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Neighborhood disinvestment and severe maternal
morbidity in the state of California
Mahasin S. Mujahid, PhD, MS, FAHA; Elizabeth Wall-Wieler, PhD; Elleni M. Hailu, MPH;
Rachel L. Berkowitz, DrPH; Xing Gao, MPH; Colleen M. Morris, B.S.Ed; Barbara Abrams, DrPH;
Audrey Lyndon, PhD; Suzan L. Carmichael, PhD

BACKGROUND: Social determinants of health, including neighbor-
hood context, may be a key driver of severe maternal morbidity and its
related racial and ethnic inequities; however, investigations remain limited.
OBJECTIVE: This study aimed to examine the associations between
neighborhood socioeconomic characteristics and severe maternal morbid-
ity, as well as whether the associations between neighborhood socioeco-
nomic characteristics and severe maternal morbidity were modified by
race and ethnicity.
STUDY DESIGN: This study leveraged a California statewide data
resource on all hospital births at ≥20 weeks of gestation (1997−2018).
Severe maternal morbidity was defined as having at least 1 of 21 diagnoses
and procedures (eg, blood transfusion or hysterectomy) as outlined by the
Centers for Disease Control and Prevention. Neighborhoods were defined as
residential census tracts (n=8022; an average of 1295 births per neighbor-
hood), and the neighborhood deprivation index was a summary measure of
8 census indicators (eg, percentage of poverty, unemployment, and public
assistance). Mixed-effects logistic regression models (individuals nested
within neighborhoods) were used to compare odds of severe maternal mor-
bidity across quartiles (quartile 1 [the least deprived] to quartile 4 [the most
deprived]) of the neighborhood deprivation index before and after adjust-
ments for maternal sociodemographic and pregnancy-related factors and

comorbidities. Moreover, cross-product terms were created to determine
whether associations were modified by race and ethnicity.
RESULTS: Of 10,384,976 births, the prevalence of severe maternal
morbidity was 1.2% (N=120,487). In fully adjusted mixed-effects models,
the odds of severe maternal morbidity increased with increasing neighbor-
hood deprivation index (odds ratios: quartile 1, reference; quartile 4, 1.23
[95% confidence interval, 1.20−1.26]; quartile 3, 1.13 [95% confidence
interval, 1.10−1.16]; quartile 2, 1.06 [95% confidence interval, 1.03
−1.08]). The associations were modified by race and ethnicity such that
associations (quartile 4 vs quartile 1) were the strongest among individuals
in the “other” racial and ethnic category (1.39; 95% confidence interval,
1.03−1.86) and the weakest among Black individuals (1.07; 95% confi-
dence interval, 0.98−1.16).
CONCLUSION: Study findings suggest that neighborhood deprivation
contributes to an increased risk of severe maternal morbidity. Future
research should examine which aspects of neighborhood environments
matter most across racial and ethnic groups.

Key words: Health equity, Neighborhood health effects, Neighborhood
deprivation index, Racial and ethnic disparities, Social determinants of
health

Introduction

S evere maternal morbidity (SMM), a
myriad of unexpected and life-

threatening complications related to
pregnancy and childbirth, has emerged
as a major public health concern. SMM
affects 1% to 2% of pregnant individuals
(approximately 60,000 people) each
year in the United States. Moreover, it
has been on the rise for the past 2
decades.1,2 There are significant racial
and ethnic inequities in SMM, with
Black and American Indian or Alaska

Native individuals experiencing 2- to 3-
fold higher rates of SMM than White
individuals.3−5 Although extensive
research has identified a range of indi-
vidual, clinical, and hospital factors
associated with this increased risk, these
factors alone are insufficient in explain-
ing persistent racial and ethnic inequi-
ties in SMM.3,4,6,7

Recently, there has been a call to
action to investigate the multilevel
social determinants of SMM.8−11 A sys-
tematic review identified 83 studies
from 1999 to 2018 that examined social
factors related to maternal morbidity
and mortality and found that 94% of
studies focused on individual-level
social factors (eg, maternal education
and insurance status).12 However,
neighborhood environments, including
their socioeconomic conditions, physi-
cal characteristics, and social contexts,
may also be important drivers of SMM
and SMM inequities. We know that

there is substantial geographic variation
in SMM and that this variation is more
than just a function of the racial and
ethnic composition of the region.13,14

Alternatively, features of neighborhood
environments may affect SMM through
several pathways. First, neighborhood
environments may influence the risk of
preexisting conditions. Studies have
shown that individuals residing in
adverse neighborhood environments
have higher obesity, diabetes mellitus,
and other cardio-metabolic risk factors
associated with SMM.15−17 Second,
neighborhood environments may be
associated with multiple aspects of preg-
nancy health, including maternal diet,
physical activity, and gestational weight
gain.18−21 Third, neighborhood envi-
ronments may affect direct physiologi-
cal processes tied to chronic stress and
accelerated aging.22,23 Finally, neighbor-
hood environments may be related to
access to and quality of healthcare.24−26
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Investigations of neighborhood fac-
tors concerning SMM are in their
infancy. The few existing studies have
examined place-based socioeconomic
status measures at various scales:
county, ZIP code, and New York City
community district.3,27−29 To date,
findings have mostly been null, with
only 1 study documenting an associa-
tion between ZIP code−level median
household income and SMM, indepen-
dent of individual-level confounders.3 A
major limitation of these studies is the
use of large geographic boundaries that
introduce a great deal of within-area
heterogeneity and mask important geo-
graphic differences in risk.30 Thus,
more research is needed to examine
these associations using more granular
units, such as census tracts or block
groups.
To begin to address these gaps in the

literature, we examined associations
between neighborhood socioeconomic
characteristics, measured at the census
tract level, and SMM in the state of Cali-
fornia. Given rates of SMM are highest in
racially and ethnically marginalized popu-
lations, understanding whether adverse
neighborhood environments differentially
affect SMM in these groups may inform
efforts to address disparities in these
groups. Thus, we also examined whether
associations are modified by race and eth-
nicity. We hypothesized that birthing
people residing in more socioeconomi-
cally disadvantaged neighborhoods would

have a higher risk of SMM and that these
associations would vary substantially by
race and ethnicity, with associations being
more pronounced among racially and
ethnically marginalized individuals.

Materials and Methods
Study population
Data for this study are from all hospital
live births in California from 1997 to
2018, obtained from the California
Department of Health Care Access and
Information, formerly the Office of
Statewide Health Planning and Devel-
opment, which has linked hospital dis-
charge records with birth certificates
(N=10,971,609). We excluded births
from our analyses based on the follow-
ing criteria: missing gestational age or
gestational age at <20 or >45 weeks of
gestation (n=307,644), data unable to be
linked to a census tract (n=100,568),
and missing maternal race and ethnic-
ity, parity, and non−first birth for non-
singleton delivery (n=178,421). The
final analytical sample consisted of
10,384,976 births (Figure 1). The study
protocol study was approved by the
state of California Committee for the
Protection of Human Subjects and the
institutional review boards of Stanford
University and the University of Cali-
fornia, Berkeley.

Study outcome
We assessed SMM during birth hospi-
talization using the US Centers for

Disease Control and Prevention SMM
Index, which is validated for use with
administrative and population surveil-
lance data.2,31 The SMM index contains
21 indicators related to life-threatening
diagnoses and procedures (eg, heart
failure, temporary tracheostomy, and
transfusion). These indicators were
obtained from hospital discharge
records using the International Classifi-
cation of Disease, Ninth Revision, Clini-
cal Modification and the International
Classification of Disease, Tenth Revi-
sion, Clinical Modification and diagnos-
tic and procedure codes (Supplemental
Table 1). Individuals whose hospital
discharge records contained one or
more of these 21 indicators were catego-
rized as having SMM.
In sensitivity analyses, we excluded

individuals with blood transfusion as
their only SMM indicator because they
might not all represent true cases of
SMM, given that information on the
number of units of blood transfusion
was not available.31,32

Standardized neighborhood
deprivation index
Neighborhoods were defined as census
tracts. Based on previous work, we con-
structed a neighborhood deprivation
index (NDI) to investigate the associa-
tion between neighborhood socioeco-
nomic context and SMM. We consider
NDI to be a proxy for a broad range of
specific features of neighborhood envi-
ronments, which may provide general
insights into the potential effects of
neighborhood environments on SMM.
The index, originally developed by
Messer et al33 and widely used in the
maternal and infant health literature,34

combined 8 census tract variables: per-
centage of adults in management and
professional occupations, percentage of
crowded households, percentage of
households in poverty, percentage of
female-headed households with
dependents, percentage of households
on public assistance, percentage of
households earning <$30,000, percent-
age of adults with less than a high
school diploma, and percentage of
adults unemployed.33 This index was

AJOG MFM at a Glance

Why was this study conducted?
Neighborhood environments may be important drivers of severe maternal mor-
bidity (SMM); however, research is needed to investigate these associations at a
more granular census tract level and to examine whether associations are modi-
fied by race and ethnicity, given that rates of SMM are the highest in racially and
ethnically marginalized populations.

Key findings
The odds of SMM increased with increasing neighborhood deprivation, inde-
pendent of maternal sociodemographic and pregnancy-related factors and
comorbidities.

What does this add to what is known?
This work contributes evidence that neighborhood deprivation influences SMM
and suggests that census tract level may be a meaningful scale to assess how con-
textual disadvantages influence pregnancy-related outcomes.
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standardized with a mean of 0 and a
standard deviation (SD) of 1, with
higher NDI scores indicating more dep-
rivation and lower NDI scores indicat-
ing less deprivation. For births between
1997 and 2004, these variables were
extracted from data from the 2000 cen-
sus. For births between 2005 and 2010,
NDI variables were characterized using
2005−2010 American Community Sur-
vey (ACS) 5-year estimates. Similarly,
births between 2011 and 2015 were
linked to 2011−2015 ACS estimates,
and births between 2016 and 2017 were
linked to 2015−2019 ACS estimates.
In our analyses, we categorized this
continuous score into quartiles for the
1997−2004 and 2005−2018 births sepa-
rately (quartile 1 [low deprivation] to
quartile 4 [high deprivation]). Across
the state of California, there were 8022
neighborhoods, with an average of 1295
births per neighborhood. The census
tract 2000 boundary was normalized to
2010 using the Longitudinal Tract
Database.35,36

Race and ethnicity
Maternal race or ethnicity was deter-
mined from birth certificates and cate-
gorized as Non-Hispanic White
(hereafter, White), Non-Hispanic Black
(hereafter, Black), Hispanic, Asian or
Pacific Islander (Asian Indian, Chinese,
Filipino, Japanese, Korean, Vietnamese,
Native Hawaiian, Guamanian or Cha-
morro, Samoan, other Asian, or other
Pacific Islander; hereafter, Asian or
Pacific Islander), and other race and
ethnicity. Because of the small sample
sizes, we combined birthing people who
were identified as American Indian or
Alaska Native (n=44,199 [0.4%]) with
other and mixed-race group (n=6807
[0.1%]) to create an “other” race and
ethnicity category.

Covariates
Based on previous literature, we exam-
ined an extensive list of maternal and
clinical factors as confounders, using
data from birth certificates and hospital
discharge records. Maternal demographic

and pregnancy-related characteristics
assessed included maternal education
(high school education or less, some col-
lege, or completed college), primary
method used for childbirth payment
(Medi-Cal, private insurance, or other or
unknown), maternal age at childbirth
(<20, 20 to 34, or ≥35 years), plurality
(singleton or multiple), and parity (any
vs no previous live birth). The clinical
comorbidity score (continuous) was esti-
mated from 26 comorbidities with Inter-
national Classification of Diseases
Clinical Modification codes, which were
assigned weighted values based on their
ability to predict SMM.37

Statistical analyses
All statistical analyses were performed
using SAS (version 9.4; SAS Institute
Inc, Cary, NC). In descriptive analy-
ses, we compared the distribution of
study covariates by NDI and SMM
and reported proportions, means, and
SDs. To determine whether NDI was
associated with SMM, we used a series

FIGURE 1
Analytical sample selection, California, 1997-2018 (N=10,384,976)

The figure shows the summary of the study exclusion criteria leading to the final analytical sample. After removing samples because of missing or invalid
data, the final analytical sample consisted of 10,384,976 births.
Mujahid. Neighborhood deprivation and racial/ethnic differences in severe maternal morbidity in California. Am J Obstet Gynecol MFM 2023.
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of mixed-effects logistic regression
models with individuals nested within
neighborhoods. As SMM is a rare out-
come, we reported odds ratios (ORs)
as suitable approximations of relative
risk.38 The unadjusted model included
only NDI (model 1), and additional
models sequentially included maternal
sociodemographic characteristics,

pregnancy-related factors, and clinical
comorbidities (model 2) and maternal
race and ethnicity (model 3). To
examine whether associations between
NDI and SMM were modified by race
and ethnicity, we created a cross-
product term, and interactions with a
P value of <.05 were considered statis-
tically significant.

Results
Among 10,384,976 births, 120,487
(1.2%) were SMM births, and the mean
maternal age was 28.4 (SD, 6.26). The
distribution of maternal race and ethnic-
ity was 50.8% Hispanic, 29.5% White,
13.5% Asian or Pacific Islander, 5.8%
Black, and 0.5% individuals in the
“other” racial and ethnic category. Table 1

TABLE 1
Distribution of maternal characteristics by neighborhood deprivation index quartiles, California, 1997-2018
(N=10,384,976)

Maternal characteristics All, n (%)

Neighborhood deprivation quartiles,a n (%)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n=1,817,201) (n=2,195,976) (n=2,736,997) (n=3,634,802)

Race and ethnicity

Non-Hispanic White 3058,811 (29.5) 1,023,796 (56.3) 960,066 (43.7) 719,740 (26.3) 355,209 (9.8)

Non-Hispanic Black 601,503 (5.8) 45,038 (2.5) 96,443 (4.4) 165,455 (6.0) 294,567 (8.1)

Hispanic 5,274,129 (50.8) 296,099 (16.3) 728,772 (33.2) 1,497,326 (54.7) 2,751,932 (75.7)

Asian or Pacific Islander 1,399,527 (13.5) 446,329 (24.6) 398,834 (18.2) 336,792 (12.3) 217,572 (6.0)

Other 51,006 (0.5) 5939 (0.3) 11,861 (0.5) 17,684 (0.6) 15,522 (0.4)

Age (y)

<20 877,768 (8.5) 35,534 (2.0) 113,457 (5.2) 251,075 (9.2) 477,702 (13.1)

20−34 7,638,780 (73.6) 1,199,995 (66.0) 1,629,178 (74.2) 2,082,402 (76.1) 2,727,205 (75.0)

≥35 1,868,428 (18.0) 581,672 (32.0) 453,341 (20.6) 403,520 (14.7) 429,895 (11.8)

Education

High school education or less 5,289,687 (50.9) 291,959 (16.1) 770,600 (35.1) 1,530,647 (55.9) 2,696,481 (74.2)

Some college 2,318,074 (22.3) 365,626 (20.1) 599,651 (27.3) 698,359 (25.5) 654,438 (18.0)

College graduate 2,595,070 (25.0) 1,128,155 (62.1) 787,513 (35.9) 461,471 (16.9) 217,931 (6.0)

Missing or unknown 182,145 (1.8) 31,461 (1.7) 38,212 (1.7) 46,520 (1.7) 65,952 (1.8)

Payment type at delivery

Medi-Cal 4,824,537 (46.5) 207,100 (11.4) 631,184 (28.7) 1,365,499 (49.9) 2,620,754 (72.1)

Private 5,207,585 (50.1) 1,542,133 (84.9) 1,482,322 (67.5) 1,274,250 (46.6) 908,880 (25.0)

Other or unknown 352,854 (3.4) 67,968 (3.7) 82,470 (3.8) 97,248 (3.6) 105,168 (2.9)

Multiple pregnancy

Yes 156,640 (1.5) 40,929 (2.3) 37,007 (1.7) 36,623 (1.3) 42,081 (1.2)

No 10,228,336 (98.5) 1,776,272 (97.7) 2,158,969 (98.3) 2,700,374 (98.7) 3,592,721 (98.8)

Primiparous

Yes 4,018,861 (38.7) 814,028 (44.8) 940,253 (42.8) 1,053,505 (38.5) 1,211,075 (33.3)

No 6,366,115 (61.3) 1,003,173 (55.2) 1,255,723 (57.2) 1,683,492 (61.5) 2,423,727 (66.7)

Comorbiditiesb 8.0 (14.7) 7.9 (15.1) 8.1 (14.9) 7.9 (14.6) 7.9 (14.4)
Clinical comorbidities score is equal to weighted average of 26 comorbidities.
a Quartile 1 represents the lowest deprivation neighborhoods, and quartile 4 represents the highest (worst) deprivation neighborhoods; b Data are presented as mean (standard deviation) for the contin-
uous comorbidity score.

Mujahid. Neighborhood deprivation and racial/ethnic differences in severe maternal morbidity in California. Am J Obstet Gynecol MFM 2023.
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shows the distribution of maternal char-
acteristics overall and by quartiles of
neighborhood disadvantage. Compared
with the overall population, individuals
living in the highest quartile of NDI (ie,
most deprived) were more likely to iden-
tify as Black (8.1% [the highest quartile]
vs 5.8% [overall]) and Hispanic (75.7%
[the highest quartile] vs 50.8% [overall])
and less likely to be White (9.8% [high-
est quartile] vs 29.5% [overall]). More-
over, compared with the overall
population, individuals living in the
highest quartile of NDI had a higher
representation of individuals with less
than a high school education (74.2%
[the highest quartile] vs 50.9% [overall])
and individuals with Medi-Cal (72.1%
[the highest quartile] vs 46.5% [overall]).
The incidence of SMM increased

with increasing neighborhood disad-
vantage: 102.9 per 10,000 in quartile 1,
109.3 per 10,000 in quartile 2, 115.4 per
10,000 in quartile 3, and 127.1 per
10,000 in quartile 4 (Table 2). In mixed-
effects unadjusted models, individuals
living in neighborhoods with more dis-
advantage (ie, quartile 2−quartile 4
compared with quartile 1) had 5% to
23% higher odds of SMM, conditional
on the random effect for neighborhood
(all confidence intervals [CIs] excluded
the null). The associations persisted
after adjustment for maternal age, edu-
cation, insurance type, parity, plurality,
and clinical comorbidities (model 2)
(Table 2) and became slightly

attenuated after adjustment for mater-
nal race and ethnicity (model 3: quartile
2, 1.04 [95% CI, 1.01−1.06]; quartile 3,
1.07 [95% CI, 1.05−1.10]; quartile 4,
1.14 [95% CI, 1.11−1.17]) (Table 2).

A further examination of the inter-
play between neighborhood disadvan-
tage and race and ethnicity revealed a
significant interaction in unadjusted
(P<.0001) (Figure 2) and fully adjusted
models (P<.001) (Table 3). The associa-
tion between NDI and SMM among
White (quartile 2, 1.04 [95% CI, 1.01
−1.07]; quartile 3, 1.10 [95% CI, 1.07
−1.14]; quartile 4, 1.22 [95% CI, 1.17
−1.27]), Hispanic (quartile 2, 1.08 [95%
CI, 1.03−1.13]; quartile 3, 1.10 [95% CI,
1.06−1.14]; quartile 4, 1.17 [95% CI,
1.12−1.22]), and Asian or Pacific
Islander (quartile 2, 1.05 [95% CI, 1.01
−1.09]; quartile 3, 1.07 [95% CI, 1.02
−1.12]; quartile 4, 1.14 [95% CI, 1.08
−1.20]) individuals was similar in direc-
tion and magnitude, with a clear gradi-
ent of increasing SMM with increasing
NDI as seen in the total population.
Among those in the “other” racial and
ethnic category, individuals living in the
highest quartile of NDI (1.39; 95% CI,
1.39−1.86) had a higher risk of SMM
than those living in the lowest quartile
of NDI. However, there was no statisti-
cally significant association between
NDI and SMM among Black individuals

In sensitivity analyses, the associa-
tions between NDI and SMM were
comparable for nontransfusion SMM in

the overall models, although results had
less precision as demonstrated by the
wider CIs (Supplemental Table 2).
Race- and ethnicity-stratified models
showed that the associations between
some levels of NDI and nontransfusion
SMM were attenuated for some groups,
specifically Hispanic, Asian, and other
racial groups.

Comment
Principal findings
Our analysis of the relationship between
neighborhood disadvantage and SMM
in a statewide sample of 10.4 million
births in California from 1997 to 2018
found that SMM risk was the highest
among birthing people who lived in the
most deprived areas and that the odds
of SMM increased as neighborhood
deprivation increased, independent of
maternal sociodemographic characteris-
tics, pregnancy-related factors, and
comorbidities. This pattern was
observed for all racial and ethnic
groups, with the strongest association
among individuals in the “other” racial
and ethnic category; however, associa-
tions were not statistically significant
for Black individuals.

Results
Our results provided evidence that
neighborhood deprivation, measured at
the census tract level, influences SMM.
Other studies have characterized con-
textual socioeconomic status at broader

TABLE 2
SMM prevalence, unadjusted OR, and adjusted OR of SMM by neighborhood deprivation index quartile, California,
1997-2018 (N=10,384,976)

Neighborhood
deprivation Deliveries

SMM
cases

SMM prevalence
per 10,000
deliveries

Unadjusted OR
(95% CI), without
neighborhood
mixed effect

Including neighborhood mixed effect

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)a

Adjusted OR
(95% CI)b

Q1 (low deprivation) 1,817,201 18,690 102.9 Reference Reference Reference Reference

Q2 2,195,976 23,997 109.3 1.06 (1.04−1.08) 1.05 (1.04−1.08) 1.06 (1.03−1.08) 1.04 (1.01−1.06)

Q3 2,736,997 31,593 115.4 1.12 (1.10−1.14) 1.12 (1.10−1.14) 1.13 (1.10−1.16) 1.07 (1.05−1.10)

Q4 (high deprivation) 3,634,802 46,207 127.1 1.24 (1.22−1.26) 1.23 (1.20−1.26) 1.23 (1.20−1.26) 1.14 (1.11−1.17)
CI, confidence interval; OR, odds ratio; Q, quartile; SMM, severe maternal morbidity.
a The data have been adjusted for maternal age, education, insurance type, parity, plurality, and comorbidity score; b The data have been adjusted for maternal age, education, insurance type, parity,
plurality, comorbidity score, and race and ethnicity.
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geographic scales, including county-
level socioeconomic status indicators,
ZIP code−level household income
quartile, and community district−level
poverty.13,27−29 County-level socioeco-
nomic characteristics were not associ-
ated with SMM in a study of New York
State births,3,27 whereas ZIP code−level
income, which defined neighborhoods
at a comparatively finer scale than
county-level income, was inversely
associated with rates of SMM in a mul-
tistate study.3,27 Community district
−level poverty in New York City, a
scale that fell between county and ZIP
code, was not statistically significantly
associated with SMM overall but modi-
fied SMM risk such that residence in a
high-poverty neighborhood signifi-
cantly increased the SMM risk differ-
ence between Black and White birthing
people and between Hispanic and
White birthing people, compared with
this difference in wealthier districts.28

Finally, we found that the associations
between NDI and SMM persisted after

adjusting for individual-level socioeco-
nomic factors and pregnancy-related
clinical factors, suggesting that other
mechanisms, such as quality of care
during delivery or exposure to discrim-
ination, may be operating to influence
SMM risks.

In addition, we found that the associ-
ation between neighborhood depriva-
tion and SMM was modified by race
and ethnicity. Among White, Hispanic,
and Asian or Pacific Islander individu-
als and those in the “other” racial and
ethnic category, living in neighborhoods
with a higher NDI was associated with
higher odds of SMM. It is rare to have a
sufficient sample size in neighborhood
health effects research to explore these
cross-level interactions, and our find-
ings that associations are strong among
Hispanic, Asian or Pacific Islander, and
especially “other” (predominately Native
American) individuals contribute to a
limited literature on multilevel predictors
of reproductive outcomes among these
groups.

However, we also found that there
was no statistically significant associa-
tion between NDI and SMM among
Black individuals. Although this was
counter to our a priori hypotheses, it is
not unprecedented. Evidence regarding
the relationship between neighborhood
characteristics and reproductive out-
comes among Black individuals is
mixed.39,40 Of note, 1 study that exam-
ined preterm birth (PTB) outcomes
found that White and Black individuals
in the same geographic areas had a dif-
ferent relationship between NDI and
PTB; although living in a more deprived
neighborhood significantly increased the
risk of PTB for White individuals in 7 of
8 geographies, significantly increased
risk of PTB was only seen for Black indi-
viduals in 2 of 8 geographies and at a
lower magnitude than observed for
White individuals.41 In another study,
significant relationships were found
between specific characteristics of neigh-
borhood deprivation (eg, physical inci-
vilities or walkability) and low

FIGURE 2
SMM prevalence across neighborhood deprivation by race and ethnicity, California, 1997-2018 (n=10,384,976)

The figure shows the SMM prevalence per 10,000 deliveries across neighborhood deprivation by race and ethnicity. “Other” refers to individuals who
were identified as American Indian or Alaska Native, mixed race, and other. Black individuals had the highest prevalence of SMM across all quartiles.
SMM, severe maternal morbidity.
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birthweight and PTB for White but not
Black individuals.42 It is possible that for
Black individuals, factors not measured
in this study but known to impact
chronic stress and reproductive out-
comes (eg, experiences of racism or
social support) modify the relationship
between NDI and SMM.34,43−46 For
example, Black individuals living in high
NDI neighborhoods with high concen-
trations of chronic stressors may benefit
from strong social support networks that

mitigate the negative effects of living in a
deprived neighborhood.47 Black individ-
uals living in lower NDI neighborhoods
may be more likely to experience racial
discrimination and social exclusion, nul-
lifying the protective effect that a less
deprived neighborhood may provide for
other racial groups.48 Future research is
needed to understand the pathways
through which neighborhoods may dif-
ferentially affect the risk of SMM across
different groups of Black individuals.

Clinical implications
Our findings underscored the need to
move beyond pregnancy-related fac-
tors and clinical comorbidities and
considered a broader range of social
determinants of health (eg, neighbor-
hood context) to fully understand
and address the etiology of SMM and
SMM disparities. The collection and
inclusion of information on patients’
neighborhood context in electronic
health records and hospital discharge

TABLE 3
Prevalence, unadjusted OR, and adjusted OR of SMM by NDI quartile and maternal race and ethnicity, California, 1997
−2018 (n=10,384,976)

NDI quartile and maternal race and ethnicity Deliveries SMM cases
SMM prevalence per
10,000 deliveries

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)a

Model 1: non-Hispanic White (n=2,300,151)

Q1 (low deprivation) 1,023,796 9198 90 Reference Reference

Q2 960,066 8844 92 1.01 (0.97−1.05) 1.04 (1.01−1.07)

Q3 719,740 7024 98 1.03 (0.99−1.08) 1.10 (1.07−1.14)

Q4 (high deprivation) 355,209 3964 112 1.12 (1.06−1.18) 1.22 (1.17−1.27)

Model 2: non-Hispanic Black (n=453,856)

Q1 (low deprivation) 45,038 776 172 Reference Reference

Q2 96,443 1634 169 0.96 (0.85−1.08) 1.00 (0.92−1.10)

Q3 165,455 2903 175 0.96 (0.86−1.07) 1.03 (0.94−1.12)

Q4 (high deprivation) 294,567 5457 185 1.01 (0.90−1.12) 1.07 (0.98−1.16)

Model 3: Hispanic (n=3,970,402)

Q1 (low deprivation) 296,099 3300 111 Reference Reference

Q2 728,772 8404 115 0.96 (0.91−1.02) 1.08 (1.03−1.13)

Q3 1,497,326 17,217 115 0.94 (0.89−1.00) 1.10 (1.06−1.14)

Q4 (high deprivation) 2,751,932 33,704 122 0.97 (0.93−1.03) 1.17 (1.12−1.22)

Model 4: Asian or Pacific Islander (n=967,753)

Q1 (low deprivation) 446,329 5340 120 Reference Reference

Q2 398,834 4956 124 1.04 (0.98−1.10) 1.05 (1.01−1.09)

Q3 336,792 4203 125 1.00 (0.94−1.06) 1.07 (1.02−1.12)

Q4 (high deprivation) 217,572 2807 129 1.00 (0.93−1.07) 1.14 (1.08−1.20)

Model 5: other (n=37,614)

Q1 (low deprivation) 5939 76 128 Reference Reference

Q2 11,861 159 134 1.03 (0.70−1.52) 1.07 (0.79−1.44)

Q3 17,684 246 139 0.82 (0.56−1.20) 1.12 (0.83−1.50)

Q4 (high deprivation) 15,522 275 177 1.09 (0.75−1.58) 1.39 (1.03−1.86)
CI, confidence interval; NDI, neighborhood deprivation index; OR, odds ratio; Q, quartile; SMM, severe maternal morbidity.
a Data have been adjusted for maternal age, education, insurance type, parity, plurality, and comorbidity score.
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data would be a crucial step in this
direction.

Research implications
As our findings suggested that the scale
at which neighborhood context is mea-
sured may matter, future research
should examine associations at more
granular levels to uncover geographic
differences in risk that may be masked
at the county or ZIP code level. To facil-
itate this research aim, clinical databases
should leverage patient address data to
allow for geocoding at the neighbor-
hood level.
As there are persistent racial and eth-

nic inequities in SMM, future research
is needed to expand the measurement
of both harmful and protective neigh-
borhood-level factors that may be more
salient for racially and ethnically mar-
ginalized populations and to examine
their effect on SMM.

Strengths and limitations
This study examined the relationship
between NDI and SMM using statewide
data in California and a more granular
geographic definition of neighborhood
at the census tract level, a more compre-
hensive characterization of neighbor-
hood disadvantage, and a larger sample
size than most previous studies. The
large population of Asian or Pacific
Islander and Hispanic individuals in
our dataset provided an important
opportunity for us to examine associa-
tions by race and ethnicity that may not
be possible using other datasets with
smaller sample sizes of these groups.
Several limitations warranted com-

ment. First, although we used a vali-
dated measure of SMM, there may be a
misclassification of our outcome. Poten-
tial sources of misclassification included
the underreporting of rare SMM condi-
tions (eg, eclampsia and other cardiac
and renal conditions) in hospital dis-
charge data and the classification of
SMM for individuals who received a
blood transfusion for nonsevere
complications.31,49 In sensitivity analy-
ses, we found comparable associations
between neighborhood disadvantage
and SMM, mitigating concern regarding
the latter source of bias. Second, our use

of census tracts as proxies for neighbor-
hoods may be limiting; although census
tracts are designed to be more socioeco-
nomically homogenous than larger cen-
sus-defined boundaries, they may not
reflect boundaries that are meaningful
to residents or the underlying bound-
aries of spatial inequities. A related
concern is the absence of direct mea-
surement of specific features of neigh-
borhood environments and the use of
neighborhood deprivation as a crude
proxy for features, such as high crime
and other place-based stressors that
may matter for SMM. Future studies
should examine specific features that
may be more amenable to change.
Finally, although we controlled for an
extensive list of covariates, we cannot
rule out the possibility of residual con-
founding because of the unavailability
of data on individual-level measures
(eg, household income).

Conclusions
Leveraging one of the largest statewide
databases, we found that neighborhood
disadvantage was associated with SMM
at the census tract level. Furthermore,
NDI influenced SMM risk among
White, Asian or Pacific Islander, His-
panic, and other racial groups. This
work provides support for the crucial
impact of social determinants of health,
operating at multiple levels, on maternal
health inequities. &
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