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Abstract

Background—~Pregnant and postpartum women may be at increased risk of violent death
including homicide and suicide relative to non-pregnant women, but US national data have not
been reported since implementation of enhanced mortality surveillance.

Objective—To estimate homicide and suicide ratios among women who are pregnant or
postpartum and to compare their risk of violent death to non-pregnant/non-postpartum women.

Study Design—Death certificates (n=465,097) from US states with enhanced pregnancy
mortality surveillance from 2005-2010 were used to compare mortality among four groups of
women age 10-54: pregnant, early postpartum (pregnant within 42 days of death), late postpartum
(pregnant within 43 days to 1 year of death) and non-pregnant/non-postpartum. We estimated
pregnancy-associated mortality ratios and compared to non-pregnant/non-postpartum mortality
ratios in order to identify differences in risk after adjusting for potential levels of pregnancy
misclassification as reported in the literature.

Results—Pregnancy-associated homicide victims were most frequently young, Black, and
undereducated while pregnancy-associated suicide occurred most frequently among older White
women. After adjustments, pregnancy-associated homicide risk ranged from 2.2-6.2 per 100,000
live births, depending on the degree of misclassification estimated, compared to 2.5-2.6 per
100,000 non-pregnant/non-postpartum women aged 10-54. Pregnancy-associated suicide risk
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ranged from 1.6-4.5 per 100,000 live births after adjustments compared to 5.3-5.5 per 100,000
women aged 10-54 among non-pregnant/non-postpartum women. Assuming the most
conservative published estimate of misclassification, risk of homicide among pregnant/postpartum
women was 1.84 times that of non-pregnant/non-postpartum women (95% confidence interval:
1.71, 1.98) while risk of suicide was decreased (relative risk=0.62, 95% confidence interval: 0.57,
0.68).

Conclusion—Pregnancy and postpartum appear to be times of increased risk for homicide and

decreased risk for suicide among women in the US.

Keywords
preghancy-associated homicide; pregnancy-associated suicide; violence; pregnancy; postpartum

Introduction

Improvements in maternal health care in the US since the mid-1950s have drastically
reduced mortality due to hemorrhage, hypertension, complications of cesarean delivery, and
other obstetric causes.! Less attention has been paid to identifying and preventing injury-
related fatalities and violent deaths including homicide and suicide among pregnant women
and within the first year postpartum. Although pregnancy does not cause these deaths
physiologically, it may be related to their occurrence - particularly for deaths resulting from
intimate partner violence. Pregnancy does not appear to confer protection against
victimization 23 and in fact may add stress and exacerbate vulnerable circumstances in
abusive relationships.*

In an effort to encourage enhanced mortality monitoring beyond those deaths strictly
classified as maternal, the American College of Obstetricians and Gynecologists and Centers
for Disease Control and Prevention defined “pregnancy-associated mortality” as the death of
a woman while pregnant or within 1 year of termination of pregnancy, regardless of the site
or duration of the pregnancy and irrespective of the cause of death.® Previous studies on
pregnancy-associated mortality based on local city- or state-level data consistently find
homicide ranks among the leading causes of death among women who are pregnant or
recently postpartum, with variations by geographic area and demographic subgroup.46-14

Despite the accumulating evidence of the magnitude of violent deaths, rigorous examination
of mortality from non-obstetric causes in pregnancy and postpartum is rare, particularly in
comparison to non-pregnant women.® The 2003 revision to the US Standard Certificate of
Death included an item to classify pregnancy status of a female decedent in the year
preceding death in order to improve routine monitoring of pregnancy-associated mortality.16
Specifically, checkboxes identify the temporal relationship of death to pregnancy: during,
within 42 days, or 43 days to 1 year after pregnancy.1’ Prior to the revision, ascertainment of
pregnancy status differed across states and although some states’ certificates included a
pregnhancy checkbox, cases of deaths occurring during and around the time of pregnancy
were underreported with evidence of over 60% missing cases from some jurisdictions.18-20
National implementation of the 2003 revision has been incremental; by 2005, 22
jurisdictions had adopted the revision or maintained equivalent pregnancy items on death
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certificates. By 2010, the number had increased to 37. The purpose of this analysis was to
use these newly available data to describe mortality among four groups of reproductive aged
women in the United States from 2005-2010: pregnant, early postpartum (pregnant within
42 days of death), late postpartum (pregnant within 43 days to 1 year of death) and non-
pregnant/non-postpartum women. Second, we aimed to compare risk across demographic
characteristics of victims of pregnancy-associated violent deaths and finally to determine if
pregnancy/postpartum represents a time of increased risk for violent death.

Materials and Methods

Study Population

The National Center for Health Statistics (NCHS) provided death records for all women in
50 US states and the District of Columbia (DC) from 2005-2010, inclusive. For the purpose
of this analysis, data were limited to women age 10-54 to ensure complete coverage of the
population with reported pregnancy-associated deaths and to states and years with a
temporal pregnancy item on death records that allowed for identification of decedents who
were pregnant within 12 months of death (n=465,097). This includes 36 states and DC that
had adopted the 2003 temporal pregnancy variable or retained equivalent items for at least
one year (Table 1). Nine states were excluded for lack of a pregnancy item on records for the
study years and the remaining 5 were excluded for records that captured pregnancy status
only up to 90 days prior to death.

For jurisdictions with mid-year implementation of the revision, we limited our analyses to
the first full year of data. Five of the 37 included jurisdictions (CA, IA, KY, MN for all study
years and TX until 2006) had items asking only if the decedent had been pregnant within the
past 12 months. These states were excluded from pregnant and postpartum proportionate
mortality calculations. Where pregnant/postpartum status was unknown, we examined
International Classification of Diseases (ICD-10) codes for underlying cause of death and
identified additional maternal deaths based on codes within the Pregnancy, Childbirth, and
the Puerperium classification. Where possible, these deaths were classified temporally
(Supplemental Table 1). When temporality could not be determined, women were excluded
from proportionate mortality calculations but were included in all analyses where pregnant
and postpartum women were combined (pregnancy-associated mortality). Remaining
women with unknown pregnancy status were classified in the non-pregnant/non-postpartum
group. This analysis of de-identified death records was exempt from Institutional Review
Board approval.

Explanatory Variables

We compared women across characteristics available on the death record: age (5-year age
groups), race (non-Hispanic Black, non-Hispanic White, Hispanic, and other), marital status
(married, not married), and education (less than high school; high school graduate or GED;
greater than high school). As the education item differs across death certificate versions, the
continuous values from the 1989 certificate format (0 [no formal education] to 17 [5 or more
years of college]) were grouped with the 2003 values as follows: 0-11 years with less than
high school; 12 with high school graduate; and 13-17 with some college but no degree,
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associate’s, bachelor’s, Master’s, or PhD all grouped as greater than high school.
Stratification by education status was limited to women who were age 20 or older at time of
death as younger women may not have completed educational attainment. ICD-10 codes for
underlying cause of death were grouped as follows: natural (including obstetric and non-
obstetric diseases and conditions), transport-related injury, other injury, homicide, suicide,
and other external causes (Supplemental Table 2).

Outcome Measures

Pregnancy-associated homicide ratios were defined as the number of homicides among
pregnant or postpartum women divided by the number of live births in states and years
included in this analysis, available from annual natality data reported by the Centers for
Disease Control and Prevention.2! Likewise, pregnancy-associated suicide ratios were the
number of suicides among pregnant or postpartum women divided by the number of live
births from states and years included in this analysis. Given documented underreporting of
pregnancy status on death records,?2 we acknowledge that these mortality ratios are
underestimates of the true rates of homicide and suicide in the peripartum period; however,
their purpose is to illustrate the difference in risk across maternal demographic
characteristics. Therefore we present rate ratios (and 95% confidence intervals [CI]) for
pregnancy-associated homicide and suicide by demographic characteristic rather than
absolute rates.

Statistical Analysis

In order to determine whether pregnancy and postpartum represents a time of increased risk
for violent death, including homicide and suicide, we estimated relative risks and 95%
confidence intervals comparing pregnant/postpartum cases to non-pregnant/non-postpartum
cases with consideration for potential misclassification of pregnancy status. The quality of
death certification is largely determined by the care taken by the cause of death certifier to
properly document the causes and circumstances of death. As such, ascertainment and
reporting of pregnancy status is likely to vary across states. Fildes et al. reviewed medical
examiner records from 1986-1989 in Cook County, IL and found that 65% of the deaths to
women who were pregnant or postpartum were not identified as such on the death record.8
More recently, Horon and Cheng?2 quantified the underreporting of pregnancy/postpartum
status on death certificates from 2001-2008 in Maryland. It is important to note that the
Maryland Department of Health and Mental Hygiene implemented enhanced surveillance of
pregnancy-associated death on death records beginning in 2001, and the Maryland Maternal
Mortality Review Committee — established in 2000 — performs a detailed case review,
including review of medical examiner records and linkage of the women’s death certificates
with birth and fetal death certificates from the prior year to enhance the accuracy of
reporting.23 After rigorous case ascertainment through linkage of death records with medical
examiner records, live birth and fetal death records, they reported that more than half
(53.3%) of all pregnancy-associated deaths due to non-obstetric causes were not recorded in
the death record.

Therefore, we compared risk of homicide and suicide between pregnant/postpartum women
and non-pregnant/non-postpartum women across potential misclassification scenarios
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ranging from unadjusted (0% misclassification) to the highest published reported rate of
misclassification (65%). Figure 1 is a schematic of this procedure for homicide. We applied
the same methodology in estimating suicide risk. First, we identified the observed number of
deaths due to non-obstetric causes among women reported as pregnant/postpartum. The
number of misclassified deaths was estimated by dividing the observed number of non-
obstetric deaths among pregnant/postpartum women by 1 minus the percent misclassified in
each scenario: 0%, 25%, 53%, and 65%. The estimated number of misclassified deaths was
added to the total observed number of non-obstetric deaths in pregnant/postpartum women
for an adjusted total. The adjusted total was multiplied by the observed proportionate
mortality from homicide or suicide to derive an expected number of pregnancy-associated
homicides and suicides. The expected number of homicides or suicides among non-
pregnant/non-postpartum women was derived by subtracting the expected number among
pregnant/postpartum women from the total homicides or suicides observed in the data.
Pregnancy-associated homicide and suicide ratios were estimated by dividing the expected
number of pregnancy-associated homicides and suicides by the total number of live births in
states and years included in the analysis (n=16,750,431).2 We divided the expected number
of homicides or suicides in non-pregnant/non-postpartum women by the number of women
age 10-54 (total female population age 10-54 minus live births in states and years included
in analysis, n=351,178,576).23 For ease of presentation, we refer to both the ratios as per
100,000 population. Finally, we divided the ratio of homicide or suicide among pregnant/
postpartum women by the corresponding ratio among non-pregnant/non-postpartum women
and calculated 95% CI in order to identify significant differences in risk between the two
groups at each level of potential misclassification.

To explore whether differences in age distribution between pregnant/postpartum and non-
pregnant/non-postpartum decedents explained differences in homicide and suicide risk, we
calculated age-adjusted mortality ratios for comparison by direct standardization using the
age-specific crude rates of homicide and suicide (i.e. without adjustment for pregnancy
misclassification) among pregnant and non-pregnant women separately by age groups <20,
20-24, 25-2930-34,35-40, and =40. Age-specific mortality rates from both pregnant/
postpartum and non-pregnant/non-postpartum groups were applied to the 2000 US Standard
Population?® in order to calculate overall age-adjusted mortality ratios. It is important to
note that age-adjusted ratios are intended for comparison only. Their values do not represent
actual magnitude.

There were 737,601 deaths of women aged 10-54 in the US from 2005-2010, and 465,097
(63.1%) occurred in jurisdictions and years included in this analysis. Over one third of the
465,097 deaths indicated a pregnancy status of unknown (n=164,314; 35.3%) or not
applicable (n=16,006; 3.4%). Just over 40% of the not applicable women were in the oldest
age group (age 50-54) and 80% were over age 40, suggesting a possible age-related medical
reason for non-applicability (hysterectomy, for example). Of the remaining 284,777 women,
the vast majority were marked as not pregnant at the time of death or within the year
preceding (n=278,849, 97.9%). We identified 5,928 women who died during pregnancy or
within 1 year in states and years included in this analysis, including 259 women with
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unknown status that were reclassified based on pregnancy-associated 1CD-10 codes for
underlying cause of death. Among 364,994 records from the 37 states with detailed
temporality on death certificates, we identified 1,858 (0.5%) women who died while
pregnant, 1,225 (0.3%) within 42 days, and 1,466 (0.4%) in late postpartum.

Proportionate mortality

A majority of deaths for all women were due to natural causes, including both obstetric and
other non-obstetric conditions and diseases (Table 2). Homicide was the third most frequent
cause of death overall among pregnant women with 190 cases over the 6-year period
identifiable in these data, behind natural causes (n=1,150) and injuries (n=430, transport-
related and other injuries combined). Homicide accounted for 10.2% of mortality in
pregnancy compared to 2.1% of mortality among non-pregnant women, 2.1% and 4.6%
among early and late postpartum women. Suicide was the third most frequent cause of death
among both early and late postpartum women behind natural causes and injuries. There were
70 women who died by suicide while pregnant, 32 in early postpartum, and 102 among late
postpartum women, the group with the highest proportion of deaths attributable to suicide
(7.0%) across the four groups.

Pregnancy-associated homicide

There were a total of 364 pregnancy-associated homicides reported in the death records that
captured pregnancy status in the previous 12 months. The majority (56.3%) were firearm-
related. Adolescents were at highest risk for pregnancy-associated homicide compared to
women of any other age group (Table 3) with a greater than two-fold increase compared to
women over age 35. Pregnancy-associated homicide was over 3 times more likely to occur
in non-Hispanic Black women compared to non-Hispanic Whites. Education was inversely
related to homicide risk such that all women with at least some higher education were at
lower risk relative to women with a high school education or less among those who died at
age 20 and older. Finally, risk of pregnancy-associated homicide among unmarried women
was more than five times the risk in married women.

Pregnancy-associated suicide

There were 263 pregnancy-associated suicides reported in the records that captured
pregnancy status in the previous 12 months. Older women were at greater risk for
pregnancy-associated suicide (Table 3). Pregnancy-associated suicide was less likely to
occur in non-Hispanic Black and Hispanic women compared to non-Hispanic Whites and
more likely to occur in unmarried women.

Risk of homicide in preghant/post-partum vs. non-pregnant/non-postpartum population

Given the large number of homicides among non-pregnant/non-postpartum women,
adjustment for various levels of pregnancy misclassification did little to change the
magnitude of the estimated homicide ratio in this group which was between 2.5 and 2.6 per
100,000 population (Table 4). However, pregnancy-associated homicide estimates ranged
from the unadjusted estimate of 2.2 per 100,000 to 6.2 per 100,000 under the largest
estimate of misclassification. Relative risk and 95% CI estimates across the potential
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misclassification scenarios indicated significantly increased risk for homicide in the
peripartum period. After adjustment for the lowest published degree of misclassification
(53%), the risk of homicide among pregnant/postpartum women was 1.84 times that of non-
pregnant/non-postpartum women (95% CI: 1.71, 1.98). Assuming an even more conservative
estimate of misclassification (25%) pregnant/postpartum women still experienced a 11%
increase in homicide risk (95% CI: 1.01, 1.21).

Risk of suicide in pregnant/postpartum vs. non-pregnant/non-postpartum population

As with homicide, the suicide ratio per 100,000 population among non-pregnant/non-
postpartum women was relatively unchanged across each level of potential pregnancy
misclassification from 5.3 to 5.5 (Table 4). Pregnancy-associated suicide ratios ranged from
1.6 in the crude estimate to 4.5 after accounting for misclassification, yielding significantly
lower risk estimates relative to non-pregnant/non-postpartum women across all
misclassification scenarios. Assuming 25% misclassification suggested a 62% decreased risk
during the peripartum period (RR=0.38 95% CI: 00.35, 0.43).

Age-adjusted mortality rates

Comparison of age-adjusted homicide mortality ratios was consistent with the previous
findings. The age-adjusted homicide ratio was higher among women in the peripartum
period (2.9 per 100,000 population vs. 2.7 per 100,000 population among non-pregnant/non-
postpartum women) even without adjustment for pregnancy misclassification. The age-
adjusted pregnancy-associated suicide ratio was lower relative to suicide among non-
pregnant/non-postpartum women (2.8 per 100,000 population vs. 5.5 per 100,000
population, respectively).

Comment

Suicide and homicide are substantial contributors to mortality among young women of
reproductive age in the US representing the fourth and fifth leading causes of death.28 In this
first analysis of death records since the implementation of enhanced surveillance provided
by the 2003 revision, young women, non-Hispanic Black women, and undereducated
women were at greatest risk of pregnancy-associated homicide, while pregnancy-associated
suicide was more likely to occur in older and non-Hispanic White women. This is reflective
of trends in homicide and suicide victimization in the general population. 2728 |n addition,
we find evidence to suggest that the risk for homicide may be elevated during pregnancy and
postpartum while risk for suicide is decreased. Differences in age-distributions between the
two populations did not explain these findings, which were robust to misclassification
assumptions half the most conservative published estimates.

These results add to the sparse literature aiming to shed light on violent causes of death in
and around pregnancy. After adjustments, our estimated rates of pregnancy-associated
homicide (2.9-6.2 per 100,000 population) are higher than the 1.7 per 100,000 live births
reported by the Pregnancy Mortality Surveillance System (PMSS) from 1991-1999.2° This
discrepancy may be due to enhanced case ascertainment since the 1990s (the PMSS data
were based on death records and, in some but not all cases, linked live birth or fetal death
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records). Other studies on pregnancy-associated homicide have reported rates per 100,000
ranging from 8.6 in Tennessee from 1989 to 1991 (postpartum only),® 9.3 in Maryland
1993-2008,% 2.9 in North Carolina from 2004-2006,3° and 2.9 in 17 states participating in
the National Violent Death Reporting System (NVDRS) from 2003-2007 (SC, GA, NC, VA,
NJ, MD, AK, MA, OR, CO, OK, RI, WI, CA, KT, NM, UT).31 Although we find similar
rates of pregnancy-associated homicide, Samandari et al.3% concluded that the risk of
homicide was decreased among pregnant/postpartum women in North Carolina based on a
homicide rate of 4.9 per 100,000 in the referent non-pregnant/non-postpartum population.
This estimate is notably higher than the national rate among all women reported by the
Centers for Disease Control and Prevention, National Center for Injury Prevention and
Control from 20052010 (2.9 per 100,000),26 as well as our estimated range of 2.5-2.6
among the 37 states included in this analysis.

Fewer studies have examined the rates of pregnancy-associated suicide and report rates per
100,000 that fall within our estimated range of 2.1-4.5, including 3.2 in Tennessee from
1989 to 1991 (postpartum only),® 2.8 in North Carolina from 2004—2006,3° and 2.0 in
NVDRS states.31 Where comparisons were available, sparse evidence suggests that
pregnant/postpartum women may be at the same or lower risk for suicide compared to non-
pregnant/non-postpartum women, consistent with our finding.3% 32 Given the
disproportionate burden of suicide among late postpartum women in particular, there may be
important heterogeneity that is masked by calculating pregnancy-associated risk as defined
(pregnant and postpartum combined).33 The acute increase in depression that occurs
postpartum — which may in turn exacerbate thoughts of self-harm3* — warrants a closer
examination of suicide risk in postpartum women.

Our biggest limitation is the quality and completeness of the data. Among the 37
jurisdictions included, a significant proportion of records were marked unknown data despite
the presence of temporal pregnancy items. We therefore rely on published data to support
assumptions of misclassification in order to estimate rates and compare risks. Grouping the
unknown pregnancy status women with non-pregnant/non-postpartum women is reasonable
given the magnitude of this group. It is also a conservative approach as the unknown group
had higher rates of homicide and suicide compared to non-pregnant/non-postpartum and
therefore would attenuate risk compared to pregnant/postpartum women.

Further, although this analysis includes a majority of US states, our estimated mortality
ratios may not reflect the national rates of pregnancy-associated homicide and suicide.
However, the 2005-2010 homicide and suicide ratios among all women age 10-54 were
similar between the 14 states excluded from analysis and those included (homicide ratios:
3.0 per 100,000 population in excluded states, 2.9 per 100,000 in included states; suicide
ratios 6.1 per 100,000 in excluded states vs. 5.7 per 100,000 in included).

While sources such as the PMSS and NVDRS offer additional evidence on violent death
during pregnancy, they are either not nationally-representative (NVDRS) or lack adequate
information to draw comparisons between pregnant/postpartum and other women of
reproductive age (both). Death certificates can overcome these deficiencies as states
continue efforts to improve ascertainment of pregnancy status.
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It is impossible to determine if pregnancy-associated violent deaths would not have occurred
in the absence of pregnancy; however, the significant role intimate partner violence and
conflict plays in many cases of pregnancy-associated homicide and suicide*31: 35-39,
suggests that pregnancy may be an additional stressor in already vulnerable circumstances,3°
or that these deaths may be the conclusion of a cycle of physical and sexual abuse that ends
during pregnancy.3’ What is clear is that pregnancy may be a potentially important window
of opportunity to identify women who are at risk for homicide and suicide, especially those
who might not otherwise be in contact with health care and social services. Screening and
counseling for interpersonal and domestic violence are among the suite of women’s
preventative services recommended by the Institute of Medicine for inclusion in insurance
coverage mandates under provisions of the Patient Protection and Affordable Care Act of
2010.40 With mandatory coverage and zero cost-sharing now in effect, a significant barrier
to care has been removed and physicians should be encouraged to screen and refer women to
local agencies specializing in violence prevention. The American College of Obstetricians
and Gynecologists has published suggested practices for violence screening among women
in obstetric care — including sample screening questions and strategies for performing
culturally-relevant, non-judgmental routine assessments.* While homicide and suicide
events during pregnancy and postpartum are rare, enhanced identification and surveillance
may raise awareness among providers of these potentially preventable deaths.
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Pregnant/postpartum homicide ratio

Observed number of . Expected
non-obstetric deaths to Adjusted number of Obsenved Expecisd regnancy-
pregnant/postpartum non-obstetric deaths proportionate number of Zss%ciatesél
Women = among x mortality from = pregnancy- | Live births = . ,
pregnant/postpartum pregnancy- associated homicide ratio
(1-%misclassified®) women associated homicide homicides p;;;u?g{gao

Non-pregnant/non-postpartum homicide ratio

Expected non-

Expected number of pregnant/non-
N Expected number of non-pregnant/non- Women age postpartum

Total homicides (all women) - pregnancy.-gssouated = postpartum I 10-54 minus = homicide ratio
homicides homicides live births per 100,000
population

Figure 1.
Procedure for estimating homicide ratios with adjustment for misclassification.

a Potential percents misclassified tested include 0%, 25%, 53%, and 65%.
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Table 1

States and years for records included in analysis.

Years States

2005-2010 CT, FL, ID, KS, MI, MT, NE, NH, NJ, NY, OK, SC, SD, UT, WA, WY,
Excluded from proportionate mortality for lack of detailed temporality: CA,IA,
KY, MD, MN, TX (2005 only)

2006-2010 DC, NM, OR, RI

2007-2010 DE, OH

2008-2010 AR, GA, IL, IN, NV, ND

2009-2010 VT

2010 AZ, MO

Excluded from analysis
Cannot identify late postpartum (pregnancy within past 12 months): AL, LA,MS, VA
Utilized pregnancy prompt, not question: ME
No pregnancy information: AK, CO, HI, MA, NC, PA, TN, WV, WI
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