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Abstract

IMPORTANCE Life expectancy has decreased in the US, driven largely by increases in drug
poisoning, suicide, and alcohol-induced deaths. Assessing whether patterns of these causes differ is
required to inform public health interventions.

OBJECTIVE To compare patterns and trends in drug poisoning, suicide, and alcohol-induced death
rates by geography and demographic characteristics.

DESIGN, SETTING, AND PARTICIPANTS This serial cross-sectional study used national vital
statistics data from the entire US population from January 1, 2000, to December 31, 2017, among US
residents aged 20 to 64 years. Data were analyzed from January through August 2019.
EXPOSURES Age, sex, race/ethnicity, county-level percentage of unemployment, rurality, and
geography.

MAIN OUTCOMES AND MEASURES Deaths were categorized as due to drug poisoning, suicide, or
alcohol-induced causes based on underlying cause of death. Age-standardized incidence rates and
annual percentage changes (APCs) in rates were estimated. Clusters of high-rate counties were
identified with hot spot analysis. Excess deaths during 2001 to 2017 were estimated for each cause
as the difference between the number of deaths observed and expected if rates had remained stable
starting in 2000.

RESULTS During 2000 to 2017, 1446 177 drug poisoning, suicide, and alcohol-induced premature
deaths occurred in the US, including 563 765 drug poisoning deaths (age-standardized rate: 17.6 per
100 000 person-years [PYs]), 517 679 suicides (age-standardized rate: 15.8 per 100 000 PYs), and
364 733 alcohol-induced deaths (age-standardized rate: 10.5 per 100 000 PYs), totaling 451596
more deaths than expected based on 2000 rates. High drug poisoning death rates were clustered in
the Northeast through Appalachia, yet rates of suicide and alcohol-induced deaths were highest in
the West. Only suicide death rates were highest in rural areas. Drug poisoning death rates were
highest among people aged 35 to 49 years (age-standardized rate: 23.7 per 100 000 PYs), whereas
suicide and alcohol-induced death rates peaked among people aged 50 to 64 years (suicide
age-standardized rate: 19.6 per 100 000 PYs; alcohol-induced age-standardized death rate: 26.8 per
100 000 PYs). Increases occurred over time across racial/ethnic groups, although trajectories and
inflection years varied. Drug poisoning (2013-2017 APC, 15.0% [95% Cl, 11-8%-18.3%] per year) and
alcohol-induced death rates (2012-2017 APC, 4.1% [95% Cl, 3.3%-4.9%] per year) have accelerated
recently, while increases in suicide death rates have largely increased at a constant trajectory
(2000-2017 APC, 1.8% [95% Cl, 1.7%-1.9%] per year).

(continued)
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Abstract (continued)

CONCLUSIONS AND RELEVANCE This cross-sectional study found that demographic
characteristics and geographic patterns varied by cause of death, suggesting that increasing death
rates from these causes were not concentrated in 1 group or region. Specialized interventions
tailored for the underlying drivers of each cause of death are urgently needed.

JAMA Network Open. 2020;3(9):e2016217. doi:10.1001/jamanetworkopen.2020.16217

Introduction

Death rates in the United States have been increasing in some groups of middle-aged White and
American Indian and Alaska Native men and women,' largely driven by rapidly increasing death
rates from drug poisonings, suicide, and alcohol-induced causes.’® Although all-cause midlife
mortality among Black, Latino, and Asian and Pacific Islander individuals started decreasing in 1999,
these decreases ended in 2009 to 2011.* Increases in midlife mortality resulted in annual declines in
US life expectancy from 2015 to 2017.58

By 2017, death rates due to drug poisonings had increased 3.6-fold and those due to suicide had
increased 1.3-fold since 1999, while alcohol-induced deaths increased 1.4-fold during 1999 to 2017.5™
Collectively, these 3 causes of death have been termed deaths of despair and have been largely
discussed in relation to rising death rates among White men and women without a college degree.®
It is important to note that increases in death rates due to these causes have not been restricted to
middle-aged White individuals in nonurban America. In fact, death rates from these causes increased
from 2015 to 2016 across all racial/ethnic groups.*°1012

It has been hypothesized that the root cause of these increases is societal, driven by increasing
unemployment and financial insecurity.> However, the underlying drivers of these causes of death
are likely multifaceted and also include more distal factors (eg, access to drugs or handguns). To
target interventions to high-risk groups, whether economically, clinically, or public health-focused, it
is critical to understand if the highest rates and greatest increases over time in drug poisoning,
suicide, and alcohol-induced death rates have occurred in the same demographic groups and
geographic areas. In this study, we compared death rates and trends in rates from these 3 causes by
geography, age, race, and ethnicity. We used US death certificate data for premature death (ie, ages
20-64 years) from drug poisonings, suicide, and alcohol-induced causes and conducted hot spot
and trend analyses for each cause.

Methods

This cross-sectional study used publicly available data; therefore, institutional review board approval
and informed consent were not needed, per National Cancer Institute policy.

Data Sources

Cause-specific US mortality and demographic data for January 1, 2000, to December 31, 2017, were
collected from death certificates by the National Center for Health Statistics, Centers for Disease
Control and Prevention. Cause of death was classified based on International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision (ICD-10) codes (eTable 1in the
Supplement).™ Race/ethnicity was also ascertained from death certificates and classified as
non-Hispanic White (ie, White), Hispanic or Latino (ie, Latino), non-Hispanic Black (ie, Black), Asian
and Pacific Islander (ie, Asian; notably <4% were Native Hawaiian or other Pacific Islander) and
American Indian and Alaska Native. Population data were drawn from the US Census intercensal
populations. Analyses for American Indian and Alaska Native individuals were limited to counties
within the purchased/referred care delivery areas to increase accuracy of American Indian and Alaska
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Native race/ethnicity on death certificates.™ All analyses were restricted to individuals aged 20 to 64
years to focus on the age range most strongly impacted by these causes of death.

County-level percentages of people who were unemployed (ie, percentage of civilians aged =16
years in the labor force who were unemployed) were ascertained from the 2013 to 2017 Census
American Community Survey and classified in quintiles based on population distribution across
counties. Counties were categorized using a collapsed version of the 2013 Rural-Urban Continuum
codes developed by the Department of Agriculture.”®

Statistical Analysis
We compared age-standardized death rates from 2013 to 2017 and annual percentage changes
(APCs) in age-standardized death rates from 2000 to 2017 to assess whether the highest absolute
rates and most rapid increases in death rates were the same or different for drug poisonings, suicide,
and alcohol-induced deaths across demographic groups and county-level characteristics. Thus,
age-standardized drug poisoning, suicide, and alcohol-induced death rates were estimated by sex,
age group (ie, 20-34, 35-49, and 50-64 years), race/ethnicity, county-level percentage of
unemployment (ie, =5.10%, 5.11%-5.95%, 5.96%-6.89%, 6.90%-7.96%, and =7.97%) and county
rural/urban status (ie, metropolitan with =1million people, metropolitan with 250 000 to <1 million
people, metropolitan with <250 000 people, urban with =20 000 people, urban with 2500 to
<20 000 people, and completely rural with <2500 people). All rates were standardized in 5-year age
groups to the 2000 US population, as is standard practice in mortality trends analyses.” The number
of excess deaths occurring during 2001to 2017 was estimated as the difference between the number
of observed deaths and the number of deaths expected if rates had remained stable from 2000 to
2017. Expected deaths were estimated by multiplying age-specific 2000 death rates by the
population size in each subsequent year. Hot spot analysis was used to identify clusters of counties
within the US with significantly higher or lower age-standardized death rates for each cause during
2013 to 2017 with the Hot Spot Analysis (Getis-Ord Gi*) method'® using ArcGIS Pro version 2.2 (Esri).
To compare changes over time in drug poisoning, suicide, and alcohol-induced death rates, we
estimated APCs and average APCs in death rates during 2000 to 2017 using Joinpoint regression
software.”” Joinpoint uses a log-linear model to estimate APCs for segments of calendar years
defined based on statistically significant changes in rate trajectories over time. Pairwise comparisons
of APCs for each cause of death were assessed with a test for parallelism. P values were 2-sided, and
statistical significance was set at P < .05. Data were analyzed from January through August 2019.

Results

Differences by Population Characteristics

During 2000 to 2017, 563 765 drug poisoning deaths (age-standardized rate: 17.6 deaths per

100 000 person-years [PYs]), 517 679 suicides (age-standardized rate: 15.8 deaths per 100 000 PYs)
and 364 733 alcohol-induced deaths (age-standardized rate: 10.5 deaths per 100 000 PYs) occurred
among individuals aged 20 to 64 years (1.8 billion PYs of follow-up) in the United States.

In 2013 to 2017, death rates were consistently higher among men than women for each cause-
of-death (Figure 1A). Drug poisoning death rates were highest among individuals aged 35 to 49 years
(age-standardized rate: 23.7 deaths per 100 000 PYs), whereas suicide and alcohol-induced death
rates increased with age. Suicide death rates peaked among people aged 50 to 64 years (age-
standardized rate: 19.6 deaths per 100 000 PYs). Alcohol-induced death rates among individuals
aged 50 to 64 years (age-standardized rate: 26.8 deaths per 100 000 PYs) were on par with drug
poisoning death rates among those aged 35 to 49 years (Figure 1B).

In 2013 to 2017, drug poisoning death rates were highest among American Indian and Alaska
Native individuals (36.9 deaths per 100 000 PYs) and White individuals (32.6 deaths per 100 000
PYs), followed by Black individuals (21.1 deaths per 100 000 PYs). Suicide rates were highest among
American Indian and Alaska Native individuals (34.0 deaths per 100 000 PYs) and White individuals
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(22.7 deaths per 100 000 PYs) and far exceed those in the other racial/ethnic groups (approximately
8 deaths per 100 000 PYs). Alcohol-induced death rates were higher among American Indian and
Alaska Native individuals (93.1 deaths per 100 000 PYs) than White individuals (12.9 deaths per
100 000 PYs) and Latino individuals (12.2 deaths per 100 000 PYs), the 2 groups with the next
highest rates (Figure 1C).

Differences by Context
Stratified by county-level percentage of unemployment, drug poisoning and alcohol-induced death
rates were highest in counties in the highest quintile of unemployment and lowest in the lowest
quintile. However, suicide rates were highest in counties in the lowest quintile of unemployment and
lowest in the second highest quintile of unemployment (Figure 2A).

Patterns differed between urban and rural counties (Figure 2B). Drug poisoning death rates
were similar with no clear gradient by rurality (range, 22.7-27.8 deaths per 100 000 PYs), whereas
suicide rates were highest in rural counties (age-standardized death rate: 26.4 per 100 000 PYs), and

Figure 1. Age-Standardized Death Rates Per 100 000 Person-Years for Drug Poisoning, Suicide, and Alcohol-Induced Deaths From 2013 to 2017
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Figure 2. Age-Standardized Death Rates Per 100 000 Person-Years for Drug Poisoning, Suicide, and Alcohol-Induced Deaths From 2013 to 2017
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alcohol-induced deaths were highest in the smallest metropolitan (age-standardized death rate: 14.6
per 100 000 PYs) and largest urban (age-standardized death rate: 14.6 per 100 000 PYs) counties.
Suicide rates were higher than drug poisoning death rates in rural counties.

Hot spot analysis identified statistically significant clusters of US counties with high (hot spots)
and low (cold spots) drug poisoning, suicide, and alcohol-induced death rates (Figure 3). The largest
significant cluster of counties with elevated drug poisoning death rates extended from the Northeast
into Ohio, Indiana, Kentucky, Tennessee, West Virginia, and parts of Virginia and North Carolina.
Additional significant hot spots were identified in New Mexico, Colorado, Utah, and Oklahoma. In
contrast, the significant hot spots in suicide and alcohol-induced death rates were largely confined to
the western half of the US, with hot spots for both causes of death from Montana and North Dakota
to New Mexico and Arizona. Hot spots for of all 3 causes were present in New Mexico and Colorado.

For drug poisoning deaths, there were significant clusters of counties with lower death rates
that extended from North Dakota and Minnesota south through Texas and then east from Texas to
Georgia and South Carolina. Lower suicide rates clustered along the East coast, and lower alcohol-
induced death rates clustered from Missouri east through Pennsylvania and from Louisiana east
through Georgia. Cold spots for all three causes were present in Mississippi, Alabama, and Georgia.

Trends Over Time

Statistically significant differences in APCs were observed across causes of death (eTable 2 in the
Supplement). Drug poisoning death rates increased 11.4% (95% Cl, 8.7%-14.2%) per year during
2000 t0 2006, 2.5% (95% Cl, 0.6%-4.5%) per year during 2006 to 2013, and sharply accelerated to

Figure 3. Hot Spot Analysis From 2013 to 2017
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15.0% (95% Cl, 11.8%-18.3%) per year during 2013 to 2017 (eFigure in the Supplement; Table). In
contrast, alcohol-induced death rates started increasing during 2005 to 2012 (APC, 2.1% [95% ClI,
1.5%-2.8%] per year) and accelerated to 4.1% (95% Cl, 3.3%-4.9%) per year during 2012 to 2017.
Suicide rates increased steadily at 1.8% (95% Cl, 1.7%-1.9%) per. These increases indicate an
additional 451596 deaths, including 317 848 drug poisoning deaths, 85 769 suicide deaths, and
47 978 alcohol-induced deaths, during 2001 to 2017 more than what would have occurred if the
death rates in 2000 had persisted.

Of the 3 causes of death, drug poisoning deaths increased the most rapidly among both men
(average APC, 8.3% [95% Cl, 7.0%-9.7%] per year) and women (average APC, 9.7% [95% Cl, 8.1%-
11.3%] per year), with the largest increases observed during 2013 or 2014 to 2017 (Table). Suicide
rates increased 1.6% (95% Cl, 1.4%-1.7%) per year among men and 2.6% (95% Cl, 2.5%-2.8%) per
year among women throughout the time period. Alcohol-induced death rates began increasing in
2005 among men and in 2000 among women and accelerated in more recent years (men: 2011-2017
APC, 3.2% [95% Cl, 2.6%-3.8%] per year; women: 2007-2017 APC, 4.8% [95% Cl, 4.3%-5.4%] per
year). For each cause of death, APCs differed significantly from each other among men and women
(eTable 2 in the Supplement).

Drug poisoning death rates increased in each racial/ethnic group during 2000 to 2017, except
for Black individuals, among whom rates declined during 2006 to 2010, and then increased (Table;
eFigure in the Supplement). Suicide rates increased 1.9% (95% Cl, 1.5%-2.3%) per year among Asian
individuals and 3.1% (95% Cl, 2.5%-3.6%) per year among American Indian and Alaska Native
individuals during 2000 to 2017. Among Latino individuals, suicide rates increased 0.5% (95% Cl,
0%-1.0%) per year during 2000 to 2013 and 4.8% (95% Cl, 2.5%-7.3%) per year during 2013 to 2017.
Increases in suicide rates among White and Black individuals were more variable over time, with
significant increases observed in both groups in the most recent time period (White individuals from
2008-2017: 2.2% [95% Cl, 1.8%-2.6%] per year; Black individuals from 2015 to 2017: 9.6% [95% Cl,
6.6%-12.6%] per year). While alcohol-induced death rates significantly increased across 2000 to
2017 among White (APC, 3.1% [95% Cl, 2.8%-3.4%], Asian (APC, 2.5% [95% Cl, 1.7%-3.2%] per year),
and American Indian and Alaska Native (APC, 4.0% [95% Cl, 3.6% to 4.5%] per year) individuals,
significant increases were only observed during 2012 to 2017 among Black individuals (APC, 2.9%
[95% Cl, 1.3%-4.5%] per year) and Latino individuals (APC, 2.6% [95% Cl, 1.4%-3.7%] per year).
Annual percentage changes in death rates due to drug poisonings, suicide, and alcohol-related
causes differed significantly within each racial/ethnic group (eTable 2 in the Supplement), except for
APCs for suicide and alcohol-induced causes among Asian individuals, which were parallel.

Drug poisoning (average APC range, 3.1% to 17.6% per year), suicide (average APC range, 0.3%
to 3.6% per year), and alcohol-induced death rates (average APC range, -4.3% to 6.1% per year)
increased significantly during 2000 to 2017 in nearly every state and Washington, District of
Columbia. (Figure 4). However, the states with the most rapid increases differed by cause of death.
The most rapid increases were observed in New Hampshire (average APC, 17.6% [95% Cl, 5.6%-
30.9%] per year) and Indiana (average APC, 15.7% [95% Cl, 13.7%-17.7%] per year) for drug poisoning
deaths, North Dakota (average APC, 3.6% [95% Cl, 2.9%-4.4%] per year) and New Hampshire
(average APC, 3.6% [95% Cl, 2.6%-4.7%] per year) for suicide, and lowa (average APC, 6.1% [95% ClI,
5.4%-6.8%] per year) and Nebraska (average APC, 5.5% [95% Cl, 4.6%-6.5%] per year) for alcohol-
induced deaths.

Discussion

This cross-sectional study found that drug poisoning, suicide, and alcohol-induced death rates each
increased dramatically among individuals aged 20 to 64 years in the US during 2000 to 2017.
However, the demographic groups and geographic areas with the highest death rates and strongest
increases over time differed by cause of death. Thus, these 3 causes of death should be considered
separately when targeting public health interventions toward populations at the highest risk.
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Table. Annual Percentage Changes in Drug Poisoning, Suicide, and Alcohol-Induced Death Rates by Sex, Age Group, and Race/Ethnicity From 2000 to 2017

pEER A Segment 1° Segment 2° Segment 3? Segment 4?
Cause of death 2000-2017) Years APC (95%Cl)  Years APC (95% CI) Years APC (95%Cl)  Years APC (95% CI)
Overall
Drug poisoning 8.5(7.2to 2000-2006 11.4 (8.7 to 2006-2013 2.5(0.6to 2013-2017 15.0(11.8to0 NA NA
9.8) 14.2) 4.5) 18.3)
Suicide 1.8(1.7 to 2000-2017  1.8(1.7to NA NA NA NA NA NA
1.9) 1.9)
Alcohol 2.0(1.7to 2000-2005 -0.1(-1.0to 2005-2012 2.1(1.5t0 2012-2017 4.1(3.3t0 NA NA
2.4) 0.8) 2.8) 4.9)
Men
Drug poisoning 8.3(7.0to 2000-2006 10.0 (7.3 to 2006-2013 1.9(0.0to 2013-2017 17.7(14.3t0 NA NA
9.7) 12.8) 4.0) 21.2)
Suicide 1.6(1.4t0 2000-2017 1.6(1.4to NA NA NA NA NA NA
1.7) 1.7)
Alcohol 1.5(1.1to 2000-2005 -0.3(-1.2to 2005-2011 1.3(0.5to 2011-2017 3.2(2.6to NA NA
1.9) 0.6) 2.2) 3.8)
Women
Drug poisoning 9.7(8.1to 2000-2002 27.0(12.6to 2002-2007  10.2(7.2to 2007-2014 3.9(2.6to 2014-2017 12.0(8.7to
11.3) 43.2) 13.2) 5.1) 15.4)
Suicide 2.6(2.5t0 2000-2017 2.6(2.5t0 NA NA NA NA NA NA
2.8) 2.8)
Alcohol 3.4(2.9to 2000-2007 1.4(0.3to 2007-2017 4.8(4.3t0 NA NA NA NA
4.0) 2.6) 5.4)
Age 20-34y
Drug poisoning 10.2 (8.6 to 2000-2006 13.8(10.2to0 2006-2013 3.3(1.0to 2013-2017 17.6(13.7to0 NA NA
11.9) 17.6) 5.8) 21.5)
Suicide 2.0(1.4to 2000-2008 0.7 (0.1to 2008-2014 2.2(1.1to 2014-2017 5.1(2.7to NA NA
2.6) 1.3) 3.4) 7.5)
Alcohol 4.8(3.3t0 2000-2005 0.1(-4.6to 2005-2017  6.8(5.8t0 NA NA NA NA
6.3) 5.1) 7.9)
Age 35-49y
Drug poisoning 7.0(5.4t0 2000-2003  14.2(6.0to 2003-2014 2.4(1.4+to 2014-2017 17.8(11.9t0 NA NA
8.6) 23.0) 3.4) 23.9)
Suicide 1.2(1.1to 2000-2017 12(1.1to NA NA NA NA NA NA
1.4) 1.4)
Alcohol 0.6 (0.2 to 2000-2005 -1.7(-2.7to0  2005-2013 0.5 (-0.1to 2013-2017 3.8(2.4t0 NA NA
1.1) -0.7) 1.2) 5.3)
Age 50-64y
Drug poisoning 11.6 (10.3 to 2000-2006 18.5(15.2t0 2006-2014 6.0 (4.6 to 2014-2017 13.5(9.3to NA NA
12.9) 22.0) 7.4) 17.9)
Suicide 2.3(1.3t0 2000-2006 2.7 (1.5to 2006-2009 5.1(-0.6to 2009-2015 1.7 (0.6to 2015-2017 -1.0(-5.7to
3.4) 3.9) 11.2) 2.9) 3.9)
Alcohol 2.9(2.5t0 2000-2010 2.0(1.8to 2010-2015 4.8(4.0to 2015-2017 2.4(0.2to NA NA
3.2) 2.3) 5.6) 4.6)
White
Drug poisoning 9.9(8.5t0 2000-2006  13.7(10.7to  2006-2014 4.5(2.9to 2014-2017 17.2(11.7to NA NA
11.3) 16.9) 6.2) 22.9)
Suicide 2.5(1.5t0 2000-2002 4.5(-0.2to 2002-2005 0.7 (-3.6to 2005-2008 4.0 (-0.3to 2008-2017  2.2(1.8to
3.5) 9.3) 5.2) 8.5) 2.6)
Alcohol 3.1(2.8to 2000-2006 1.7(1.1to 2006-2013 3.2(2.7to 2013-2017 5.0(4.0to NA NA
3.4) 2.3) 3.8) 60)
Black
Drug poisoning 6.6 (3.8 to 2000-2006  6.3(2.9to 2006-2010 -7.1(-14.8to 2010-2014 7.2(-l.4to 2014-2017 27.9(20.2to
9.5) 9.7) 1.3) 16.6) 36.2)
Suicide 1.3(0.7to 2000-2008 -0.6(-1.0to 2008-2012 2.4(0.8to 2012-2015 -0.2(-3.2to 2015-2017 9.6(6.6to
1.9) -0.3) 4.0) 2.8) 12.6)
Alcohol -2.0(-2.7to 2000-2006 -6.8(-7.8to 2006-2012 -1.0(-2.6to 2012-2017 2.9(1.3to NA NA
-1.3) =5.7) 0.6) 4.5)
Latino
Drug poisoning 51(.7to 2000-2014 2.2(1.2to 2014-2017 19.6(11.5to NA NA NA NA
6.5) 3.2) 28.4)
Suicide 1.5(0.9to 2000-2013 0.5(0.0to 2013-2017 4.8(2.5t0 NA NA NA NA
2.1) 1.0) 7.3)
Alcohol -0.1(-0.7 to 2000-2004 -3.2(-5.3to0 2004-2012 -0.1(-0.9to 2012-2017 2.6(1.4t0 NA NA
0.6) -1.1) 0.7) 3.7)
(continued)
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Table. Annual Percentage Changes in Drug Poisoning, Suicide, and Alcohol-Induced Death Rates by Sex, Age Group, and Race/Ethnicity From 2000 to 2017
(continued)

Segment 1? Segment 22 Segment 3? Segment 42
Average APC from
Cause of death 2000-2017) Years APC (95%Cl)  Years APC (95% CI) Years APC (95%Cl)  Years APC (95% CI)
Asian
Drug poisoning 10.1(7.8to 2000-2005 13.2(8.5to 2005-2009 2.8(-4.2to 2009-2014 8.3 (4.4to 2014-2017 18.2(13.3to
12.3) 18.2) 10.3) 12.3) 23.2)
Suicide 1.9(1.5t0 2000-2017 1.9(1.5to NA NA NA NA NA NA
2.3) 2.3)
Alcohol 2.5(1.7to 2000-2017  2.5(1.7to NA NA NA NA NA NA
3.2) 3.2)
American Indian and Alaska Native
Drug poisoning 10.1 (7.4 to 2000-2004 25.5(12.5t0 2004-2017 5.7 (4.6 to NA NA NA NA
12.8) 40.0) 6.9)
Suicide 3.1(2.5t0 2000-2017 3.1(2.5t0 NA NA NA NA NA NA
3.6) 3.6)
Alcohol 4.0(3.6to 2000-2017 4.0(3.6to NA NA NA NA NA NA
4.5) 4.5)

Abbreviations: APC, annual percentage change; NA, not applicable.

2 Segments were chosen by Joinpoint regression.

Furthermore, it is important to reiterate that these increases are not limited to middle-aged White
men and women, as they have impacted all racial/ethnic groups in recent years, nearly every US
state, and rural and urban communities.

Of striking public health concern, drug poisoning death rates have increased rapidly,
accelerating to 15.0% per year during 2013 to 2017. Although individual drugs were not specifically
examined here, this development largely reflects the ongoing opioid epidemic, which has been
classified as having 3 waves.'® The first began in the 1990s with deaths due to overprescription of
opioids for pain management.’® In 2010, heroin-related death rates began to increase rapidly
followed by a surge in fentanyl-related deaths starting in 2013. Cocaine and psychostimulant-related
death rates have also increased.'2° American Indian and Alaska Native individuals and White
individuals had the highest drug poisoning death rates; however, rates have increased rapidly among
all racial/ethnic groups, particularly during 2013 to 2017. Although rates were highest and increased
most rapidly in the Northeast and Appalachia, drug poisoning death rates increased significantly in
nearly every state and have affected rural and urban counties. Importantly, drug poisoning death
rates are also increasing in several other high-income countries.?'

Although suicide rates increased across all racial/ethnic groups, they were highest among
American Indian and Alaska Native individuals, followed by White individuals. In rural counties,
suicide rates were highest and exceeded drug poisoning death rates. Rural and urban differences in
suicide have increased over time, with more rapid increases occurring in rural counties.'® Half of all
suicides in the US are carried out with firearms.?? Firearm-related suicides were more frequent and
increased more rapidly in nonmetropolitan rural counties than metropolitan counties.?*> A 2018
study?* found an inverse association between stronger state firearm laws and suicides. Although
suicides by drug poisoning have increased, they comprise only 13% of suicides, with only
approximately one-third due to opioids.?®

Increases in alcohol-induced death rates began more recently (in 2005) than drug poisoning
deaths and suicides and accelerated during 2012 to 2017. Rates of alcohol-induced deaths were
highest during 2013 to 2017 among individuals aged 50 to 64 years but increased most rapidly
among individuals aged 20 to 34 years and are exceedingly high among American Indian and Alaska
Native individuals. Increasing alcohol-induced death rates are consistent with the increasing
prevalence of alcohol use, high-risk drinking, and alcohol-use disorders.262” As most alcohol-induced
deaths were coded as alcoholic liver disease or other conditions driven by chronic alcohol use and
progressive liver damage, it is likely that the more recent trends in death rates reflect a mixture of
short- and long-term effects of excessive alcohol consumption.
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It has been proposed that worsening opportunities in the labor market among White
individuals, particularly those with no more than a high school education, have contributed to
increasing death rates from drug poisoning, suicide, and alcohol during middle age.® However, other
factors likely also contribute.?®3° Increasing drug poisoning, suicide, and alcohol-induced death
rates in the US are not limited to White individuals; furthermore, demographic and geographic
patterns of these 3 causes of death differ substantially, indicating a more nuanced and complex
picture. Our findings indicate that these 3 causes of death merit individual consideration, and their

underlying causes and optimal prevention strategies may differ in nature, intensity, and duration

across populations and contexts.

Figure 4. Average Annual Percentage Change by US State and Washington, District of Columbia (DC) From 2000 to 2017
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While it is likely that increasing economic opportunities and wages and reducing inequalities
would result in health improvements, prior work has shown that economic policies have not had a
universal impact on rates of drug poisoning, suicide, and alcohol-induced deaths. For example, higher
minimum wages and the earned income tax credit have been shown to reduce suicides but not drug
poisoning deaths among adults with lower educational attainment.3"*2 Another study by Ruhm>?
found that economic factors are likely to explain only a small fraction of drug poisoning deaths,
concluding that the availability and use of drugs is more likely to be the key driver. Ruhm?? found no
association of economic factors with suicide and alcohol-induced death rates. Drug and alcohol
poisoning and chronic liver disease death rates increased most rapidly in the most economically
insecure counties, while suicide rates increased uniformly regardless of county-level economic
insecurity.>*

Many deaths due to drug poisoning, suicide, and alcohol-induced causes may be broadly
associated with underlying feelings of despair, whether driven by lack of economic opportunity or
other factors. However, each cause of death also reflects access to drugs, alcohol, firearms, and other
means of suicide. Although some policies aimed at prevention can be applied universally, population-
and epidemic-specific targeted interventions are likely also needed. For drug poisonings, guidelines
for safer opioid prescribing and use of medication-assisted treatment for substance use disorder,
expansion of health care insurance coverage to include substance use disorder treatment, criminal
justice reform, and expanded access to naloxone are policies that could help address the
epidemic.3>36 Efforts focused on stopping drug trafficking are also critical. In 2017, the Centers for
Disease Control and Prevention released recommendations for suicide prevention, including
strengthening economic supports, increasing access to and delivery of preventive suicide care,
creating protective environments, promoting connectedness, teaching coping and problem-solving
skills, and identifying and supporting people at risk.>” People who have previously attempted suicide
and those with severe depression are high-risk populations to target for suicide prevention
interventions. Policies focused on reducing firearm access during periods of high suicide risk have
also been recommended.® Finally, the US Preventive Services Task Force recommends that primary
care clinicians screen adults for unhealthy alcohol use and provide behavioral counseling
interventions to those who engage in hazardous drinking.3° As American Indian and Alaska Native
populations have the highest rates for all 3 causes, there may be alternative explanatory factors
associated with the historical trauma in these communities, and interventions to address these
disparities are needed.

Strengths and Limitations

The main strength of our analysis is the use of nationwide death certificate data to examine patterns
and trajectories in drug poisoning, suicide, and alcohol-induced death rates. The comparisons
presented here show a clear juxtaposition of these 3 causes of death and support an urgent need for
appropriately targeted interventions. There are inherent limitations in the use of death certificate
data, including potential misclassification of causes of death and race/ethnicity*°; however, we
restricted our analysis to purchased/referred care delivery areas to mitigate misclassification of
American Indian and Alaska Native individuals.™ Although this approach is recommended to increase
the sensitivity of ascertaining American Indian and Alaska Native individuals in mortality data, our
results may not be generalizable to American Indian and Alaska Native individuals living outside of
purchased/referred care delivery areas. Furthermore, 10% of drug poisoning deaths were classified
as undetermined intent, which may include misclassified suicides, although it is unlikely that this had
amajor impact on the trends for either cause of death. Alcohol-induced deaths only include those
deaths that are most clearly associated with alcohol use and do not consider other causes of death
(eg. certain cancers, motor vehicle crashes) for which alcohol is a strong contributor, thus
underestimating the true mortality burden due to alcohol.
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Conclusion

This cross-sectional study found alarming recent increases in drug poisoning, suicide, and alcohol-
induced death rates that differed substantially by demographic and geographic factors in the US.
Each of these causes of death represents increasing and complex causal factors requiring targeted
efforts at multiple levels to reverse alarming trends, reach national and international public health
goals, and catch up with the steady progress in life expectancy occurring in other high-income
countries.
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