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IMPORTANCE Youth (those aged <18 years) parental death has been associated with negative
health outcomes. Understanding the burden of parental death due to drug poisoning
(herein, drugs) and firearms is essential for informing interventions.

OBJECTIVE To estimate the incidence of youth parental death due to drugs, firearms, and all
other causes.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional observational study was conducted
using vital registration, including all US decedents, and census data from January 1990
through December 2020. Data were analyzed from May 30, 2023, to March 28, 2024.

EXPOSURES Parental death due to drug poisoning or firearms.

MAIN OUTCOMES AND MEASURES A demographic matrix projection model was used to
estimate the number and incidence of youth experiencing parental death, defined as the
death of 1 or more parents, per 1000 population aged less than 18 years. Analyses evaluated
parental deaths by drugs, firearms, and all other causes from 1999 through 2020 by race
and ethnicity.

RESULTS Between 1999 and 2020, there were 931 785 drug poisoning deaths and 736 779
firearm-related deaths with a mean (SD) age of 42.6 (16.3) years. Most deaths occurred
among males (73.8%) and White decedents (70.8%) followed by Black (17.5%) and Hispanic
(9.5%) decedents. An estimated 759 000 (95% CI, 722 000-800 000) youth experienced
parental death due to drugs and an estimated 434 000 (95% CI, 409 000-460 000) youth
experienced parental death due to firearms, accounting for 17% of all parental deaths. From
1999 to 2020, the estimated number of youth who experienced parental death increased
345% (95% CI, 334%-361%) due to drugs and 39% (95% CI, 37%-41%) due to firearms
compared with 24% (95% CI, 23%-25%) due to all other causes. Black youth experienced
a disproportionate burden of parental deaths, based primarily on firearm deaths among
fathers. In 2020, drugs and firearms accounted for 23% of all parental deaths, double the
proportion in 1999 (12%).

CONCLUSIONS AND RELEVANCE Results of this modeling study suggest that US youth are at
high and increasing risk of experiencing parental death by drugs or firearms. Efforts to stem
this problem should prioritize averting drug overdoses and firearm violence, especially
among structurally marginalized groups.
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T he US is experiencing dual overlapping public health
crises of drug poisoning (herein, drugs) and firearm
deaths. Since 1999, more than 1 million residents of

the US have died by fatal drug poisonings and more than
750 000 by firearms.1 Most deaths by drugs and firearms are
among those aged 15 to 54 years, a period of life when many
are parents to youth, defined as those aged less than 18 years.
Recently, both drug-related mortality and firearm-related
mortality have increased among children and adolescents,
with drug-related mortality becoming the third leading and
firearm-related mortality becoming most common causes of
death in this group.2

Given this, youth face a double burden from drugs and
firearms. In addition to the direct risk of fatal drug poisonings
and firearm-related mortality, they may also experience the im-
pacts of the death of a parent by drugs and firearms. Parental
death, defined as the death of at least 1 parent, has been asso-
ciated with negative educational, economic, and health
outcomes.3-7 Further, substantial racial and ethnic disparities
in mortality translate to vastly different exposure to parental
death, resulting in disadvantages in health over the life course
and contributing to cumulative racial disadvantage.8,9

To our knowledge, there are no estimates of the number
of youth who experience parental death by drugs or firearms
in the US. Efforts to estimate the incidence of parental deaths
by drug poisoning or firearms are limited to single counties with
intensive data linkage5 or small longitudinal cohort studies.10

This cross-sectional retrospective study used a demographic
projection model and publicly available vital statistics data to
estimate the national incidence of parental death due to drugs
and firearms overall and by race and ethnicity.

Methods
The Stanford University Institutional Review Board deter-
mined that this study did not meet the criteria for human
participant research and is thus exempt from review, ap-
proval, and the need for informed consent. The Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline was followed. The data, model,
assumptions, validation, and sensitivity analyses are briefly
described herein. The eMethods in Supplement 1 provides more
detailed information. All analyses were performed using R,
version 4.2.1 (R Foundation for Statistical Computing).
Reproducible code and data are described in eAppendix 1 in
Supplement 1.

Data Sources
This modeling analysis used publicly available data from mul-
tiple sources: population estimates from the US Census Bureau,11

male fertility rates from the Human Fertility Collection,12 mor-
tality data from the National Center for Health Statistics
(NCHS),13 and female fertility rates from the NCHS.14 All data-
sets contained information from 1990 through 2020, strati-
fied by age, sex, and race and ethnicity.

In addition to the total population, Hispanic, non-
Hispanic Black (hereinafter, Black), and non-Hispanic White

(hereinafter, White) subgroups were examined. These group-
ings were selected because they had sufficient sample size
when using 1-year age groupings while being consistent with
the NCHS bridged-race categories.15 The NCHS bridged-race
process collapses 31 race categories into 4 single race catego-
ries (American Indian or Alaska Native, Asian, Black, and
White), which are used in both the NCHS mortality and fertil-
ity datasets.

Statistical Analysis
Estimating Parental Deaths Among Youth
Deaths were aggregated into 1-year age groups (each year
from age 0 to 84 years and ending at age ≥85 years) and
were identified as drug poisonings, firearm-related, or all
other causes. Mortality rates specific to age, sex, and race
and ethnicity for drugs and firearms for years 1999 through
2020 were calculated, as well as all-cause mortality rates
specific to age, sex, and race and ethnicity for years 1990
through 2020. While 1999 through 2020 is our period of
interest, data from 1990 through 1998 were used to initial-
ize the matrix projection model and obtain accurate esti-
mates of the number of children per individual in later
years. Data on male fertility rates by age and race and eth-
nicity were not available and were modeled based on overall
and female fertility rates (eMethods in Supplement 1).

Similar to approaches used to estimate familial death due
to COVID-19,16,17 a demographic matrix projection model18-20

was used to estimate the number and incidence of youth who
experienced parental death, defined as the death of at least 1
parent. Briefly, the model uses fertility and mortality rates spe-
cific to age, sex, and race and ethnicity to estimate implied
populations of surviving children to parents by age. These
populations are projected forward in time, incorporating time-
varying survival probabilities and fertility rates. The results of
the projections are combined with cause-specific death counts
to estimate the number and incidence of youth experiencing
parental death from 1999 through 2020 by race and ethnicity
as well as cause of death. For clarity, incidence is expressed
as estimated number of youth affected per 1000 population.
While birth and mortality data have no sampling error, uncer-
tainty from the underlying variability of population vital rates
and from estimates of male fertility were incorporated using
Monte Carlo simulation.

Key Points
Question What are the estimated rates of US youth (younger than
18 years) who have lost a parent due to drug poisoning or firearms?

Findings In this cross-sectional study of the US population using
publicly available data between 1999 and 2020, an estimated
1.19 million US youth had a parent die by drug poisoning or
firearms. In 2020, drugs and firearms caused 23% of all parental
deaths compared with 12% in 1999, and Black youth experienced a
disproportionate burden, mainly due to firearm deaths of fathers.

Meaning Results of this modeling study suggest that US youth are
at high and increasing risk of experiencing parental death by drugs
or firearms.
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Sensitivity Analysis and Model Validation
A key assumption of the model is that after adjusting for
year, age, sex, and race and ethnicity, fertility rates among
those who died by drug poisoning or firearms are the same
as those who did not. To evaluate the robustness of our
results to this assumption, we varied the fertility rate of
those who died by drug poisoning or firearms by 25%. This
range was selected to represent extreme but plausible val-
ues based on survey data (eAppendix 2, eFigure 1, and
eTable 1 in Supplement 1). Where possible, estimates from
the matrix projection model were validated against survey
data. Validation methods are explained in eAppendix 3 in
Supplement 1.

Results
Between 1999 and 2020, there were 931 785 drug poison-
ing deaths and 736 779 firearm-related deaths with a mean
(SD) age of 42.6 (16.3) years. Most deaths occurred among
males (73.8%; n = 1 231 420) and White decedents (70.8%;

N = 1 180 957) followed by Black (17.5%; n = 291 715) and
Hispanic (9.5%; n = 159 931) decedents. The modeling analy-
sis estimated that these deaths resulted in 759 000 (95% CI,
722 000-800 000) youth experiencing parental death due to
drugs and 434 000 (95% CI, 409 000-460 000) experiencing
parental death due to firearms, accounting for 17% of all pa-
rental deaths (Figure 1, Figure 2, and the Table).

From 1999 through 2020, 755 000 (95% CI, 713 000-
799 000) White youth experienced parental death due to
drugs or firearms, the largest number of any racial and ethnic
group. However, there was substantial variation in the rela-
tive burden by race and ethnicity (Table; eTable 2 and eFig-
ure 2 in Supplement 1). For example, in 2020, 2.08 Black
youth per 1000 population (95% CI, 1.93-2.26) experienced
parental death due to drugs or firearms compared with 1.51
White youth per 1000 population (95% CI, 1.43-1.60) and
0.80 Hispanic youth per 1000 population (95% CI, 0.73-0.88)
(eTable 3 and eFigure 2 in Supplement 1). This disparity was
primarily attributable to firearms, where 0.97 Black youth per
1000 population (95% CI, 0.90-1.06) experienced parental
deaths due to firearms compared with 0.29 White youth per

Figure 1. Estimated Number of Youth Affected by Parental Death Due to Drug Poisoning

No. of youth aged <18 y by
race and ethnicity, 1000s
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A, Estimated number of youth
affected by parental death due to
drug poisoning by race and ethnicity,
1999-2020. B, Youth affected by
parental death due to drug poisoning
per 1000 population by race and
ethnicity, 1999-2020. Numbers in
thousands of youth less than age 18
years by race and ethnicity,
1999-2020, are listed at the bottom.
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1000 population (95% CI, 0.28-0.31) and 0.21 Hispanic youth
per 1000 population (95% CI, 0.19-0.24) (Figure 2).

The causes of parental death displayed distinct trajecto-
ries. The estimated number of children who experienced
parental death due to drugs increased across all racial and
ethnic groups by 345% (95% CI, 334%-361%) from 1999
through 2020 (Figure 1B). Over the same period, parental
deaths due to firearms increased 39% (95% CI, 37%-41%)
primarily based on increases among Black youth who expe-
rienced consistently higher levels of parental deaths and
a marked acceleration beginning in 2014 (Figure 2B). As a
result, in 2020, 23% of all parental deaths were due to drugs
and firearms, double the proportion compared with 1999
(Table; eTable in Supplement 1). In addition, parental deaths
due to all other causes remained stable at approximately
3.5 youth per 1000 population with the exception of the
COVID-19 pandemic in 2020 (eFigure 3 in Supplement 1),
resulting in an overall increase of 23.6% (95% CI, 22.6%-
25.2%) (Table).

Most parental deaths occurred among fathers. In 2020,
0.99 youth per 1000 population (95% CI, 0.93-1.06) experi-

enced the death of a father due to drugs or firearms com-
pared with 0.35 per 1000 population (95% CI, 0.33-0.38) for
mothers (Figure 3; eTable 3 and eTable 4 in Supplement 1).
Over the entire study period, Black youth were at least twice
as likely to experience the death of a father by firearms com-
pared with White youth. For example, in 2020, 0.86 Black
youth per 1000 population (95% CI, 0.79-0.95) experienced
the death of a father by firearms compared with 0.24 per 1000
population (95% CI, 0.22-0.26) for White youth and 0.18 per
1000 population (95% CI, 0.16-0.21) for Hispanic youth
(Figure 3; eTable 3 in Supplement 1).

Sensitivity analyses suggests these results are robust to
modeling assumptions about the fertility rate of those who die
by drugs and firearms compared with those who die by all other
causes (eAppendix 2 in Supplement 1). For example, if those
who died by drugs and firearms had 10% lower fertility than
those who died by all other causes, the result is an estimated
1.07 million (95% CI, 1.06-1.09 million) youth who have expe-
rienced parental death due to drugs or firearms over the study
period. Conversely, a 10% higher fertility rate results in an es-
timated 1.31 million (95% CI, 1.29-1.33 million) (eFigure 5 in

Figure 2. Number of Youth Affected by Parental Death Due to Firearms

No. of youth aged <18 y by
race and ethnicity, 1000s
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Supplement 1). Validation analyses suggests the model is well-
calibrated for most race-specific estimates of prevalence of pa-
rental death across all causes but may overestimate parental
deaths among White youth and underestimate parental death
among Black youth in some years (eAppendix 3 and eFigure 6
in Supplement 1).

Discussion
This modeling analysis estimated that 1.19 million children
experienced parental death due to drugs or firearms from
1999 through 2020, with these causes accounting for ap-
proximately 17% of all parental deaths. In 2020, drugs and
firearms accounted for approximately one-quarter of all pa-
rental deaths, double the proportion in 1999. Black youth ex-
perienced the highest relative burden of parental deaths, pri-
marily because of a higher burden of firearm-related deaths
among fathers.

In addition to experiencing an increased risk of death by
drugs or firearms,21 youth are now also at high risk of experi-
encing a parental death by drugs or firearms. This has imme-

diate implications for those children who may require sup-
port from mental health services and the foster care system.
There are likely also long-term impacts as this generation of
youth ages into adulthood. These impacts are unlikely to be
distributed uniformly across the population, as deaths by
both drugs and firearms are socioeconomically patterned,
reflecting the deep history of US gun culture and structural
exclusion of groups from opportunities. While both Black
and White youth are experiencing high levels of parental
death by drugs, Black youth additionally face uniquely high
levels of parental deaths by guns, particularly for the deaths
of fathers. Parental deaths by these causes are one way
health inequities may be transmitted across generations.
Estimates of the benefit of interventions to reduce the risk of
death by drugs or firearms and their corresponding inequities
should consider the additional indirect impact these deaths
have on families.

Limitations
This study has several limitations. First, these estimates rely
on demographic projections, which assume that after adjust-
ing for age, sex, and race and ethnicity, those who die by drugs

Figure 3. Youth Affected by the Death of a Father and Mother Due to Drug Poisoning and Firearms
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A, Youth affected by the death of a father due to drug poisoning per 1000
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a mother due to drugs per 1000 population by race and ethnicity, 1999-2020.

C, Youth affected by the death of a father due to firearms per 1000 population
by race and ethnicity, 1999-2020. D, Youth affected by the death of a mother
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and firearms have the same fertility rates as those who do not.
In sensitivity analyses, these results were robust to differ-
ences in fertility rates between these groups.

Second, fertility data are limited. For example, male fertility
rates specific to age and race are not available. Therefore, this
study modeled male fertility rates but was unable to validate
the estimates. Similarly, multiracial fertility rates were not
available; therefore, models in this analysis stratified group-
ings by single race and ethnicity, which does not accurately re-
flect the reality of many living in the US.

Third, these results are based on model estimates and
direct comparisons with empirical data on parental loss by
cause were not available. However, we conducted validation
analyses and found the estimates well-calibrated with race-
specific estimates of prevalence of parental death across all
causes with 2 exceptions. This study’s estimates were lower
than survey estimates for early years among Black respon-
dents and consistently higher across all years for White re-
spondents. These differences may represent different target

populations or differences in demographic processes not cap-
tured by fertility and mortality rates.

Fourth, misclassification of both decedent and youth racial
and ethnic identity is possible. Analysis by the NCHS suggests
that misclassification for the racial and ethnic groupings exam-
ined in this study is minimal.22 This analysis assumed that the
racial and ethnic identity of the child matches that of the parent,
but some youth may identify as a different race and ethnicity.

Conclusions
Findings of this modeling study suggest that US youth are at
high and increasing risk of experiencing parental death by drugs
or firearms. Such traumatic events may cause immediate and
long-term mental health issues for the affected youth and fam-
ily members and their communities. Efforts to stem this prob-
lem should prioritize averting drug overdoses and firearm vio-
lence, especially among structurally marginalized groups.
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