.16, 95% CI 1.13–1.20
to approximated RR 1.12, 95% CI 1.08–1.17)
(Table 4).

Population attributable risk percentages showed
that antepartum anemia contributed to less than 8

percent of nontransfusion SMM in pregnancy
(Table 5). Not all results were statistically significant
and are potentially reflective of small sample size
within each racial and ethnic category.

DISCUSSION

In our cohort of 3,863,594 births, antepartum anemia
was associated with SMM and nontransfusion SMM
and contributed to nearly one in five SMM cases in
Black pregnant patients. Disparities in anemia were
also identified among American Indian–Alaska
Native, Hispanic, multiracial, and Pacific Islander
pregnant patients and contribute to disparities in
SMM.

Our study identified a rise of anemia among
every racial and ethnic group during the past decade.
Black patients experienced a 100% increase in ante-
partum anemia, the greatest of any group, and Black–
White disparities grew over time.34 The reasons for
the increase and disparity in anemia are multifactorial.
Causes of antepartum anemia can include preexisting
gynecologic conditions (abnormal uterine bleeding,
fibroids), pregnancy physiology, chronic illnesses, or
inflammatory- and immune-mediated states.35 Struc-
tural racism, “the totality of ways societies foster racial
discrimination,” is also evident in historical race-based
hemoglobin cutoffs and the intersectionality of nutri-
tion security with race and ethnicity.36–40 Persistent
disparities in anemia suggest implicit inequalities in
how historically marginalized communities are

Table 4. Disparities in Nontransfusion Severe Maternal Morbidity by Race and Ethnicity, California, 2011–
2020 (N53,863,594)

Race
and Ethnicity

SMM Incidence

Crude RR
(95% CI)

Adjusted RR (95% CI)*

Patients With
Anemia

Patients
Without Anemia Model 1 Model 2 Model 3 Model 4

American Indian–
Alaska Native

16 (1.3) 76 (0.6) 1.40
(1.14–1.73)

1.41
(1.15–1.74)

1.26
(1.02–1.57)

1.21
(0.97–1.50)

1.19
(0.96–1.47)

Asian 634 (1.4) 3,236 (0.6) 1.32
(1.27–1.37)

1.33
(1.27–1.38)

1.34
(1.29–1.40)

1.35
(1.30–1.41)

1.34
(1.29–1.40)

Black 483 (1.5) 1,330 (0.8) 1.87
(1.78–1.98)

1.90
(1.80–2.00)

1.51
(1.42–1.59)

1.39
(1.32–1.47)

1.30
(1.21–1.38)

Hispanic 2,245 (1.3) 8,652 (0.5) 1.16
(1.13–1.20)

1.11
(1.11–1.19)

1.17
(1.13–1.22)

1.14
(1.10–1.19)

1.12
(1.08–1.17)

Multiple races 127 (1.4) 476 (0.6) 1.30
(1.19–1.41)

1.33
(1.22–1.45)

1.13
(1.04–1.23)

1.12
(1.03–1.22)

1.10
(1.01–1.20)

Pacific Islander 40 (2.1) 100 (0.7) 1.77
(1.50–2.09)

1.74
(1.47–2.06)

1.56
(1.31–1.86)

1.52
(1.27–1.81)

1.47
(1.24–1.76)

White 897 (1.1) 4,643 (0.5) Ref Ref Ref Ref Ref

SMM, severe maternal morbidity; RR, risk ratio; Ref, referent.
Data are n (%) unless otherwise specified.
* Model 1 adjusted for age, education, and delivery hospitalization payment method (social determinants of health). Model 2 additionally

adjusted for obstetric comorbidity score (excluding anemia) and parity. Model 3 additionally adjusted for delivery method. Model 4
additionally adjusted for anemia.

Table 5. Associations Between Anemia and
Nontransfusion Severe Maternal
Morbidity by Race and Ethnicity,
California, 2011–2020 (N53,863,594)

Race and
Ethnicity

Adjusted RR
(95% CI)*

Adjusted Population
Attributable Risk

Percentage (95% CI)*

American
Indian–
Alaska
Native

1.32 (0.73–2.43) 3.9 (214.4–21.2)

Asian 1.77 (1.62–1.94) 6.1 (2.5–9.4)
Black 1.49 (1.33–1.66) 6.1 (1.4–10.8)
Hispanic 1.89 (1.80–1.99) 9.7 (25.0–35.9)
Multiple races 1.77 (1.44–2.19) 6.9 (0.1–13.1)
Pacific
Islander

2.38 (1.60–3.52) 13.0 (25.0–35.9)

White 1.79 (1.67–1.94) 7.6 (4.8–9.6)

RR, risk ratio.
* Adjusted for age, education, payment method, obstetric comor-

bidity score, parity, and delivery method.
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assessed and treated for anemia.9 Despite American
College of Obstetricians and Gynecologists’ recom-
mendations for routine complete blood cell count
screening, there are screening inconsistencies in clin-
ical settings.13,41 Many believe that national guide-
lines reflect outdated evidence on anemia in
pregnancy and promulgate inequalities by race and
ethnicity.9,34,42

Our data support a strong correlation between
antepartum anemia and SMM; antepartum anemia
drives SMM more than nontransfusion SMM for
every racial and ethnic group. Although the adjusted
population attributable risk percentages demonstrated
that antepartum anemia contributed to one fifth of
SMM among Black, Hispanic, and multiracial
patients, it also contributed to one sixth of SMM
among Pacific Islander and American Indian–Alaska
Native patients. Reducing antepartum anemia can
potentially reduce SMM. Our data also show that
antepartum anemia also contributed to about 8% of
nontransfusion SMM. This suggests that blood trans-
fusions are a particular driver of SMM and that non-
transfusion SMM may be a sign of increased risk for
maternal end-organ injury and morbidity.

Our study has several strengths. These data reflect
a diverse cohort of patients receiving obstetric care at
more than 200 hospitals throughout California. We
excluded patients with hereditary anemias because
they warrant separate screening and management. We
also identified antepartum anemia, anemia present at
birth on admission, by billing codes. Our cohort
allowed us to specify outcomes for American
Indian–Alaska Native and Pacific Islander patients,
groups not typically well represented in studies, and to
identify that SMM remains elevated for these groups
after adjustments for social determinants of health and
obstetric comorbidities. In addition, we were able to
disaggregate outcomes between SMM and non-
transfusion SMM to identify the effect of antepartum
anemia on each.43

Our study has several limitations, including risk
of misclassification bias with the use of ICD-9 and
ICD-10 codes to capture diagnosis and procedures.
The possibility for measurement error remains if
misclassification occurs. Although birth certificate
data are informed by patient self-report during
hospitalization, congruency among birth certificate
data for Native Americans had a sensitivity of 54%.23

We were also unable to comment on the
intersection of racial and ethnic disparities in anemia
with index of concentrations at the extremes or social
vulnerability index.15,44,45 Stratification of outcomes
within the multiracial group was underpowered for

additional analysis.46 Causality of antepartum anemia
is also unknown because we did not have access to
iron indices, hemoglobin values (anemia severity),
and treatment. However, similar work analyzing ante-
partum anemia has demonstrated the reliability of the
ICD-9 and ICD-10 codes.3,26,28–30 In addition, data
reinforce that mild anemia (9–10.9 g/dL) is a risk fac-
tor for blood transfusion.8,47

The population attributable risks show that ante-
partum anemia also increases the risk of SMM among
most racial and ethnic groups. Efforts to understands
gaps in addressing antepartum anemia—especially
inequalities in anemia screening and management
and drivers of structural racism in antepartum anemia
—are needed to narrow disparities of SMM.48 Fifty per-
cent of pregnant patients in high-resource settings may
have iron deficiency, and 1 in 10 enrollees in federal
nutrition support programs is anemic.25,49 Qualitative
assessments with diverse pregnant patient groups are
important to understand patients’ lived experience with
anemia.19,50 Treatment of anemia is critical; a longitu-
dinal observational cohort showed that adequate treat-
ment of antepartum anemia can reduce preterm birth
and preeclampsia.41 Comprehensive approaches inclu-
sive of patient stakeholders are key to avoid proposing
solutions that could inadvertently cause harm.51,52 We
can glean valuable information from these data, in-
forming future obstetric quality measures and interven-
tions. Antepartum anemia is modifiable, and
addressing anemia through an equity lens has potential
for closing disparity gaps in SMM.
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