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Abstract

Objectives Public health interventions to reduce maternal mortality have largely focused on obstetric causes of death. How-
ever, previous studies have noted that non-obstetrics factors, such as motor vehicle accidents, substance overdoses, homi-
cides, and suicides, may account for a large proportion of maternal deaths. The study objective was to examine trends in
maternal deaths from non-obstetric causes across races in the United States (US).

Methods A population-based cross-sectional study was conducted on 80,710,348 live births using data from the “Birth
Data” and “Mortality Multiple Cause” files compiled by the Centers for Disease Control and Prevention from 2000 to 2019.
The annual incidence of maternal deaths attributed to non-obstetric causes (/100,000 live-births) during pregnancy and up
to 42 days postpartum were calculated across racial groups. Then the effects of race on the risk of non-obstetric maternal
mortality and temporal changes over the study period were examined using logistic regression models.

Results From 2000 to 2019, a total 7,334 women died during pregnancy, childbirth, and within 42 days postpartum from
non-obstetric causes, representing 34.5% (7,334/21,241) of all maternal mortality. Of non-obstetric deaths, 31.3% were
caused by transport accidents and 27.3% by accidental poisoning. American Indian women were found to have the highest
risk of non-obstetric maternal mortality (OR 2.20,95% CI 1.90-2.56), and 46.1% (176/382) of all deaths among pregnant
American Indian women were caused by non-obstetric complications. Risk of non-obstetric maternal mortality increased
overall during the 20-year study period, with a greater increase among Black (1.15, 1.13—1.17) and American Indian women
(1.17, 1.13-1.21).

Conclusion Non-obstetric causes of death have become increasingly prevalent in the US, especially in American Indian
women. Novel interventions to address these non-obstetric factors should especially target American Indian women to
improve maternal outcomes.

Significance

What is Already Known on this Subject? Black women and American Indian women have the highest maternal mortality
rates in the United States. Few studies have considered non-obstetric causes of maternal death.

What this Study adds? Non-obstetric causes of maternal mortality have become increasingly prevalent in the US within the
past two decades, with more than one-third of all deaths in pregnant women being non-obstetric in nature. American Indian
women and Black women were found to be at the highest risk of non-obstetric mortality, with an upward trend over time.
Maternal deaths due to non-obstetric causes was also elevated among Black women compared to white women.
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the United States (US) (Callaghan, 2012; Declercq, 2020;
MacDorman et al., 2016; World Health Organization, 2019).
Specifically, between 2000 and 2020, the maternal mortality
ratio in the US increased by an estimated 78% from 12 to
21 maternal deaths/100,000 live births (World Health Orga-
nization, 2023).

Globally, direct and indirect obstetric causes of maternal
mortality have continued to receive attention from health-
care providers and policy makers, whereas non-obstetric
causes have not received the same level of attention (Kong
et al.,, 2021). Non-obstetric causes of mortality are those
unrelated to pregnancy or the postpartum, such as motor
vehicle accidents, substance overdoses, homicides, and sui-
cides. It is believed that these specific non-obstetric causes
may account for a large proportion of maternal deaths in the
US, (Campbell et al., 2021; Mangla et al., 2019; Margerison
et al., 2022; Sakamoto et al., 2019; Wallace et al., 2021).
Maternal mortality, whether due to non-obstetric or obstetric
complications, are equally important to discern and deserve
national attention. The World Health Organization’s (WHO)
definition of maternal death, which is the most commonly
referenced, does not include accidental and incidental
causes of death (World Health Organization, 2022); hence,
it is not surprising that studies examining non-obstetric
causes of death during pregnancy and childbirth are limited.
A recently published study that collectively considered both
obstetric and non-obstetric causes of maternal death found
that Black women, followed by American Indian women,
had the highest maternal mortality rates in the US (Huang
etal., 2023).

Currently, there is a need for greater understanding of
non-obstetric causes of death and racial disparities in mater-
nal mortality in the US. Hence, the purpose of our study was
to conduct a nationwide population-based study to estimate
maternal mortality rates arising from non-obstetrical causes
in the US and to examine associations between race and risk
of non-obstetric maternal mortality.

Materials and Methods
Study Design and Data Sources

We conducted a 20-year retrospective population-based
cross-sectional study on all non-obstetric maternal deaths
during pregnancy, childbirth, and within 42 days of child-
birth occurring in the US from 2000 to 2019 using the birth
and mortality records compiled by the National Center for
Health Statistics (NCHS) at the Centers for Disease Control
and Prevention (CDC). This observation period of preg-
nancy and postpartum is in concordance with the time-frame
employed in the WHO’s definition of maternal death (World
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Health Organization, 2022). The birth data were extracted
from the “Birth Data” files, which are developed by the
NCHS annually by taking information from the birth certifi-
cates for all births to residents and non-residents occurring
in the US. Birth certificates are required by state laws and
the data are collected and merged by the NCHS to create
the “Birth Data” files (National Center for Health Statistics.
Vital Statistics Online Data Portal). The mortality data used
in the study were obtained from the “Mortality Multiple
Cause” files from the CDC (Kong et al., 2021). These mor-
tality data files contain information collected directly from
official death certificates for every recorded death in the
US (Hoyert & Miniflo, 2020). The medical portion of each
death certificate is completed by a physician and a medical
examiner indicating the primary cause of death and addi-
tional contributing causes. Subsequently, this information is
filed in vital statistics offices in each state and compiled into
national data through the National Vital Statistics System
(NVSS) creating the “Mortality Multiple Cause” data files.
In this way, the NVSS captures all deaths across every state
in the US with medically certified death certificate infor-
mation. Although the WHO definition of maternal mortal-
ity does not include accidental and incidental deaths (World
Health Organization, 2022), we defined maternal mortal-
ity as the death of a woman during pregnancy, childbirth,
or within 42 days of childbirth, from any cause including
direct obstetric, indirect obstetric, and non-obstetric causes.
Specifically, the non-obstetric causes that have contributed
to these deaths were examined in this study.

Data Extraction

We created the study cohort by extracting all 80 million live
births occurring in the US between 2000 and 2019 from the
“Birth Data” files. Then, the International Classification of
Diseases (ICD)-10 codes A34, 000-095, and 098-099 were
used to identify all deaths during pregnancy, childbirth, and
within 42 days of childbirth from the “Mortality Multiple
Cause” data files according to the WHO application of ICD-
10 codes to pregnancy-related deaths (World Health Orga-
nization, 2012). The same ICD-10 codes have been used
to code cause-of-death data in the US since 1999 (World
Health Organization, 2010), and therefore we used the same
codes for the entire study period. The “Mortality Multiple
Cause” files contain a “Record-Axis” conditions column
highlighting the ICD-10 code for the primary cause of death
and up to 20 contributing causes. Within the column, all
records where the maternal death ICD-10 codes were iden-
tified as either the medically certified primary or 1-20 con-
tributing causes of death were extracted from the data files.
After extraction, the data were segmented by primary cause-
of-death into deaths occurring from direct obstetric causes,
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indirect obstetric causes, or non-obstetric causes of death
using the appropriate ICD-10 codes. All records where A34,
000-095, and 098-099 were not the primary cause of
death but listed as a contributing condition were sorted into
the non-obstetric cohort to identify women dying from non-
obstetric conditions. The ICD codes for these non-obstetric
causes are list in Table 1. These include the following causes
of death: Transport accidents (any accident involving a
device designed primarily for transporting persons or goods
from one place to another); Accidental poisoning (acciden-
tal poisoning by drugs and biological substances including
unintentional overdose from noxious substances); Assault/
homicide (injuries inflicted by another person with intent to
injure or kill, by any means); Intentional self-harm (suicide,
regardless of the causal factors); Accidental exposure to
physical forces (mechanical and external causes of injury);
Complications of medical care (surgical and medical pro-
cedures resulting in abnormal reaction of the patient or due
to complication); Legal interventions (injuries inflicted by
law-enforcing agents); and other unspecified non-obstetric
causes during pregnancy, childbirth and 42 days postpar-
tum. Further stratification of the data by race was achieved
using a combination of the “Race Recode” and “Hispanic
Origin” variables to identify women as either White, Black,
Hispanic, American Indian, or Asian/Pacific Islander in the
study.

Table 1 Primary causes of death in all death certificates with a non-
obstetric maternal death diagnosis from 2000-2019 in the US

Record Axis Condition Frequency % of

Code (% subset) Total

All Maternal 21,241 100

Deaths

Obstetric Deaths 13,907 65.5

Non-Obstetric 7,334 (100) 34.5

Deaths

V01-V99 Transport Accidents 2,295 10.8

(31.3)

X40-X49 Accidental Poisoning/ 2,002 9.4
Overdose (27.3)

X85-Y09 Assault/Homicide 1,380 6.5

(18.8)

X60-X84 Intentional Self-Harm/ 897 (12.2) 5.1
Suicide

Y10-Y34 Events of Undetermined 203 (2.8) 1.0
Intent

W00-X59 Accidental Exposure to 201 (2.7) 09
Physical Forces

Y40-Y84 Complications of Medical 56 (0.8) 0.3
Care

Y35-Y36 Legal Intervention/Injury 8(0.1) 0.0
from Law-Enforcer

Y84-Y98 Other Non-Obstetric 292 (4.0) 1.4

Unspecified Cause

Statistical Analyses

First, we calculated the overall and annual maternal mor-
tality rates attributed to non-obstetric causes per 100,000
live births from 2000 to 2019. Second, the individual non-
obstetrical causes of death were enumerated. Third, race-
specific mortality rates attributed to non-obstetric causes
were calculated and logistic regression models were used
to estimate associations between race and risk of mater-
nal mortality from non-obstetric causes through the esti-
mation of odds ratios (OR) and 95% confidence intervals
(CI). White individuals were used as the reference group
since they were the largest racial group. Next, the frequen-
cies of specific non-obstetric causes were examined by race.
Lastly, we examined the temporal trends of non-obstetric
maternal mortality across each race stratum by calculating
the annual change in maternal mortality rates from 2000 to
2019 using the slope within logistic regression models, with
year of maternal death entered as a continuous independent
variable.

The analyses were conducted using SAS 9.4 statisti-
cal software and graphs were developed with Excel 2019.
P-values < 0.05 were considered statistically significant.

Ethical Approval

According to the Tri-Council Policy of 2018, institutional
ethics approval was not required for this study as it was only
based on data from a publicly available database (Canadian
Institutes of Health Research, December 2018). Our study
adhered to the Declaration of Helsinki and followed the
STROBE guidelines.

Results

Over the study period of 2000-2019, 80,710,348 live births
were extracted, with births ranging from 3.7 to 4.3 mil-
lion annually. In total, 7,334 maternal deaths had a primary
cause of death labeled as a non-obstetric cause, compris-
ing 34.5% of all 21,241 deaths occurring during pregnancy,
childbirth, or 42 days postpartum throughout the study
period. Table 1 shows the most common causes-of-death
for all deaths in pregnant women from non-obstetric causes.
Transport accidents were the most common cause of death,
making up 31.3% of all non-obstetric deaths, while the sec-
ond was accidental poisoning (27.3%), and third was assault
(18.8%).

Table 2 shows the distribution of non-obstetric maternal
deaths, total number of live births, and non-obstetric mater-
nal mortality rate by race, as well as the association between
race and risk of non-obstetric maternal mortality. The
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Table 2 Non-obstetric maternal death incidence in the US stratified by race

Cohort Non-Obstetric  Livebirths from Non-Obstetric Mater- % of Maternal Odds Ratio P-value
Maternal the General US nal Deaths Deaths due to (95% CI)
Deaths Population per 100,000 Births Non-Obstetric
N (%) N (%) (95% CI) Causes
All 7,334 80,710,348 9.1(6.7-11.8) 34.5%
Race
White 4,528 (61.7) 44,384,643 (55.0) 10.2 (7.3-13.8) 423 Reference
Black 1,377 (18.8) 11,930,146 (14.8) 11.5(7.7-15.5) 22.5 1.13 (1.07-1.20) <0.0001
Hispanic 1,079 (14.7) 18,748,899 (23.2) 5.6 (4.3-7.2) 33.0 0.56 (0.53-0.60) <0.0001
American Indian 176 (2.4) 782,950 (1.0) 22.5(14.5-32.3) 46.1 2.20 (1.90-2.56) <0.0001
Asian/Pacific 172 (2.3) 4,362,792 (5.4) 3.9(2.543) 243 0.39 (0.33-0.45) <0.0001
Islander
Other 2(0.0) 500,918 (0.6) 0.4 (-0.5-1,3) 5.2 0.04 (0.01-0.16) <0.0001
? A total of 21,241 maternal deaths occurred during the study period
Table 3 Cause of non-obstetric death by maternal race
Cause of death White Black Hispanic American Indian Asian/ Pacific Islander
Transport Accidents 1394 (30.8) 369 (26.8) 412 (38.2) 67 (38.3) 52(30.2)
Accidental Poisoning/Overdose 1508 (33.3) 231 (16.8) 195 (18.1) 45 (25.5) 23 (13.3)
Assault/Homicide 523 (11.5) 581 (42.2) 241 (22.3) 17.(9.7) 18 (10.2)
Intentional Self-Harm/ Suicide 596 (13.2) 100 (7.3) 121 (11.2) 27 (15.4) 54 (31.1)
Events of Undetermined Intent 145 (3.2) 19 (1.4) 22 (2.0) 5(2.6) 13 (7.5)
Accidental Exposure to Physical Forces 139 (3.1) 29 (2.1) 26 (2.4) 5(@3.1) 2(1.0)
Complications of Medical Care 25 (0.6) 17 (1.2) 11 (1.0) 1(0.5) 2(1.4)
Legal Intervention 3(0.1) 3(0.2) 0(0.0) 2(0.9) 0(0.0)
Other 196 (4.3) 28 (2.0) 51(4.7) 7 (4.0) 9(5.2)
Total 4528 (100) 1377 (100) 1079 (100) 176 (100) 172 (100)

overall maternal mortality rate from non-obstetric causes
over the study period was 9.1 deaths per 100,000 live births.
The mortality rate due to non-obstetric causes was highest
among American Indian women at a rate of 22.5 maternal
deaths per 100,000 live births. Out of all maternal deaths
in American Indian women, 46.1% had a primary cause of
death labeled as a non-obstetric complication compared to
the 34.5% observed for the entire cohort. Compared with
white women, American Indian women were found to be at
a more than 2-fold greater risk of maternal mortality from
non-obstetric causes (2.20, 95% CI 1.90-2.56), while Black
women were also found to be at a greater risk (1.13, 95%
CI 1.07-1.20). On the other hand, Hispanic (0.56, 95% CI
0.53-0.60) and Asian/Pacific Islander (0.39, 95% CI 0.33—
0.45) women showed a lower risk of maternal death from
non-obstetric causes compared with white women.

Table 3 shows the distribution of specific non-obstetric
causes of maternal mortality for each racial group. White
individuals most commonly died from accidental poison-
ing/overdose, although the frequency of transport accident
deaths was just slightly lower. Black individuals more fre-
quently died from assault/homicide. Transport accidents
were the most common cause of non-obstetric deaths
among Hispanics and American Indians. Suicides were the
most frequent cause of death among Asian/Pacific Islanders,
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although motor vehicle accidents were almost comparable
in terms of frequency in this racial group.

Over the study period, there was an upward trend in
annual maternal mortality rates from non-obstetric causes
(Fig. 1). The annual increase in maternal mortality rate from
non-obstetric causes was the greatest in American Indian
women, while Hispanic and Asian/Pacific Islander women
showed little annual increase (Table 4).

Discussion

Our analysis revealed that non-obstetric complications were
the primary cause of death in 34.5% of women who died
during pregnancy, childbirth, or within 42 days postpartum
over the past 2 decades in the US, with transport accidents,
accidental poisoning, and assault representing the most
prevalent causes of death. An upward trend was observed in
non-obstetric maternal mortality from 2000 to 2019 in the
US, with the greatest annual increase and greatest odds of
non-obstetric death observed in American Indian women.
Research on accidental and incidental causes of mater-
nal death is notably limited. To our knowledge, this is the
first nation-wide study on the trends and characteristics of
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Table 4 Annual change in the non-obstetric maternal mortality rate from 2000—-2019 in the US population stratified by race

Cohort Annual Increase per 100,000 Births Odds Ratio P-Value

(95% CI)

All 1.0 1.12 (1.12-1.13) <0.0001

Race
White 1.2 1.13 (1.12-1.14) <0.0001
Black 1.3 1.15(1.13-1.17) <0.0001
Hispanic 0.5 1.09 (1.08-1.10) <0.0001
American Indian 2.7 1.17 (1.13-1.21) <0.0001
Asian/Pacific Islander 0.2 1.03 (1.01-1.07) <0.0001

non-obstetric causes of maternal deaths in the US, although
such studies have been conducted in individual states.

Our study found that American Indian women were at a
two-fold greater risk of maternal death from non-obstetric
causes compared with white women, with the mortality
rates increasing the most over time among the former group.
Maternal mortality and severe maternal morbidity have
previously been reported to be higher in American Indian
women than in white women (Heck et al., 2021; Kozhi-
mannil et al., 2020), but there is little literature on the con-
tribution of accidental and incidental causes of mortality.
This current study found that 46.1% of all maternal deaths
in American Indian women were caused by non-obstetric
complications, which is the highest of all racial groups. We
also observed that Black women had a greater risk of mater-
nal death due to non-obstetric factors, compared with white
women. Although it is well known that Black women in the
US have a significantly higher rate of pregnancy-related
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deaths than white women, largely due to cardiomyopathy,
thrombotic pulmonary embolism, and hypertensive dis-
orders of pregnancy (Petersen et al., 2019), less is known
about the non-obstetric factors of maternal death of this
racial group. These racial disparities in maternal mortality
have been attributed to marginalization of racialized groups
and structural racism within the healthcare system, health-
care encounters, and society at large. This has a multitude
of possible ramifications including inadequate access to
healthcare, dismissal of health concerns by the healthcare
system, living in food desserts, poor housing, disadvantaged
economic status, among others (LoGiudice, 2022). Further,
living with chronic and daily exposure to microaggressions
negatively impacts overall health (Geronimus, 1992). These
are complex factors that need to be addressed to improve the
health of childbearing American Indian and Black women.
We also observed that Hispanic and Asian/Pacific Islander
women were at a lower risk of non-obstetric causes of
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Fig. 1 Annual incidence of non-obstetric maternal mortality per 100,000 deliveries from 2000-2019 in the US
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maternal death relative to white women. To our knowledge,
there is no literature examining accidental and incidental
causes of death among Hispanic and Asian/Pacific Islander
communities; however, lower maternal mortality rates over-
all have been reported among these racial groups (Guendel-
man & Abrams, 1995; Marcus & Crane, 1985).

Our study observed that transport accidents were the
overall leading non-obstetric cause of maternal mortality,
comprising 31.3% of all non-obstetric deaths, which is con-
sistent with previous studies indicating motor vehicle acci-
dents to be the leading cause of maternal mortality related
to injury (Sakamoto et al., 2019; Vladutiu & Weiss, 2012). A
multi-state study found that about 92,500 pregnant women
were hurt annually by motor vehicle accidents in the United
States (Sirin et al., 2007), which surpassed all other non-
obstetric complications. It has been shown that physiologic
changes of pregnancy increase fatigue and sleep deprivation
in pregnant women (Rodriguez et al., 2001). These char-
acteristics, along with everyday maternal stressors, may be
associated with an increased risk of motor vehicle accidents
(McCall & Bhattacharya, 2014; Taylor & Dorn, 2006).
Despite the proven efficacy of seatbelt use at reducing inju-
ries and deaths due to motor vehicle accidents, decreased
seatbelt use during pregnancy has been observed, placing
these women at an even greater risk of injury (Lam et al.,
2016). In addition, the use of illicit substances and alcohol
may significantly increase the risk of fatal crash involve-
ment (Li et al., 2013), making substance and alcohol use
during pregnancy an even greater concern. Counseling
pregnant women regarding the connection between alcohol
and substance use on the greater risk of accidents, as well
as the importance of seatbelt use, is necessary to address
the large number of maternal deaths caused by transport
accidents. However, it should be noted that the data sources
used for our study were limited in that they did not allow
us to delve deeper into the circumstances surrounding these
deaths related to transport accidents. For instance, we were
not able to determine if the pregnant/postpartum individu-
als were driving the vehicles during the accident or whether
were they were passengers. We were also not able to deter-
mine if transport accidents were more common during preg-
nancy or during the postpartum. Further, what percentage
of fatal transport accidents involved substances or were
suicides? These are all questions that need to be studied in
forthcoming research in order to address the high proportion
of maternal deaths caused by transport accidents.

Although a large proportion of non-obstetric deaths were
attributable to motor-vehicle accidents among all racial
groups in our study, they were the most common cause of
non-obstetric death among American Indian and Hispanic
women during pregnancy and post-partum, comprising 38%
of maternal deaths in each group. Previous studies have
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shown that higher proportions of Hispanic and American
Indian pregnant women are killed in motor vehicle crashes,
compared with non-Hispanic white women (Schiff et al.,
1997). For American Indian women, rates of driver alcohol
impairment assessed by the police are much higher among
American Indian drivers and highest among rural American
Indian drivers, resulting in a greater risk of motor vehicle
accidents among these women (Gross et al., 2007; Gross-
man et al., 1997). Additionally, this racial group has lower
reported rates of seatbelt usage (Crump et al., 2019). To
address the disparity in transport accidents leading to deaths
among American Indian women, motor vehicle injury pre-
vention programs should continue to be implemented tar-
geting American Indian communities (Letourneau et al.,
2008). In particular, the CDC employed road safety inter-
ventions among four American Indian tribes between 2004
and 2009 that led to an increase in seat belt usage, as well as
a decrease in alcohol-impaired driving (West & Naumann,
2014), providing support for the continued use of these pro-
grams in the future. If true progress is to be made at reduc-
ing maternal mortality due to transport accidents, the factors
noted above must be examined in the context of historical
injustices committed against American Indian individuals
and injustices that are continued to be perpetuated (Centers
for Disease Control and Prevention (CDC), 2017). Further
research must be done to examine the reasons accounting
for the high rate of traffic accidents among Hispanic women.

Accidental poisoning/overdose, assault/homicide, and
intentional self-harm/suicide were found to be the second,
third, and fourth most prevalent causes of non-obstetric
maternal mortality in our study, representing 27.3%, 18.8%,
and 12.2% of deaths, respectively. Substance overdose was
found to be the cause of death among 33% of white women
in our study, the highest percentage of all the racial groups.
Maternal death due to substance overdose are more com-
mon among white women in the US (Schiff et al., 2018).
In the US, perinatal substance use is a major public health
dilemma with 40% of individuals with a lifetime drug dis-
order being women (Prince et al., 2023). In fact, between
2007 and 2016, pregnancy-associated mortality due to sub-
stance overdoses more than doubled in the USA (Gemmill
et al., 2019). Although our data source did not provide the
specific substances associated with the overdose-related
deaths, there is currently a public health crisis in the US due
to opiates, including synthetic opioids, such as fentanyl, in
the general population and pregnant women (Martin et al.,
2019). A recent study found that the majority of drug-related
deaths during pregnancy and the postpartum may be due to
prescription or illicit opioids (Cleveland et al., 2020). Fur-
ther, an estimated 30% of opioid dependent individuals in
the US are women of child-bearing age (Unger et al., 2010).
State-level studies that examined the incidence of substance
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overdoses and injuries as causes of maternal death also found
concerningly high numbers of cases. For instance, a study in
Colorado (Metz et al., 2016), found 30% of maternal deaths
were related to suicide or substance overdose, while another
study in Philadelphia found 40% of non-obstetric causes
of maternal death to be attributed to suicide, overdose and
assault (Mehta et al., 2016). Prevention of substance over-
doses should involve individualized, non-judgemental,
comprehensive treatment by a multi-disciplinary team pro-
viding pharmacotherapy, trauma-informed mental health
treatment, obstetric care, and parenting support (Campbell
et al., 2021). Care providers should also consider that sub-
stance users may feel stigma or have fear of prosecution,
psychiatric comorbidities, and maternal stress due to an
infant with neonatal abstinence syndrome. They may also
be experiencing intimate partner violence (IPV), defined
as physical or sexual violence, stalking or psychological
aggression by a current or former partner (Chaves et al.,
2019). Also, women at risk of substance overdose should be
provided with naloxone to take home and be educated on its
administration. Lastly, it is important to consider structural
and monetary barriers to accessing care and support, such as
health care, housing, transportation, and child care, experi-
enced by low-income women or racialized women (Ruder-
man et al., 2021).

Our study observed that pregnancy and the post-partum
period are times of great homicide risk. Studies have shown
that during these periods pregnant women have about twice
the risk of homicide compared to non-pregnant women
(Campbell et al., 2021). A review of 465,000 death certifi-
cates in the US between 2005 and 2010 found that homi-
cide during pregnancy or the postpartum was most common
among women who were young, non-Hispanic Black,
and with less education (Wallace et al., 2016). Further, it
is believed that the largest proportion, up to two-thirds,
of homicides during pregnancy or the postpartum may be
linked to IPV (Campbell et al., 2021; Cliffe et al., 2019).
IPV is associated with young age, single relationship status,
and poverty (Campbell, 2002; Ikossi et al., 2005; Shah &
Shah, 2010; Vest et al., 2002). In our study, the proportion
of deaths due to homicide was disproportionately higher for
Black women than any of other racial groups. Other stud-
ies have noted that non-Hispanic Black women who were
pregnant or postpartum were the most frequent victims of
homicide (Wallace et al., 2016). This high risk of homicide
has been attributed to the greater incidence of IPV among
Black women. In fact, a US study found that Black women
had an intimate partner homicide rate more than three-fold
higher than that of white and Hispanic women (Kivisto et
al., 2022). The US Preventive Services Task Force recom-
mends routine screening for IPV during pregnancy and the
post-partum (US Preventative Services Task Force, 2018).

However, it has been shown that such screening takes places
less than 50% of the time (Halpern-Meekin et al., 2019).
Targeted interventions including home visitation programs,
such as the “nurse-family partnership”, have proven to
help intervene with women experiencing abuse (Olds et
al., 1993) and should be routinely implemented to address
risk factors contributing to the high number of non-obstetric
maternal deaths in the US.

Suicides were the fourth most common non-obstetric
cause of maternal death in our study. Studies have found
that psychiatric depression, IPV, and substance use dis-
orders were the most significant risk factors for suicide
during pregnancy and the postpartum, which are also risk
factors for substance overdoses and homicide (Devries et
al., 2013; Mangla et al., 2019; Mehta et al., 2016; Metz et
al., 2016). Previous studies have reported higher maternal
deaths from suicide and overdose among white and Ameri-
can Indian women (Mangla et al., 2019). However, in our
study, Asian/Pacific Islanders had the greater proportion of
suicides. To our knowledge, there is little research regarding
suicides among Asian/Pacific Islanders in the US. However,
it has been shown that suicide is the leading cause of death
among Asian American women between the ages of 15-24
years (Centers for Disease Control and Prevention, 2019).
A recent study concluded that gendered racial microag-
gression stress, leading to internalized self-negativity, were
associated with increased risk of suicidal ideation in Asian
American women (Keum et al., 2023). All women should
be screened for suicidality during pregnancy and postpar-
tum (Campbell et al., 2021). Further, as many of the risk
factors for suicide overlap with the factors associated with
deaths due to substance overdose and homicide, proposed
approaches to prevent suicides are similar as noted above.

Although our study observed disparities in maternal mor-
tality by race, it is important to consider the impact of rac-
ism on adverse events. Bailey et al. consider racism as a root
cause of racial health disparities (Bailey et al., 2017). They
defined structural racism as “the totality of ways in which
societies foster racial discrimination through mutually
reinforcing systems of housing, education, employment,
earnings, benefits, credit, media, health care, and criminal
justice.” Further, Lett et al. stress that race should be consid-
ered a proxy for systemic racism and the structural and indi-
vidual components of racism impact the outcomes observed
(Lett et al., 2022). Hence, it is important to consider study
findings involving race in the context of the components of
systemic racism, including historical and societal forces.

Future research studies should aim to examine the rea-
sons for the temporal rise in non-obstetric causes of mater-
nal mortality in the US. Further, research-driven public
health interventions should be developed to address the con-
ditions associated with maternal death from non-obstetric
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causes. Ideally, research should be participatory in-nature
and racially-centered as the main non-obstetric causes vary
according to race.

Death records are a desirable source of pregnancy-related
mortality data as they are routinely collected by each state
and capture the official death details of every resident in the
nation. However, limitations arise with this data as it is pos-
sible that medical practitioners who completed the death
certificates may have unknowingly failed to report women
as pregnant or postpartum, resulting in the underestimation
of maternal deaths among these women. Further, the preg-
nancy checkbox on death certificates was only introduced
in 2003 on a voluntary basis and its use was only slowly
and gradually adopted by the individual states, which also
impacted accurate measures of maternal mortality. In our
study, we addressed this possibility by examining all ICD-
10 codes listed under the contributing causes of death in
addition to the primary cause of death. Therefore, even if
the primary cause of death failed to report the woman was
pregnant or postpartum, this information was retrieved from
contributing causes of death. Another limitation of our study
was the lack of more detailed data in the “Mortality Mul-
tiple Cause” files pertaining to subject demographics and
also data pertaining to the deaths. For instance, information
on the timing of the maternal death would have allowed
for additional analyses and provided further context to our
findings.

Our study has several strengths. This study, to our knowl-
edge, represents the largest population-based evaluation of
the contribution of non-obstetric causes of death to mater-
nal mortality in the US, providing ample statistical power to
examine longitudinal trends. Non-obstetric causes of death
have received much less attention compared with obstet-
ric complications, and the findings from this study provide
strong evidence supporting the need to address these causes
of death. All 80 million births in the US over the past two
decades were captured in the study and all maternal deaths
were verified by medical practitioners through official death
certificates, allowing the study findings to be generalized to
the American population and attesting to the validity of the
data.

In conclusion, most studies have focused their atten-
tion on obstetric causes of maternal mortality, while ignor-
ing accidental and incidental causes. Non-obstetric causes
of maternal mortality, including transport accidents and
assault, have become more prevalent in the US, represent-
ing more than one-third of all maternal mortality. Risk is
especially high in American Indian women and Black
women and therefore, public health interventions should
especially target these racial groups in order to have the
greatest impact on improving maternal outcomes. The high
proportion of deaths in pregnant and postpartum women

@ Springer

attributed to non-obstetric causes emphasizes the impor-
tance of acknowledging and addressing their role in mater-
nal mortality.

Author Contributions RSH carried out the data analyses; interpreted
the data; drafted the initial manuscript; and reviewed and revised the
subsequent drafts of the manuscript. ARS contributed to the data ana-
lytic design; interpreted the data; and reviewed and revised the manu-
script. HAA conceptualized the study; designed the study; supervised
and designed the data analyses; and critically reviewed the manuscript
for important intellectual content. All authors approved the final manu-
script as submitted and agree to be accountable for all aspects of the
work.

Funding No funding was received for this study. Ryan Huang was per-
sonally supported by a CIHR Canada Graduate Scholarship-Master’s.

Data Availability All data is freely available to the public from the
Centers for Disease Control and Prevention.

Code Availability Not applicable.

Declarations

Ethics Approval According to the Tri-Council Policy of 2018, institu-
tional ethics approval was not required for this study as it was solely
based on data from a publicly available database.

Consent to Participate Not applicable.
Consent for Publications Not applicable.

Conflicts of Interest/Competing Interests The authors report no con-
flicts of interest or competing interests.

References

Bailey, Z. D., Krieger, N., Agénor, M., Graves, J., Linos, N., & Bassett,
M. T. (2017). Structural racism and health inequities in the USA:
Evidence and interventions. Lancet, 389(10077), 1453-1463.
https://doi.org/10.1016/s0140-6736(17)30569-x.

Callaghan, W. M. (2012). Overview of maternal mortality in the
United States. Seminars in Perinatology, 36(1), 2—6. https://doi.
org/10.1053/j.semperi.2011.09.002.

Campbell, J. C. (2002). Health consequences of intimate partner Vio-
lence. Lancet, 359(9314), 1331-1336. https://doi.org/10.1016/
s0140-6736(02)08336-8.

Campbell, J., Matoff-Stepp, S., Velez, M. L., Cox, H. H., & Laughon,
K. (2021). Pregnancy-Associated deaths from Homicide, Sui-
cide, and Drug Overdose: Review of Research and the intersec-
tion with intimate Partner Violence. Journal of Women's Health
(2002), 30(2), 236-244. https://doi.org/10.1089/jwh.2020.8875.

Centers for Disease Control and Prevention (CDC). (2017). https:/
www.cdc.gov/violenceprevention/pdf/NISVS-StateRe-
portBook.pdf?fbclid=IwAROyQO0QzhbsetnNFmcg3Xf
PZB-5N241M001LQurOBINS8hEmaHijJkHGJd3U.

Centers for Disease Control and Prevention. (2019). https:/www.cdc.
gov/women/lcod/2017/nonhispanic-asian-or-islander/index.htm.

Chaves, K., Eastwood, J., Ogbo, F. A., Hendry, A., Jalaludin, B., Khan-
lari, S., & Page, A. (2019). Intimate partner Violence identified
through routine antenatal screening and maternal and perinatal


https://doi.org/10.1016/s0140-6736(17)30569-x
https://doi.org/10.1053/j.semperi.2011.09.002
https://doi.org/10.1053/j.semperi.2011.09.002
https://doi.org/10.1016/s0140-6736(02)08336-8
https://doi.org/10.1016/s0140-6736(02)08336-8
https://doi.org/10.1089/jwh.2020.8875
https://www.cdc.gov/violenceprevention/pdf/NISVS-StateReportBook.pdf?fbclid=IwAR0yQ0QzhbsetnNFmcg3XfPZB-5N241M0o1LQurOBIN8hEmaHijJkHGJd3U
https://www.cdc.gov/violenceprevention/pdf/NISVS-StateReportBook.pdf?fbclid=IwAR0yQ0QzhbsetnNFmcg3XfPZB-5N241M0o1LQurOBIN8hEmaHijJkHGJd3U
https://www.cdc.gov/violenceprevention/pdf/NISVS-StateReportBook.pdf?fbclid=IwAR0yQ0QzhbsetnNFmcg3XfPZB-5N241M0o1LQurOBIN8hEmaHijJkHGJd3U
https://www.cdc.gov/violenceprevention/pdf/NISVS-StateReportBook.pdf?fbclid=IwAR0yQ0QzhbsetnNFmcg3XfPZB-5N241M0o1LQurOBIN8hEmaHijJkHGJd3U
https://www.cdc.gov/women/lcod/2017/nonhispanic-asian-or-islander/index.htm
https://www.cdc.gov/women/lcod/2017/nonhispanic-asian-or-islander/index.htm

Maternal and Child Health Journal (2024) 28:895-904

903

health outcomes. Bmc Pregnancy and Childbirth, 19(1), 357.
https://doi.org/10.1186/s12884-019-2527-9.

Cleveland, L. M., McGlothen-Bell, K., Scott, L. A., & Recto, P. (2020).
A life-course theory exploration of opioid-related maternal mor-
tality in the United States. Addiction, 115(11),2079-2088. https://
doi.org/10.1111/add.15054.

Cliffe, C., Miele, M., & Reid, S. (2019). Homicide in pregnant and
postpartum women worldwide: A review of the literature. Journal
of Public Health Policy, 40(2), 180-216. https://doi.org/10.1057/
$41271-018-0150-z.

Crump, C. E., Letourneau, R. J., Billie, H., Zhang, X., & West, B.
(2019). Motor vehicle injury prevention in eight American
Indian/Alaska native communities: Results from the 2010-2014
centers for Disease Control and Prevention Tribal Motor Vehicle
Injury Prevention Program. Public Health, 176, 29-35. https:/
doi.org/10.1016/j.puhe.2019.07.014.

Declercq, E. (2020). Z. L. Data Brief: Maternal Mortality in
the United States: A Primer. Commonwealth Fundhttps:/
www.commonwealthfund.org/sites/default/files/2020-12/
Declercq _maternal mortality primer db.pdf.

Devries, K. M., Mak, J. Y., Bacchus, L. J., Child, J. C., Falder, G., Pet-
zold, M., Astbury, J., & Watts, C. H. (2013). Intimate partner Vio-
lence and incident depressive symptoms and Suicide attempts: A
systematic review of longitudinal studies. Plos Medicine, 10(5),
€1001439. https://doi.org/10.1371/journal.pmed.1001439.

Gemmill, A., Kiang, M. V., & Alexander, M. J. (2019). Trends in preg-
nancy-associated mortality involving opioids in the United States,
2007-2016. American Journal of Obstetrics and Gynecology,
220(1), 115-116. https://doi.org/10.1016/j.aj0og.2018.09.028.

Geronimus, A. T. (1992). The weathering hypothesis and the health
of African-American women and infants: Evidence and specula-
tions. Ethnicity and Disease, 2(3), 207-221.

Gross, E. A., Axberg, A., & Mathieson, K. (2007). Predictors of seat-
belt use in American Indian motor vehicle Crash trauma victims
on and off the reservation. Accident Analysis and Prevention,
39(5), 1001-1005. https://doi.org/10.1016/j.aap.2007.01.008.

Grossman, D. C., Sugarman, J. R., Fox, C., & Moran, J. (1997).
Motor-vehicle crash-injury risk factors among American indians.
Accident Analysis and Prevention, 29(3), 313-319. https://doi.
org/10.1016/s0001-4575(96)00085-1.

Guendelman, S., & Abrams, B. (1995). Dietary intake among Mexi-
can-American women: Generational differences and a compari-
son with white non-hispanic women. American Journal of Public
Health, 85(1), 20-25. https://doi.org/10.2105/ajph.85.1.20.

Halpern-Meekin, S., Costanzo, M., Ehrenthal, D., & Rhoades, G.
(2019). Intimate Partner Violence Screening in the prenatal
period: Variation by State, Insurance, and patient characteristics.
Maternal and Child Health Journal, 23(6), 756-767. https://doi.
org/10.1007/s10995-018-2692-x.

Heck, J. L., Jones, E. J., Bohn, D., McCage, S., Parker, J. G., Parker,
M., Pierce, S. L., & Campbell, J. (2021). Maternal mortality
among American Indian/Alaska native women: A scoping review.
Journal of Women's Health (2002), 30(2), 220-229. https://doi.
org/10.1089/jwh.2020.8890.

Hoyert, D. L., & Minifio, A. M. (2020). Maternal mortality in the
United States: Changes in Coding, publication, and Data Release,
2018. National Vital Statistics Reports : from the Centers for Dis-
ease Control and Prevention, National Center for Health Statis-
tics, National Vital Statistics System, 69(2), 1-18.

Huang, R. S., Spence, A. R., & Abenhaim, H. A. (2023). Racial dis-
parities in national maternal mortality trends in the United States
from 2000 to 2019: A population-based study on 80 million
live births. Archives of Gynecology and Obstetrics. https://doi.
org/10.1007/s00404-023-06999-6.

Ikossi, D. G., Lazar, A. A., Morabito, D., Fildes, J., & Knudson, M.
M. (2005). Profile of mothers at risk: An analysis of injury and

pregnancy loss in 1,195 trauma patients. Journal of the American
College of Surgeons, 200(1), 49-56. https://doi.org/10.1016/j.
jamcollsurg.2004.09.016.

Keum, B. T., Wong, M. J., & Salim-Eissa, R. (2023). Gendered
racial microaggressions, internalized racism, and suicidal ide-
ation among emerging adult Asian American women. Interna-
tional Journal of Social Psychiatry, 69(2), 342-350. https://doi.
org/10.1177/00207640221089536.

Kivisto, A. J., Mills, S., & Elwood, L. S. (2022). Racial disparities
in pregnancy-associated intimate Partner Homicide. J Interpers
Violence, 37, 13—14. https://doi.org/10.1177/088626052199083 1.
Np10938-np10961.

Kong, F., Wang, A., Su, J., He, J., Xie, D., Xiong, L., Sheng, X., &
Liu, Z. (2021). Accidental death during pregnancy and puer-
perium from 2009 to 2019 in Hunan, China: A cross-sectional
study. British Medical Journal Open, 11(9), €047660. https://doi.
org/10.1136/bmjopen-2020-047660.

Kozhimannil, K. B., Interrante, J. D., Tofte, A. N., & Admon,
L. K. (2020). Severe maternal morbidity and mortality
among Indigenous women in the United States. Obstetrics
and Gynecology, 135(2), 294-300. https://doi.org/10.1097/
20g.0000000000003647.

Lam, W. C.,, To, W. W,, & Ma, E. S. (2016). Seatbelt use by preg-
nant women: A survey of knowledge and practice in Hong Kong.
Hong Kong Med J, 22(5), 420-427. https://doi.org/10.12809/
hkmj164853.

Letourneau, R. J., Crump, C. E., Bowling, J. M., Kuklinski, D. M., &
Allen, C. W. (2008). Ride safe: A child passenger safety program
for American Indian/Alaska native children. Maternal and Child
Health Journal, 12(Suppl 1), 55-63. https://doi.org/10.1007/
$10995-008-0332-6.

Lett, E., Asabor, E., Beltran, S., Cannon, A. M., & Arah, O. A. (2022).
Conceptualizing, contextualizing, and Operationalizing Race in
Quantitative Health Sciences Research. Annals of Family Medi-
cine, 20(2), 157-163. https://doi.org/10.1370/afm.2792.

Li, G., Brady, J. E., & Chen, Q. (2013). Drug use and fatal motor vehi-
cle crashes: A case-control study. Accident Analysis and Preven-
tion, 60,205-210. https://doi.org/10.1016/j.aap.2013.09.001.

LoGiudice, J. A. (2022). Reducing racial disparities in maternal Health-
care: Amidwifery focus. SAGE Open Nurs,8,23779608221138430.
https://doi.org/10.1177/23779608221138430.

MacDorman, M. F., Declercq, E., Cabral, H., & Morton, C. (2016).
Recent increases in the U.S. maternal mortality rate: Dis-
entangling Trends from Measurement issues. Obstetrics
and Gynecology, 128(3), 447-455. https://doi.org/10.1097/
20g.0000000000001556.

Mangla, K., Hoffman, M. C., Trumpff, C., O’Grady, S., & Monk, C.
(2019). Maternal self-harm deaths: An unrecognized and prevent-
able outcome. American Journal of Obstetrics and Gynecology,
221(4), 295-303. https://doi.org/10.1016/j.aj0g.2019.02.056.

Marcus, A. C., & Crane, L. A. (1985). Smoking behavior among US
latinos: An emerging challenge for public health. American Jour-
nal of Public Health, 75(2), 169—172. https://doi.org/10.2105/
ajph.75.2.169.

Margerison, C. E., Roberts, M. H., Gemmill, A., & Goldman-Mellor,
S. (2022). Pregnancy-Associated deaths due to Drugs, Suicide,
and Homicide in the United States, 2010-2019. Obstetrics
and Gynecology, 139(2), 172-180. https://doi.org/10.1097/
a0g.0000000000004649.

Martin, C. E., Terplan, M., & Krans, E. E. (2019). Pain, Opioids, and
pregnancy: Historical context and Medical Management. Clin-
ics in Perinatology, 46(4), 833-847. https://doi.org/10.1016/].
¢1p.2019.08.013.

McCall, S. J., & Bhattacharya, S. (2014). High risk of traffic Crashes in
pregnancy: Are there any explanations? Cmaj, 186(10), 733-734.
https://doi.org/10.1503/cmaj.140550.

@ Springer


https://doi.org/10.1016/j.jamcollsurg.2004.09.016
https://doi.org/10.1016/j.jamcollsurg.2004.09.016
https://doi.org/10.1177/00207640221089536
https://doi.org/10.1177/00207640221089536
https://doi.org/10.1177/0886260521990831
https://doi.org/10.1136/bmjopen-2020-047660
https://doi.org/10.1136/bmjopen-2020-047660
https://doi.org/10.1097/aog.0000000000003647
https://doi.org/10.1097/aog.0000000000003647
https://doi.org/10.12809/hkmj164853
https://doi.org/10.12809/hkmj164853
https://doi.org/10.1007/s10995-008-0332-6
https://doi.org/10.1007/s10995-008-0332-6
https://doi.org/10.1370/afm.2792
https://doi.org/10.1016/j.aap.2013.09.001
https://doi.org/10.1177/23779608221138430
https://doi.org/10.1097/aog.0000000000001556
https://doi.org/10.1097/aog.0000000000001556
https://doi.org/10.1016/j.ajog.2019.02.056
https://doi.org/10.2105/ajph.75.2.169
https://doi.org/10.2105/ajph.75.2.169
https://doi.org/10.1097/aog.0000000000004649
https://doi.org/10.1097/aog.0000000000004649
https://doi.org/10.1016/j.clp.2019.08.013
https://doi.org/10.1016/j.clp.2019.08.013
https://doi.org/10.1503/cmaj.140550
https://doi.org/10.1186/s12884-019-2527-9
https://doi.org/10.1111/add.15054
https://doi.org/10.1111/add.15054
https://doi.org/10.1057/s41271-018-0150-z
https://doi.org/10.1057/s41271-018-0150-z
https://doi.org/10.1016/j.puhe.2019.07.014
https://doi.org/10.1016/j.puhe.2019.07.014
https://www.commonwealthfund.org/sites/default/files/2020-12/Declercq_maternal_mortality_primer_db.pdf
https://www.commonwealthfund.org/sites/default/files/2020-12/Declercq_maternal_mortality_primer_db.pdf
https://www.commonwealthfund.org/sites/default/files/2020-12/Declercq_maternal_mortality_primer_db.pdf
https://doi.org/10.1371/journal.pmed.1001439
https://doi.org/10.1016/j.ajog.2018.09.028
https://doi.org/10.1016/j.aap.2007.01.008
https://doi.org/10.1016/s0001-4575(96)00085-1
https://doi.org/10.1016/s0001-4575(96)00085-1
https://doi.org/10.2105/ajph.85.1.20
https://doi.org/10.1007/s10995-018-2692-x
https://doi.org/10.1007/s10995-018-2692-x
https://doi.org/10.1089/jwh.2020.8890
https://doi.org/10.1089/jwh.2020.8890
https://doi.org/10.1007/s00404-023-06999-6
https://doi.org/10.1007/s00404-023-06999-6

904

Maternal and Child Health Journal (2024) 28:895-904

Mehta, P. K., Bachhuber, M. A., Hoffman, R., & Srinivas, S. K. (2016).
Deaths from Unintentional Injury, Homicide, and Suicide during
or within 1 year of pregnancy in Philadelphia. American Journal
of Public Health, 106(12), 2208-2210. https://doi.org/10.2105/
ajph.2016.303473.

Metz, T. D., Rovner, P., Hoffman, M. C., Allshouse, A. A., Beck-
with, K. M., & Binswanger, 1. A. (2016). Maternal deaths from
Suicide and Overdose in Colorado, 2004-2012. Obstetrics
and Gynecology, 128(6), 1233-1240. https://doi.org/10.1097/
20g.0000000000001695.

National Center for Health Statistics. Vital Statistics Online Data
Portal.  https://www.cdc.gov/nchs/data_access/vitalstatsonline.
htm#Mortality Multiple.

Olds, D. L., Henderson, C. R. Jr.,, Phelps, C., Kitzman, H., & Hanks,
C. (1993). Effect of prenatal and infancy nurse home visitation on
government spending. Medical Care, 31(2), 155-174. https://doi.
org/10.1097/00005650-199302000-00006.

Petersen, E. E., Davis, N. L., Goodman, D., Cox, S., Syverson, C.,
Seed, K., Shapiro-Mendoza, C., Callaghan, W. M., & Barfield,
W. (2019). Racial/Ethnic disparities in pregnancy-related deaths
- United States, 2007-2016. Mmwr. Morbidity and Mortality
Weekly Report, 68(35), 762—765. https://doi.org/10.15585/mmwr.
mm6835a3.

Prince, M. K., Daley, S. F., & Ayers, D. (2023). Substance use in preg-
nancy. StatPearls Publishing. https://www.ncbi.nlm.nih.gov/
books/NBK542330/.

Rodriguez, A., Bohlin, G., & Lindmark, G. (2001). Symptoms across
pregnancy in relation to psychosocial and biomedical factors.
Acta Obstetricia Et Gynecologica Scandinavica, 80(3), 213-223.
https://doi.org/10.1034/j.1600-0412.2001.080003213..x.

Ruderman, R. S., Dahl, E. C., Williams, B. R., Davis, K., Feinglass, J.
M., Grobman, W. A., Kominiarek, M. A., & Yee, L. M. (2021).
Provider perspectives on barriers and facilitators to Postpartum
Care for low-income individuals. Womens Health Rep (New
Rochelle), 2(1), 254-262. https://doi.org/10.1089/whr.2021.0009.

Sakamoto, J., Michels, C., Eisfelder, B., & Joshi, N. (2019). Trauma in
pregnancy. Emergency Medicine Clinics of North America, 37(2),
317-338. https://doi.org/10.1016/j.emc.2019.01.009.

Say, L., Chou, D., Gemmill, A., Tungalp, O., Moller, A. B., Daniels,
J., Giilmezoglu, A. M., Temmerman, M., & Alkema, L. (2014).
Global causes of maternal death: A WHO systematic analysis.
Lancet Glob Health, 2(6), €323-333. https://doi.org/10.1016/
$2214-109x(14)70227-x.

Schiff, M., Albers, L., & McFeeley, P. (1997). Motor vehicle Crashes
and maternal mortality in New Mexico: The significance of seat
belt use. Western Journal of Medicine, 167(1), 19-22.

Schiff, D. M., Nielsen, T., Terplan, M., Hood, M., Bernson, D.,
Diop, H., Bharel, M., Wilens, T. E., LaRochelle, M., Walley,
A.Y., & Land, T. (2018). Fatal and nonfatal Overdose among
pregnant and Postpartum women in Massachusetts. Obstet-
rics and Gynecology, 132(2), 466—474. https://doi.org/10.1097/
20g.0000000000002734.

Shah, P. S., & Shah, J. (2010). Maternal exposure to Domestic Vio-
lence and pregnancy and birth outcomes: A systematic review
and meta-analyses. Journal of Women's Health (2002), 19(11),
2017-2031. https://doi.org/10.1089/jwh.2010.2051.

Sirin, H., Weiss, H. B., Sauber-Schatz, E. K., & Dunning, K. (2007).
Seat belt use, counseling and motor-vehicle injury during

@ Springer

pregnancy: Results from a multi-state population-based survey.
Maternal and Child Health Journal, 11(5), 505-510. https://doi.
org/10.1007/s10995-007-0190-7.

Taylor, A. H., & Dorn, L. (2006). Stress, fatigue, health, and risk of Road
Traffic Accidents among professional drivers: The contribution of
Physical Inactivity. Annual Review of Public Health,27,371-391.
https://doi.org/10.1146/annurev.publhealth.27.021405.102117.

Tri-Council Policy Statement (2018). : Ethical Conduct for Research
Involving Humans, (December.

Unger, A., Jung, E., Winklbaur, B., & Fischer, G. (2010). Gender issues
in the pharmacotherapy of opioid-addicted women: Buprenor-
phine. Journal of Addictive Diseases, 29(2), 217-230. https://doi.
org/10.1080/10550881003684814.

US Preventative Services Task Force. (2018). https://www.
uspreventiveservicestaskforce.org/uspstf/document/Recom-
mendationStatementFinal/intimate-partner-violence-and-abuse-
of-elderly-and-vulnerable-adults-screening.

Vest, J. R., Catlin, T. K., Chen, J. J., & Brownson, R. C. (2002). Mul-
tistate analysis of factors associated with intimate partner Vio-
lence. American Journal of Preventive Medicine, 22(3), 156—164.
https://doi.org/10.1016/s0749-3797(01)00431-7.

Vladutiu, C. J., & Weiss, H. B. (2012). Motor vehicle safety during
pregnancy. American Journal of Lifestyle Medicine, 6(3), 241—
249. https://doi.org/10.1177/1559827611421304.

Wallace, M. E., Hoyert, D., Williams, C., & Mendola, P. (2016).
Pregnancy-associated Homicide and Suicide in 37 US states with
enhanced pregnancy surveillance. American Journal of Obstet-
rics and Gynecology, 215(3), 364. .e361-364.e310.

Wallace, M., Gillispie-Bell, V., Cruz, K., Davis, K., & Vilda, D. (2021).
Homicide during pregnancy and the Postpartum Period in the
United States, 2018-2019. Obstetrics and Gynecology, 138(5),
762—-769. https://doi.org/10.1097/a0g.0000000000004567.

West, B. A., & Naumann, R. B. (2014). Tribal motor vehicle injury
prevention programs for reducing disparities in motor vehicle-
related injuries. MMWR Suppl, 63(1), 28-33.

World Health Organization (2010). https://icd.who.int/browse10/Con-
tent/statichtml/ICD10Volume2 _en 2010.pdf.

World Health Organization (2012). https://www.who.int/publications/i/
item/9789241548458.

World  Health  Organization
handle/10665/327595.

World Health Organization (2022). https://www.who.int/data/gho/
indicator-metadata-registry/imr-details/4622.

World Health Organization (2023). https://www.who.int/publications/i/
item/9789240068759.

(2019). https://iris.who.int/

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1007/s10995-007-0190-7
https://doi.org/10.1007/s10995-007-0190-7
https://doi.org/10.1146/annurev.publhealth.27.021405.102117
https://doi.org/10.1080/10550881003684814
https://doi.org/10.1080/10550881003684814
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/intimate-partner-violence-and-abuse-of-elderly-and-vulnerable-adults-screening
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/intimate-partner-violence-and-abuse-of-elderly-and-vulnerable-adults-screening
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/intimate-partner-violence-and-abuse-of-elderly-and-vulnerable-adults-screening
https://www.uspreventiveservicestaskforce.org/uspstf/document/RecommendationStatementFinal/intimate-partner-violence-and-abuse-of-elderly-and-vulnerable-adults-screening
https://doi.org/10.1016/s0749-3797(01)00431-7
https://doi.org/10.1177/1559827611421304
https://doi.org/10.1097/aog.0000000000004567
https://icd.who.int/browse10/Content/statichtml/ICD10Volume2_en_2010.pdf
https://icd.who.int/browse10/Content/statichtml/ICD10Volume2_en_2010.pdf
https://www.who.int/publications/i/item/9789241548458
https://www.who.int/publications/i/item/9789241548458
https://iris.who.int/handle/10665/327595
https://iris.who.int/handle/10665/327595
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/4622
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/4622
https://www.who.int/publications/i/item/9789240068759
https://www.who.int/publications/i/item/9789240068759
https://doi.org/10.2105/ajph.2016.303473
https://doi.org/10.2105/ajph.2016.303473
https://doi.org/10.1097/aog.0000000000001695
https://doi.org/10.1097/aog.0000000000001695
https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm#Mortality_Multiple
https://www.cdc.gov/nchs/data_access/vitalstatsonline.htm#Mortality_Multiple
https://doi.org/10.1097/00005650-199302000-00006
https://doi.org/10.1097/00005650-199302000-00006
https://doi.org/10.15585/mmwr.mm6835a3
https://doi.org/10.15585/mmwr.mm6835a3
https://www.ncbi.nlm.nih.gov/books/NBK542330/
https://www.ncbi.nlm.nih.gov/books/NBK542330/
https://doi.org/10.1034/j.1600-0412.2001.080003213.x
https://doi.org/10.1089/whr.2021.0009
https://doi.org/10.1016/j.emc.2019.01.009
https://doi.org/10.1016/s2214-109x(14)70227-x
https://doi.org/10.1016/s2214-109x(14)70227-x
https://doi.org/10.1097/aog.0000000000002734
https://doi.org/10.1097/aog.0000000000002734
https://doi.org/10.1089/jwh.2010.2051

	﻿Non-Obstetric Maternal Mortality Trends by Race in the United States
	﻿Abstract
	﻿Significance
	﻿Introduction
	﻿Materials and Methods
	﻿Study Design and Data Sources
	﻿Data Extraction
	﻿Statistical Analyses
	﻿Ethical Approval

	﻿Results
	﻿Discussion
	﻿References


