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Abstract

Homicide is a leading cause of death among women who are pregnant and up to one year 

postpartum in the United States. Most incidents are perpetrated by an intimate partner with a 

firearm. Some states have implemented laws that prohibit firearm possession by perpetrators 

of domestic violence and, in some instances, include explicit statutory language mandating 

relinquishment of firearms once a person has become prohibited from possessing them. We 

examined the impact of these policies on state-level rates of homicide among pregnant and 

postpartum women during the period 2011–19. We found that state laws prohibiting possession 

of firearms and requiring relinquishment of firearms by people convicted of domestic violence–

related misdemeanors were associated with substantial reductions in homicide of pregnant and 

postpartum women. State policy makers should consider further strengthening domestic violence–

related firearm regulations and their enforcement to prevent homicide of pregnant and postpartum 

women.

Homicide is one of the leading causes of death during and after pregnancy in the US, a 

finding that has been documented for decades in populations drawn from single cities,1,2 

states,3–10 and subnational jurisdictions.9–13 Reports examining pregnancy-associated 

homicide (homicide of a woman while pregnant or within one year from the end of 

pregnancy) consistently find that a majority of these homicides are committed by an intimate 

partner,14 and most involve firearms.2,8,11,13 These conditions mirror incidences of intimate 
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partner homicide more broadly (those involving all women regardless of pregnancy status), 

where the majority involve firearms15 and where a gun in the home has been shown to be a 

key factor in the escalation of nonfatal spousal abuse to homicide.16,17

Multiple studies confirm that women who are pregnant or within one year postpartum are 

at elevated risk for homicide compared with other women of reproductive age.9,10,18,19 

Pregnancy may add stress in vulnerable relationships, and abuse may start or escalate during 

pregnancy and postpartum.8,20,21 Not only does the perinatal period appear to increase 

the likelihood of experiencing domestic violence,22 but injuries inflicted on pregnant and 

postpartum women also are more likely to be fatal.23

To supplement federal law, some states have banned possession of firearms by people 

convicted of domestic violence misdemeanors or under final domestic violence restraining 

orders. Such laws are often, although not always, coupled with policies that provide 

statutory authorization for their enforcement by explicitly requiring people who have 

become banned from possessing firearms to relinquish any in their possession to law 

enforcement or authorized gun dealers.24

A small number of studies have begun to document the impact of these state laws on rates 

of intimate partner homicide. Carolina Diez and colleagues25 found a 14 percent reduction 

in states that prohibit people subject to domestic violence–related restraining orders from 

possessing firearms and that require them to relinquish firearms in their possession. Older 

work has found smaller and inconsistent associations26,27 but suggests that effectiveness in 

reducing intimate partner–involved homicides depends on which provisions of the law are in 

place and how they are enforced.28

Given that homicide is one of the leading causes of death among perinatal women, this study 

focused specifically on the impact of state firearm possession and relinquishment laws on 

homicide in pregnant or postpartum women. These women represent a uniquely vulnerable 

population, and there is currently no evidence on the effectiveness of state firearm policies 

in reducing pregnancy-associated homicide. Such evidence may inform efforts to prevent 

maternal mortality.

In this study we applied a difference-in-differences research design to the most recently 

available data on pregnancy-associated homicide from all fifty US states to test our 

hypothesis that domestic violence–related firearm possession bans and relinquishment laws 

are associated with reductions in pregnancy-associated homicide.

Study Data And Methods

POPULATION AND DATA

We used data from the National Center for Health Statistics (NCHS) 2011–19 restricted-use 

mortality files, which include death records for every decedent residing in the United 

States. Beginning in 2003 a pregnancy checkbox was included on the standard certificate 

of death for enhanced surveillance of maternal death. The checkbox allows certifiers to 

identify the decedent as pregnant, within forty-two days from the end of pregnancy, or 
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within forty-three days to one year from the end of pregnancy at the time of death. In 2011 

(the first year of outcome measurement in this study) thirty-seven states had implemented 

the pregnancy checkbox. By 2018 every state and Washington, D.C., had done so. This 

analysis included data from all fifty states beginning in 2011 or the first full year of 

pregnancy checkbox implementation (see online appendix exhibit A1).29 Washington, D.C., 

was excluded because of missing data on relevant covariates.

OUTCOME

Pregnancy-associated homicide is defined as the homicide of a woman who is pregnant 

or within one year from the end of pregnancy at the time of her death. Our dependent 

variable of interest was the annual state-level pregnancy-associated homicide ratio (deaths 

per 100,000 live births) during the period 2011–19. We identified cases as any record with 

a pregnancy status checkbox indicating that the decedent was pregnant or up to one year 

postpartum at the time of her death and with an underlying cause of death International 
Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10), 

code for assault (X85–Y09) or manner of death indicating homicide. The annual number 

of live births in each state (the denominator) was aggregated from the NCHS restricted-

use natality files from the period 2011–19. We also identified a subgroup of pregnancy-

associated homicides—those involving firearms (ICD-10 codes X93—X95)–and estimated 

annual pregnancy-associated firearm homicide ratios per 100,000 live births in every state 

with data available during the period 2011–19.

EXPOSURE

This study evaluated two primary types of firearm laws related to domestic violence: 

prohibition of firearm possession by people convicted of a domestic violence-related 

misdemeanor, and prohibition of firearm possession by people subject to a domestic 

violence–related restraining order. We also evaluated the joint effect of these laws both with 

and without the presence of laws requiring the relinquishment of firearms among people 

prohibited from possessing them. We included relinquishment laws beginning in the first full 

year they were in effect. We lagged homicides by one year so that our models estimated 

associations between state law status in a given year and pregnancy-associated homicide in 

the subsequent year.26 Therefore, law status data covered 2010–18.

COVARIATES

All models included state and year fixed effects to control for geographic differences and 

secular trends. Additional state-level covariates were identified a priori as relevant to risk 

for homicide and maternal health outcomes and included annual estimates from the period 

2010–18. Economic indicators obtained from the Census Bureau’s American Community 

Survey included the proportion of the state population living below the federal poverty level, 

median household income, and the Gini index of income inequality.

We controlled for temporal changes in homicide by including the annual stranger homicide 

rate (cases in which the perpetrator and victim are unknown to each other) and data 

available from the Federal Bureau of Investigation’s (FBI’s) Supplementary Homicide 

Reports,30 as well as the rate of firearm-involved homicide in the total population (deaths 
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per 100,000 population) in the prior year. Given the absence of nationally representative 

data on firearm ownership in every state, we used a proxy indicator of gun ownership 

developed and validated by Michael Siegel and colleagues,31 which combines the number 

of paid permit hunting licenses per capita (from the US Fish and Wildlife Service)32 and 

the percentage of suicides involving firearms (from the Centers for Disease Control and 

Prevention’s Web-based Injury Statistics Query and Reporting System).33 Because risk for 

pregnancy-associated homicide differs by age and by race and ethnicity,9,18,34,35 we adjusted 

for differences in the demographic characteristics of the maternal population across states 

by including the percentage of births to non-Hispanic White women, non-Hispanic Black 

women, and Hispanic women and the percentage of births by maternal age. Maternal racial 

and ethnic groups were identified by self-reported race and ethnicity data from birth records. 

Finally, we included an annual policy indicator for whether the state Medicaid program 

covered family planning to capture women’s access to pregnancy prevention resources.36

STATISTICAL ANALYSIS

Descriptive statistics compared characteristics between states that never had a law in place 

and those that implemented at least one law (either a possession law or a relinquishment 

law) at some point during 2010–18. We fit multivariable linear difference-in-differences 

models to estimate changes in state-specific pregnancy-associated homicide ratios (deaths 

per 100,000 live births) associated with implementation of the firearm law or laws. We 

further explored the added impact of relinquishment laws coupled with prohibition laws by 

comparing states having a prohibition law alone with states having both prohibition and 

relinquishment laws. Each model was weighted by the number of live births by states and 

outcome years represented in the regression. Standard errors were clustered at the state level 

to control for potential serial correlation. Results include beta coefficients from both crude 

models (controlled only for state and year) and fully adjusted models (controlled for state, 

year, and all covariates).

Two states (Florida and Alabama) did not provide data to the FBI’s Supplementary 

Homicide Reports for some or all of the years included in this study and therefore were 

dropped from models that included the stranger homicide rate covariate. Because of this 

and other known issues with the Supplementary Homicide Reports data,37 we conducted a 

sensitivity analysis that refit the fully adjusted model, using the total homicide rate (available 

from the FBI’s Uniform Crime Reporting Program38 in every state for every year) instead of 

the stranger homicide rate.

Valid inference using difference-in-differences analysis requires parallel trends between 

treatment and control groups in the absence of the policy that was implemented. We tested 

this using event study models. In these models we replaced the single treatment indicator 

variable with relative time effects: three or more years before the policy change, two years 

before the policy change, the year of the policy change, and one, two, or three or more 

years after the policy change. We regressed the outcome variable on these time effect policy 

variables (omitting the year before the policy change, as is standard in event studies to avoid 

perfect collinearity)39 and all other covariates. If the estimates on the pretreatment time 

variables were statistically insignificant, we took this as evidence of parallel pre trends.
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Finally, we used a placebo test to evaluate the robustness of our findings by examining the 

association between the firearm policies and deaths due to pneumonia in the fully adjusted 

model. This model would be able to detect changes that may affect general mortality 

through channels other than firearm laws, such as changes in the health system or access 

to that health system. As there is no reason to suppose a relationship between pneumonia 

deaths and firearm restriction laws, a well-specified difference-in-differences model should 

not return a statistically significant result. Data on state pneumonia mortality rates (deaths 

per 100,000 population) were identified using ICD-10 codes for underlying cause of 

death40 and aggregated from annual mortality files. Difference-in-differences analyses were 

conducted in SAS, version 9.4, and event study graphs were constructed in Stata, version 15.

LIMITATIONS

Our study had several limitations. Two are related to the reliance on vital records as the 

sole source of national data on violent maternal death. First, death records are extremely 

limited in detail on victims’ characteristics and circumstances surrounding the death. 

Without information on circumstances, we were unable to restrict our analysis to only those 

pregnancy-associated homicides that involved intimate partner violence. Second, although 

death records are an increasingly accurate source of information on maternal death, given 

the implementation of the pregnancy checkbox, there may be probable under-ascertainment 

of pregnancy-associated homicides–for example, in cases where the pregnancy is in its 

early weeks or where the woman is not in custody of her infant. In addition, a substantial 

proportion of female decedents of reproductive age have records with unknown pregnancy 

status. For these reasons, our estimates of pregnancy-associated homicide prevalence may be 

conservative reflections of the true magnitude.

Third, substantial variation exists in the provisions of state firearm possession and 

relinquishment laws, but our modeling did not account for the variation. For example, 

some laws include provisions covering people under ex parte restraining orders, evidence 

of previous use of a firearm in a domestic violence incident, time limits by which 

mandatory relinquishment must occur, and search and seizure for banned firearms.24 

Certain provisions may make possession and relinquishment laws more or less effective 

in preventing pregnancy-associated homicide. Fourth, our study lacked sufficient power to 

stratify analyses by maternal race and ethnicity, but future work in this area is urgently 

needed given the disproportionate experience of pregnancy-associated homicide among 

Black women.34,35,41 Finally, the difference-in-differences approach accounted for time-

invariant state-level features, and we controlled for a rigorous set of additional factors 

that may influence risk for pregnancy-associated homicide. Still, the possibility of residual 

confounding by unobserved time-varying factors remains.

Study Results

Sixteen states never had either type of firearm prohibition law in effect during 2010–18, 

whereas twenty-three states had at least one law in effect (either type of prohibition, with 

or without the paired relinquishment law) during the same period (exhibit 1 and appendix 

exhibit A1).28 The remaining eleven states implemented at least one law (either a prohibition 
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law with or without a relinquishment law, or a relinquishment law to support an existing 

prohibition law) at some point during 2010–18.

Pregnancy-associated homicide mortality across all state-year observations was 2.87 deaths 

per 100,000 live births; when we limited the observations to pregnancy-associated homicides 

involving firearms, the rate was 1.81 deaths per 100,000 live births (exhibit 2). Pregnancy-

associated homicide ratios averaged 2.31 deaths per 100,000 live births in states that ever 

had at least one firearm prohibition law in effect during 2010–18 compared with 3.97 deaths 

per 100,000 live births in states that never had a law in effect. Economic conditions were 

generally better in states that ever had a firearm prohibition law.

We found no evidence of nonparallel pre trends for pregnancy-associated homicide rates in 

general (appendix exhibit A2) or with firearms specifically (exhibit 3).28 The coefficients 

on the pre period event time indicators (two years before and three or more years before) 

were small and statistically insignificant, meaning that there were no detectable differences 

in outcome trends between treatment and control groups before policy implementation. The 

coefficients on postimplementation indicators (zero, one, two, and three or more years after 

implementation) were always negative, indicating that these laws may have some lasting 

protective effect.

In the crude difference-in-differences model, firearm prohibition coupled with 

relinquishment for both people convicted of a domestic violence–related misdemeanor 

and people under domestic violence restraining orders were associated with significant 

reductions in pregnancy-associated homicide (exhibit 4). In the fully adjusted model, states 

that had both prohibited firearm possession and required firearm relinquishment by people 

convicted of a domestic violence-related misdemeanor experienced 3.74 fewer deaths per 

100,000 live births than would have been expected in the absence of either law. The 

relinquishment law was associated with 1.17 fewer deaths per 100,000 live births compared 

with the prohibition law alone. After adjustments, we did not find significant associations 

related to the prohibition law with or without the relinquishment law for people under 

domestic violence restraining orders. Patterns of association were similar for the subset 

of pregnancy-associated homicides that involved firearms, but results were not statistically 

significant.

Results did not differ substantially in models that adjusted for the total homicide rate 

instead of the stranger homicide rate, yielding an additional three to twelve observations 

across models (data not shown). Finally, the placebo tests examining the relationship 

between firearm prohibition and relinquishment laws and pneumonia mortality resulted 

in coefficients that were not statistically significant (all p > 0.05), as expected (appendix 

exhibit A3).28

Discussion

This analysis of state laws governing firearm prohibition and relinquishment related to 

domestic violence from the period 2010–18 suggests that they may be an effective 

intervention for the prevention of pregnancy-associated homicide. We identified two salient 
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findings in particular. First, we found that state laws prohibiting possession of firearms 

and requiring relinquishment of firearms in possession by people convicted of domestic 

violence–related misdemeanors were associated with substantial reductions in pregnancy-

associated homicides. The association between pregnancy-associated homicide and firearm 

prohibition laws for people under domestic violence restraining orders were in a similar 

direction, but smaller in magnitude and not statistically significant after adjustments.

Previous studies exploring the impact of laws that restrict firearm access among domestic 

violence offenders have focused on states’ rates of intimate partner homicide (which 

may include cases of pregnancy-associated homicide).25,26 These studies find that laws 

directed at people under domestic violence restraining orders are associated with the 

largest reductions in intimate partner homicide; this is less true for laws targeting people 

convicted of domestic violence misdemeanors. Given the rarity of our outcome and the 

number of state-year observations, our analysis may have been insufficiently powered 

to detect a similarly significant association with restraining order laws. After inclusion 

of a robust set of covariates, significance was marginal (p = 0.05). It may also be 

the case that for the prevention of pregnancy-associated homicide, certain provisions of 

domestic violence restraining orders are most effective24 (such as covering ex parte orders—

those issued without the opposing party present—or restricting firearm purchases),25 and 

our policy indicator did not capture that variance. In addition, unlike domestic violence 

convictions, domestic violence restraining orders require initiation by victims. If pregnant 

and postpartum women are less likely to engage the civil justice system than other women, 

prohibition and relinquishment laws would reach fewer perpetrators of violence against 

perinatal women than they would perpetrators of violence against other women.

Second, our results indicate that the effectiveness of firearm prohibition laws in preventing 

pregnancy-associated homicide is only apparent when those laws are coupled with a 

relinquishment law. In states where enforcement of prohibition among people convicted 

of domestic violence misdemeanors was not explicitly addressed in statutory language, 

there was no significant reduction in pregnancy-associated homicide. This is consistent with 

previous research on intimate partners, a group that may include pregnant and postpartum 

women, which shows that laws prohibiting firearm possession alone may be ineffective at 

removing firearms from violent offenders and preventing firearm violence against intimate 

partners.24,28 Beyond mandatory relinquishment by people prohibited from possession, 

there is a continuum of provisions that may strengthen firearm dispossession from courts 

specifying the relinquishment process, requiring proof of relinquishment, noncompliance 

penalties, and court-ordered search and seizure.24 Future work should attempt to identify 

ways to strengthen relinquishment laws.

Our results were not statistically significant in the analysis limited to cases of pregnancy-

associated homicide that involved firearms. Although effect estimates were similar in 

magnitude to and consistent in direction with the models that included all cases of 

pregnancy-associated homicide, broad, imprecise confidence intervals suggest insufficient 

power to explore subgroups within an already relatively rare outcome. Cases of pregnancy-

associated homicide involving firearms are included in the total pregnancy-associated 

homicide models, which show that firearm prohibition and relinquishment laws for people 
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convicted of domestic violence significantly reduce pregnancy-associated homicide rates. 

Furthermore, previous evidence finds that abusers who own guns inflict more severe 

abuse.42 Prohibited possession and required relinquishment laws targeting people convicted 

of domestic violence misdemeanors and people under domestic violence restraining orders 

have both been associated with lower odds of nonfatal injuries.43 As such, the implications 

of removing firearms from people prohibited from having them extend beyond the 

prevention of gun violence to include the prevention of violence perpetrated by other means 

as well.

Conclusion

An increasing number of state Maternal Mortality Review Committees are beginning to 

expand their capacity to identify and review violent maternal deaths for the purposes 

of making systems- and policy-level recommendations for prevention.44 In this analysis 

we found that state laws that prohibit firearm possession by perpetrators of domestic 

violence and that explicitly require relinquishment of firearms in possession are a promising 

intervention to reduce pregnancy-associated homicide. Further strengthening of domestic 

violence–related firearm regulations and their enforcement should be an urgent priority to 

prevent homicide of pregnant and postpartum women in the US. ■

Supplementary Material
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EXHIBIT 1. Status of state domestic violence–related firearm laws in the US, 2010–18
SOURCE Authors’ analysis of state legislation dates in all fifty states from legal review. 

NOTES Laws include prohibited possession by people convicted of a domestic violence 

misdemeanor, required relinquishment of firearms in possession by people convicted of a 

domestic violence misdemeanor, prohibited possession by people under domestic violence 

restraining orders, and required relinquishment of firearms in possession by people under 

domestic violence restraining orders. Washington, D.C., was excluded because of missing 

data on relevant covariates.
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EXHIBIT 3. Relative impacts of firearm prohibition laws on pregnancy-associated homicide 
involving firearms in the US, 2011–19
SOURCE Authors’ analysis of pregnancy-associated homicide mortality data on all fifty 

states from the National Center for Health Statistics and state legislation dates from 

legal review. NOTES Exhibit shows relative time impacts of state laws that require 

relinquishment of firearms when a person is convicted of a domestic violence–related 

misdemeanor on pregnancy-associated homicide involving firearms (deaths per 100,000 live 

births). One year before the policy change (−1 on the x-axis label) is the reference year. All 

data are from a single regression where the omitted category is the year before each state 

passes the legislation. Point estimates from a single regression are shown as dots, and 95% 

confidence intervals based on Huber-White cluster-robust standard errors at the state level 

are shown as whiskers.
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