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Objectives. To understand the effect of unintentional injuries (e.g., drug overdose),

suicide, and homicide on pregnancy-associated death (death during or within 1 year of

pregnancy).

Methods. We analyzed all cases of pregnancy-associated death among Philadelphia,

Pennsylvania, residents from 2010 to 2014, examining cause of death, contributing

factors, and history of health care use.

Results.Approximately half (49%; 42of 85) of pregnancy-associateddeathswere from

unintentional injuries (n = 31), homicide (n = 8), or suicide (n = 3); drug overdose was the

leading cause (n = 18). Substance usewasnotedduringor aroundevents leading todeath

in 46% (31 of 67) of nonoverdose deaths. A history of seriousmental illness was noted in

39% (32 of 82) of nonsuicide deaths. History of intimate partner violence (IPV) was

documented in 19% (15 of 77) of nonhomicide deaths. Regardless of cause of death,

approximately half of all decedents had anunscheduled hospital visit documentedwithin

a month of death.

Conclusions.Unintentional injury,homicide, andsuicidecontribute tomanydeathsamong

pregnant and recently pregnant women. Interventions focused on substance use, mental

health, and IPVmay reducepregnancy-associatedandpregnancy-relateddeaths. (AmJPublic

Health. 2016;106:2208–2210. doi:10.2105/AJPH.2016.303473)

Maternal mortality is increasing in the
United States.1 Maternal mortality

traditionally includes deaths from medical
causes directly related to pregnancy (e.g.,
hemorrhage, thromboembolism, and
hypertensive disease). Although substance
use, serious mental illness, and intimate
partner violence (IPV) also are exacerbated
by pregnancy and are known to worsen
perinatal outcomes,2–4 deaths involving
these causes are not included in current
definitions of US maternal mortality.5

Failure to record and analyze these
deaths may lead to missed opportunities
to prevent death during a critical period
when women are likely to seek health care
services.

Examining a larger group of pregnancy-
associated deaths—or those occurring
during or within 1 year of pregnancy from
any cause—may elucidate the full scope of
causes of maternal mortality. To address

this gap, we used data obtained by the
Philadelphia Maternal Mortality Review
(MMR) team to examine causes of death,
contributing factors, and hospital use patterns
in Philadelphia, Pennsylvania, in all identified
residents with pregnancy-associated death
between 2010 and 2014.

METHODS
The Philadelphia MMR reviews all

identified cases of pregnancy-associated
death. Cases are identified through

International Classification of Diseases, 10th
Revision,6 codes on the death certificate
and through linkage analysis between
maternal death certificate and infant
birth certificate. A physician or medical
examiner determines cause and manner
of death for the death certificate; manner
of death is classified as accident, homicide,
natural (referred to in this analysis as
medical), suicide, or undetermined. A
nurse abstractor summarizes available
health and social service records for each
decedent, and a social worker attempts to
interview close decedent contacts such
as a partner or family member for
supplementary information.7

We extracted cause and manner of
death, demographics, comorbidities, and
history of care use from case summaries
and performed descriptive analysis with
Stata version 13.1 (StataCorp LP, College
Station, TX).

RESULTS
The Philadelphia MMR reviewed all 85

identified cases of pregnancy-associated
death (i.e., deaths occurring during or
within a year of pregnancy from any cause;
Table 1) occurring from 2010 to 2014 in
Philadelphia. Of all deaths, 51% (43 of 85)
were frommedical causes, and 49% (42 of 85)
were from injuries or nonmedical causes.
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These included unintentional injuries (e.g.,
drug overdose), suicide, and homicide.

Among unintentional injuries (n = 31),
drug overdose was the leading direct cause of
death (58%; 18 of 31). Among suicides
(n = 3), all had a history of serious mental
illness prior to death based on recorded
diagnoses in medical records. Finally,
among homicides (n = 8), 50% (4 of 8) were
committed by intimate partners; all of these
women had a documented history of IPV
based on provider and agency records before
their death.

We also identified substance use, serious
mental illness, and IPV during or around
the events leading to death in women who
died of other causes. Recent or current drug
or alcohol use was noted in 46% (31 of 67) of
nonoverdose deaths. A history of serious
mental illness was noted in 39% (32 of 82) of
nonsuicide deaths. A history of IPV was
documented in 19% (15 of 77) of non-
homicide deaths.

Of decedents with available records,
51% (38 of 74) were documented to have
sought unscheduled medical care in an
emergency department or hospital within
1 month of their death. This percentage
was similar for women in whom substance
use (48%), mental illness (49%), and IPV
(53%) played a direct or indirect role in their
death (Figure 1).

DISCUSSION
In Philadelphia, approximately half

of all women who died during or within
1 year of pregnancy died of uninten-
tional injuries, suicide, or homicide. Of
all deaths, more than half were directly
or indirectly associated with substance
use, more than 40% were associated
with serious mental illness, and more
than 20% were associated with IPV.
These percentages are comparable to those
reported previously in other US cities
and reflect a higher prevalence of these
conditions in pregnant women compared
with all reproductive-aged women.8–10

We found that approximately half of all
decedents had a recorded unscheduled
hospital visit within a month of death,
suggesting significant missed opportunities
for prevention.

A recently published report noted that
the rate of pregnancy-related deaths in
Philadelphia residents exceeded national rates
(27.0 vs 16.0 of 100 000). Of these deaths,
only 1 was thought to be “preventable” by
health system intervention based on standard
review procedures. Efforts to define the
preventable maternal death in Philadelphia
date back to the city’s first reports onmaternal
mortality in the 1930s, which posited that
deaths were preventable if an individual
physician or hospital’s management could
have altered the outcome.7

The findings from our analysis of hospital
contacts prior to pregnancy-associated death
suggest that more deaths may be truly pre-
ventable through efforts of modern health
systems and institutions of public health. Like
other medical diseases, the trajectories of
substance use disorder, serious mental illness,
and IPV can be altered by pregnancy. One
recent analysis of national vital records sug-
gested an increased risk of homicide and
a reduced risk of suicide during pregnancy
and the postpartum period; findings were
limited by a high proportion of missing
and potentially misclassified data.11 Our
use of a local review allowed for explora-
tion of these causes of death with more
granular data.

Regardless of whether a risk factor is spe-
cifically related to pregnancy, health system
contact during pregnancy presents a unique
opportunity to identify vulnerabilities and
alter outcomes. Proven interventions exist
to help address morbidity and mortality
resulting from substance use disorder, serious
mental illness, and IPV during pregnancy.
For example, interdisciplinary perinatal
management of substance use disorder with
medication-assisted treatment and behavioral
health management has been extensively
described.2 Home visitation and integrated
psychobehavioral interventions can reduce
the risk of recurrent episodes of IPV during
pregnancy and the postpartum period.12 Ef-
forts to improve the quality of medical and
obstetric care for pregnant and postpartum
women should be broadened to incorporate
such services at the point of scheduled and
unscheduled care.

We recommend the direct involvement
of health systems and providers in
building the functional, community-
engaged systems for referral, treatment,

TABLE 1—Characteristics of Women
(n =85)WhoDiedDuringorWithin1Yearof
Pregnancy: Philadelphia, PA, 2010–2014

Characteristic

Median
(Range)
or No. (%)

Demographics

Age, y 27 (24–33)

Race/ethnicity

Non-Hispanic Black 49 (58)

Non-Hispanic White 27 (32)

Hispanic/Latina (of any race) 8 (9)

Non-Hispanic Asian/Pacific Islander 1 (1)

Insurancea

Medicaid 63 (84)

Private 5 (7)

Uninsured 7 (9)

Total no. of pregnanciesb

1 18 (21)

2 14 (16)

3 or 4 27 (32)

‡ 5 26 (31)

Timing of death

During pregnancy 26 (31)

Delivery to 6 wks postpartum 16 (19)

6 wks to 1 y postpartum 43 (51)

Manner/cause of death

Medical 43 (51)

Hemorrhage or obstetric complicationc 7 (16)

Cardiovascular 22 (51)

Infection 6 (14)

Other medical (e.g., cancer) 8 (19)

Unintentional injury 31 (36)

Drug overdose 18 (58)

Motor vehicle crash 9 (29)

Other (e.g., fire, fall) 4 (13)

Suicide 3 (4)

Homicide

Overall 8 (9)

Committed by intimate partner 4 (50)

aInsurance status was known for 88% (75 of 85)
of decedents.
bIncludes the index pregnancy (i.e., the preg-
nancy during or within 1 year of which the
woman died).
cPercentages of specific causes of death (e.g.,
hemorrhage or obstetric complication, drug
overdose, homicide by intimate partner) are
column percentages (i.e., as a percentage of all
medical/natural deaths, unintentional injuries,
or homicides, respectively). These deaths are
presented in aggregate to protect case
confidentiality.

AJPH RESEARCH

December 2016, Vol 106, No. 12 AJPH Mehta et al. Peer Reviewed Research 2209



communication, and support required to
address complex issues such as substance use
disorder, mental illness, and IPV during preg-
nancy. For example, the creation of health
information exchangesmay allow for sharingof
information about clinical and behavioral
treatment across facilities, settings, and pro-
viders. Second, providers and agencies can
engage first responders and emergency pro-
viders to implement professionally mandated
universal screening for substance use disorder,
mental illness, and IPV during pregnancy.
Third, those with unmet needs can be im-
mediately linked to evidence-based care, case
management, and social support models.7 Pilot
programs and trials in these areas have shown
promise, but emerging obstetric safety “bun-
dles” created to improve outcomes focus only
on medical contributors to death.13

PUBLIC HEALTH IMPLICATIONS
Our findings suggest that a narrow

focus on the medical causes of maternal
mortality is inadequate. This has been
recognized in part by the World Health
Organization in a 2012 recommendation

that suicide deaths be included in maternal
mortality. Even women who died from
medical causes frequently had histories
of substance use disorder, serious mental
illness, or IPV—hidden potential contrib-
utors to maternal mortality. An approach
that relies on a broader framework to define
the “preventable” pregnancy-associated
death and leverage health system contact
is vital to addressing the US maternal
health crisis.
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Note. Data exclude terminal hospitalization (i.e., the hospitalization during which death occurred, if applicable).
aSubstance use, serious mental illness (i.e., schizophrenia, other psychotic disorders, bipolar disorder, or major
depressive disorder), or intimate partner violence was noted during or around the events leading to death.
Categories are not mutually exclusive.

FIGURE 1—Time Since Last Health System Contact Among Women Who Died During or
Within 1 Year of Pregnancy: Philadelphia, PA, 2010–2014
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