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ABSTRACT. Objective: Despite the rising toll of drug poisoning deaths
in the United States, the extent of the problem among adolescents and
young adults ages 15-24 years has received relatively little attention. We
examined sociodemographic characteristics and state trends in drug poi-
soning deaths among adolescents and young adults from 2006 to 2015
and estimated the costs of drug poisoning mortality in this population.
Method: We used the National Vital Statistics System’s Multiple Cause
of Death files from 2006 to 2015. We analyzed trends using Joinpoint
regression analysis and calculated total costs of drug poisoning deaths,
including medical costs, work loss costs, and quality of life loss, based
on widely used cost estimates. Results: Drug poisoning death rates (per
100,000 population) in adolescents and young adults increased from 8.1

in 2006 to 9.7 in 2015. The rates increased significantly for Whites (1.7%
per year) and Asian/Pacific Islanders (4.3% per year) from 2006 to 2015
and for Blacks (11.8% per year) from 2009 to 2015. By U.S. region, the
rates increased significantly in the Midwest (4.4% per year) from 2006
to 2015 and in the Northeast (11.0% per year) from 2009 to 2015. Trends
varied by age group, intent for drug poisoning, drug category (i.e.,
opioids, pharmaceutical drugs excluding opioids, illicit drugs exclud-
ing opioids, and unspecified drugs), urbanization level, and state. The
estimated costs of drug poisoning deaths among adolescents and young
adults totaled approximately $35 billion in 2015. Conclusions: Trends in
drug poisoning deaths and estimated costs inform state-specific preven-
tion and intervention efforts. (J. Stud. Alcohol Drugs, 80, 201-210, 2019)

HE UNITED STATES is currently grappling with a drug

epidemic, as evidenced by 52,404 drug poisoning deaths
in 2015 (Rudd et al., 2016b). Drug poisoning death refers to
unintentional or intentional fatal intoxication resulting from
an improper use of pharmaceutical drugs (either prescribed
or over-the-counter medications) or illicit drugs. Drug use
and poisoning among 15- to 24-year-olds (hereinafter re-
ferred to as adolescents and young adults) is a serious public
health problem. An estimated 8.6 million adolescents and
young adults in the United States report current illicit drug
use, including prescription psychotherapeutics, marijuana,
crack/cocaine, heroin, hallucinogens, inhalants, or meth-
amphetamine (Center for Behavioral Health Statistics and
Quality, 2016).

The increasing availability of pharmaceutical drugs, es-
pecially opioids, and misperceptions about pharmaceutical
drug safety have contributed to drug use in adolescents and
young adults (Substance Abuse and Mental Health Services
Administration [SAMHSA], 2016a). One study showed that
individuals prescribed opioids by 12th grade are 33% more
likely to misuse prescription opioids by age 23 compared
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with those never prescribed opioids (Miech et al., 2015).
Adolescents and young adults often obtain prescription drugs
from friends and relatives (McCabe et al., 2007, SAMHSA,
2014) and misuse them with motivations to relieve pain, relax,
feel good, or get high (McCabe et al., 2007, 2013; Miech et
al., 2015). The issue of drug use and poisoning is critical for
adolescents and young adults, who are susceptible to drug
use because of their developmental nature marked by vulner-
ability and adjustment to psychological and social changes
(Brown et al., 2008; Stone et al., 2012). Although the rate of
drug poisoning death is lower among adolescents and young
adults than among those age 25 and over (9.7 per 100,000 vs.
22.2; Hedegaard et al., 2017), death from drug poisoning is
one of the leading causes of injury deaths in this population
(Centers for Disease Control and Prevention [CDC], 2017).

Epidemiological studies have investigated state trends in
overall drug poisoning mortality (Hedegaard et al., 2017;
Rudd et al., 2016a, 2016b), yet research is limited on trends
for adolescents and young adults. Research shows sociode-
mographic differences in drug poisoning deaths among
adolescents and young adults, with the rates higher for males
than females and higher for Whites than other races/ethnici-
ties (Rudd et al., 2016b). Predictably, drug poisoning death
rates vary between U.S. regions and states (Paulozzi et al.,
2011). Given the large contribution of drug poisoning to the
injury death burden in adolescents and young adults, further
investigation of trends across sociodemographic groups and
states is needed to guide state-specific prevention and inter-
vention efforts.
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Although trend information is useful for assessing the
magnitude of the problem, costs better represent the burden
of drug poisoning, including the associated medical and
work loss costs as well as quality of life losses. Costs are
useful in setting priorities and estimating the likely return
on investment associated with effective prevention. In this
study, we examined sociodemographic characteristics and
state trends in drug poisoning death rates for adolescents and
young adults and estimated costs attributable to drug poison-
ing mortality in this population, including the medical costs,
work loss costs, and value of quality of life loss.

Method

We used the mortality census data from the National
Vital Statistics System’s Multiple Cause of Death files
from 2006 to 2015 to analyze records of drug poisoning
deaths among 15- to 24-year-olds in the United States,
excluding deaths that occurred among non—U.S. residents.
We identified drug poisoning deaths through the Interna-
tional Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10; World Health
Organization, 1992), underlying cause codes of X40-X44
(drug poisonings, unintentional), X60-X64 (drug poi-
sonings, suicide), X85 (drug poisonings, homicide), or
Y10-Y14 (drug poisonings, undetermined intent). To clas-
sify each drug poisoning case according to the primary
drug involved, we ordered all the entity axis codes from
underlying cause to immediate cause, followed by other
contributing causes, and then selected the drug poisoning
diagnosis (ICD-10 codes T36-T50) that was listed first
(i.e., the one that came earliest in the chain of causes lead-
ing to death). Based on this code, we assigned the case to
one of four drug categories: T40.0-T40.4 (opioids, either
prescription or illicit); T36-T39, T41-T43.5, and T43.8—
T50.8 (pharmaceutical drugs, excluding opioids); T40.5,
T40.7-T40.9, and T43.6 (illicit drugs, excluding opioids);
and T40.6 and T50.9 (unspecified drugs). We adapted these
labels for drug categories from the CDC (2013) guide. To
avoid double counting, we assigned deaths to the first drug
category listed.

Sociodemographic characteristics included age group
(1519 or 2024 years), sex (male or female), race/ethnic-
ity (White, Black, Asian/Pacific Islander, American Indian/
Alaska Native, or Hispanic), U.S. census region (Northeast,
Midwest, South, or West) as defined by the U.S. Census
Bureau (U.S. Census Bureau, 2016), urbanization level
(metropolitan or nonmetropolitan), and intent for drug poi-
soning (unintentional, suicide, homicide, or undetermined).
We calculated rates of drug poisoning deaths at the national
and state levels using U.S. census population estimates for
people ages 15-24 years from 2006 through 2015 (National
Center for Health Statistics, 2017). We also calculated cor-
responding 95% confidence intervals (CIs) as the death rate

plus or minus 1.96 times the standard error of the death
rate. We performed joinpoint regression analysis using the
Joinpoint Regression Program, Version 4.6.0.0 (National
Cancer Institute, 2018) to identify time points in which
drug poisoning trends significantly changed. We estimated
the annual percent change for each time point detected and
the average annual percent change for the full study period
from 2006 to 2015. For all analyses, non-overlapping Cls
indicated statistically significant differences. Death counts
of less than 20 and corresponding rates were suppressed.
The total costs of drug poisoning deaths comprised the
following three categories: medical costs, work loss costs,
and quality of life loss. Our medical and work loss cost
estimates were consistent with the methods used to esti-
mate injury costs in the CDC’s Web-based Injury Statistics
Query and Reporting System (WISQARS; Lawrence &
Miller, 2014). In these estimates, medical costs were as-
signed by place of death: on scene/at home, dead on arrival
at hospital, emergency department, hospital after admis-
sion, nursing home, or hospice. Deaths in a medical facility
were assigned treatment costs by injury mechanism (and by
age and diagnosis, if sample size permitted), based on the
mean estimated medical costs of injury deaths in nationally
representative samples covering the respective facility type.
Costs of emergency transport were added to all but deaths on
scene/at home. If an autopsy was performed, the expenses of
the coroner or medical examiner were added. Work loss costs
consisted of the estimated value of earnings and household
work over the victim’s expected remaining life span in the
absence of premature death. Life expectancy was calculated
from published life tables (Arias, 2014). Earnings were
estimated by age and sex based on 2002-2009 data from
the March supplement of the Current Population Survey,
supplemented with data on fringe benefits from the national
income accounts. Estimates of the value of household pro-
duction were taken from Grosse et al. (2009), which used
data from the American Time Use Survey. The quality of life
loss accounted for the impact on both quality and quantity
of life. The quality of life loss was computed by monetizing
the estimated quality-adjusted life years lost, based on a $4.6
million value of statistical life (in 2010 U.S. dollars). The
methods and meta-analyses behind estimating the value of
statistical life and quality of life loss are detailed elsewhere
(Miller, 1990, 2000; Miller & Hendrie, 2012). Quality of
life loss excluded work losses, to avoid double counting.
Costs beyond the first year were discounted to present value
using a widely recommended 3% discount rate (National
Academies of Sciences, Engineering, and Medicine, 2016;
Neumann et al., 2016). We inflated all costs to 2015 dollars.

Results

Between 2006 and 2015, 36,422 adolescents and young
adults (8.4 per 100,000 population) died of drug poisoning,
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with opioids as the primary contributing cause of death for
nearly half of these deaths (47.0%). The majority of drug
poisoning deaths were unintentional (84.7%).

Drug poisoning death rates across sociodemographic
characteristics

Drug poisoning death rates per 100,000 were more than
three times higher for persons ages 20-24 years (13.0) than
those ages 15—19 years (3.7). Death rates for males exceeded
those for female adolescents and young adults (12.0 vs. 4.6,
respectively). The rates for White (11.9) and American Indian/
Alaska Native (10.0) adolescents and young adults were ap-
proximately three to four times those for Blacks (2.6), Asian/
Pacific Islanders (2.3), and Hispanics (4.0). The rates were
highest in the Northeast (9.4), followed by the Midwest (8.7),
South (8.4), and West (7.4). The rates were higher in metro-
politan areas (8.5) compared with nonmetropolitan areas (7.9).
Table 1 shows drug poisoning death rates from 2006 to 2015
by age group, sex, race/ethnicity, U.S. region, urbanization
level, intent for drug poisoning, and drug category.

Trends in drug poisoning deaths across sociodemographic
characteristics

Drug poisoning death rates in adolescents and young
adults increased from 8.1 in 2006 to 9.7 in 2015, changing
by 1.8% annually on average (rate change not statistically
significant). Death rates attributed to opioids increased sig-
nificantly by 4.8% per year from 2006 to 2015,! rising at a
faster pace from 2013 to 2015 (15.4% per year). The rates
for deaths involving pharmaceutical drugs (excluding opi-
oids) increased significantly by 2.1% per year from 2006 to
2015, with a notable increase from 2006 to 2010 (6.7% per
year). Death rates for unspecified drugs decreased signifi-
cantly by 2.1% per year from 2006 to 2015, mostly declining
from 2011 to 2015 (5.1% per year). For illicit drugs (exclud-
ing opioids), the rates decreased significantly by 25.1% per
year from 2006 to 2009 but followed a significant increase
by 9.7% per year from 2009 to 2015.

Between 2006 and 2015, death rates declined significantly
by 2.6% per year for persons ages 15-19 years. During this
time, death rates increased by 2.4% per year on average for
persons ages 20-24 years; however, changes in the identified
trend periods (2006-2013 and 2013-2015) were not statisti-
cally significant. The rate grew by 4.1% per year on average
for female adolescents and young adults, but changes in the
identified trend periods (2006-2013 and 2013-2015) were
not statistically significant. Across race/ethnicity, the rates
increased significantly by 4.3% and 1.7% per year for Asian/
Pacific Islander and White adolescents and young adults,

IThe rate increased from 3.4 in 2006 to 5.3 in 2015. When counting
with any mention of opioids on death certificates, the opioid-related
death rate increased from 4.4 in 2006 to 6.7 in 2015.

respectively. For Black adolescents and young adults, the
rates increased significantly by 11.8% from 2009 to 2015.

Death rates in the Northeast region grew significantly by
5.5% annually from 2006 to 2015, increasing at a faster pace
from 2009 to 2015 (11.0% per year). The rates in the Mid-
west region increased significantly by 4.4% per year from
2006 to 2015. In the South region, the rates dropped signifi-
cantly by 4.8% per year from 2006 to 2013. By urbanization
level, the rates decreased significantly by 1.9% per year
from 2006 to 2015 in nonmetropolitan areas. Although the
rates increased by 2.3% per year on average in metropolitan
areas, changes in the identified trend periods (2006-2013
and 2013-2015) were not statistically significant. Table 2
shows trends from 2006 to 2015 across sociodemographic
characteristics.

Drug poisoning death rates by state

Compared with the national rate of 8.4 per 100,000, drug
poisoning death rates were significantly lower in Nebraska
(3.1), North Dakota (3.1), South Dakota (3.9), Hawaii (4.3),
lowa (4.7), Mississippi (5.3), California (5.3), Kansas (5.7),
Minnesota (5.8), Idaho (6.3), South Carolina (6.6), Georgia
(6.7), Virginia (6.8), New York (6.9), Texas (7.0), and Oregon
(7.3) during the study period from 2006 to 2015. In contrast,
[linois (8.9), Tennessee (9.2), Michigan (9.3), Connecticut
(9.5), Colorado (9.6), Florida (9.8), Louisiana (9.9), Mary-
land (10.0), New Jersey (10.0), Ohio (10.1), Arizona (11.0),
Oklahoma (11.1), Delaware (11.2), Missouri (11.2), Indiana
(11.3), New Hampshire (11.6), Kentucky (11.6), Utah (12.5),
Pennsylvania (13.2), Nevada (13.5), New Mexico (14.7), and
West Virginia (15.1) had significantly higher rates than the
national rate. Table 3 provides state-specific drug poisoning
death rates by drug category.

Trends in drug poisoning deaths by state

From 2006 to 2015, drug poisoning death rates increased
significantly in New York (9.4% per year), Ohio (9.1% per
year), Massachusetts (9.0% per year), New Jersey (8.7%
per year), Minnesota (8.6% per year), Wisconsin (6.2%
per year), California (4.2% per year), Michigan (3.9% per
year), and Illinois (2.6% per year). In Massachusetts, the rate
grew faster, by 32.2% per year from 2012 to 2015. The rate
increased significantly by 7.2% per year in Maryland from
2008 to 2015 and by 9.9% per year in Pennsylvania from
2010 to 2015. In New Mexico, the rate increased significant-
ly by 14.9% per year from 2006 to 2009 and then declined
by 6.7% per year from 2009 to 2015. The rates decreased
significantly in Louisiana (8.1% per year), Arkansas (4.2%
per year), and Nevada (4.0% per year) from 2006 to 2015.
In Louisiana, the decline was faster by 17.4% per year from
2006 to 2011. The rates decreased significantly by 13.6% per
year in Florida and by 6.4% per year in Tennessee from 2006
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TaBLE 1. Drug poisoning death rates (per 100,000) [95% confidence intervals] for adolescents and young adults, 20062015
Characteristics 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
All 8.1 8.3 8.1 7.8 8.2 8.6 8.0 83 8.6 9.7
[79,84] [8.0,8.6] [7.8,84] [7.6,81] [7.9,85] [83,89] [7.7,83] [8.1,8.6] [84,89] [9.4,9.9]
Age group
15-19 years 3.9 42 42 3.6 3.8 3.8 3.1 32 3.1 3.7
[3.6,4.1] [3.9,45] [3.9,45] [33,3.8] [3.5,4.0] [3.6,41] [29,34] [29,34] [29,34] [3.4,3.9]
20-24 years 12.4 12.4 12.1 12.1 12.7 13.2 12.6 13.1 13.7 153
[12.0, 12.9] [12.0, 12.9] [1l.6, 12.5] [11.6, 12.5] [12.2,13.2] [12.7,13.7] [12.2,13.1] [12.6, 13.6] [13.2, 14.2] [14.8, 15.8]
Sex
Male 12.1 12.1 11.9 11.4 11.6 12.4 11.4 11.7 12.1 133
[11.6,12.5] [11.7,12.6] [11.5,12.4] [10.9,11.8] [11.1,12.0] [11.9,12.8] [11.0,11.9] [11.2,12.1] [1l.6,12.5] [12.8, 13.7]
Female 4.0 4.3 4.1 4.1 4.6 4.6 4.4 4.8 5.0 5.9
[3.7,42] [4.0,45] [3.8,43] [3.8,44] [43,49] [43,49] [4.1,47] [45,5.1] [47,53] [5.6,6.2]
Race/ethnicity
White 11.4 11.4 11.3 10.9 11.9 12.4 11.6 11.9 12.4 13.5
[11.0, 11.8] [11.0, 11.8] [10.9, 11.7] [10.5, 11.3] [11.5,12.3] [12.0, 12.8] [11.2,12.0] [11.5,12.4] [11.9,12.8] [13.1, 14.0]
Black 2.4 2.4 2.0 1.9 2.4 2.4 2.6 2.7 32 4.1
[2.0,2.8] [2.0,2.8] [1.7,24] [l.6,22] [2.0,2.7] [2.1,2.8] [2.2,3.0] [24,3.1] [2.8,3.6] [3.6,4.6]
A/PL 1.6 2.3 1.7 2.5 1.8 2.3 2.3 2.5 22 3.0
[1.0,2.2] [l.6,3.0] [1.1,2.3] [1.8,3.2] [1.3,24] [1.7,3.0] [1.7,29] [1.9,3.1] [l.6,2.8] [23,3.7]
AI/AN 7.3 10.3 10.8 11.7 9.6 9.6 10.4 9.7 11.1 9.8
[4.8-9.8] [7.4,13.2] [7.8,13.8] [8.6,14.9] [6.7,12.5] [6.7,12.4] [7.4,13.4] [6.8,12.6] [8.0,14.2] [6.9,12.7]
Hispanic 33 3.9 3.8 3.7 35 4.1 3.4 4.1 43 5.4
[29,3.7] [3.5,44] [34,42] [33,4.1] [3.1,39] [3.7,45] [3.1,3.8] [3.7,4.6] [3.9,47] [5.0,5.9]
U.S. census region
Northeast 8.2 7.9 7.9 7.1 7.6 9.5 9.6 10.5 11.7 14.0
[7.6,89] [7.2,85] [7.3,85] [6.5,7.7] [7.0,8.2] [8.8,10.1] [8.9,10.3] [9.8,11.2] [10.9,12.5] [13.1, 14.8]
Midwest 7.4 7.7 7.6 7.5 8.8 8.6 8.9 9.3 9.9 11.0
[6.8,7.9] [7.1,82] [7.0,82] [7.0,81] [82,9.4] [8.0,9.2] [83,9.5] [8.7,10.0] [9.3,10.5] [10.3,11.7]
South 9.9 9.6 9.1 8.5 8.4 8.4 7.2 7.0 7.4 8.4
[9.4,10.4] [9.1,10.1] [8.6,9.6] [8.1,9.01 [7.9,88] [79,88] [6.8,7.6] [6.6,74] [7.0,79] [8.0,8.9]
West 6.1 7.2 7.2 7.6 7.8 8.2 7.3 7.9 7.1 7.3
[5.6,6.6] [6.7,7.7] [6.7,7.8] [7.1,82] [7.3,84] [7.7,88] [6.8,7.8] [7.3,84] [6.6,7.7] [6.8,7.28]
Urbanization level
Metropolitan 8.0 8.2 8.2 7.9 8.2 8.7 8.1 8.5 8.9 9.9
[7.7,83] [79,85] [79,85] [7.6,82] [79,85] [84,9.0] [79,84] [82,88] [8.6,9.2] [9.6,10.3]
Nonmetropolitan 9.0 8.8 7.8 7.7 8.3 8.0 7.1 7.4 7.0 7.9
[8.3,9.7] [8.0,9.5] [7.1,85] [7.0,84] [7.5,9.00 [73,87] [6.5,7.8] [6.7,81] [64,7.7] [7.2,8.6]
Intent
Unintentional 6.6 6.8 6.8 6.5 6.9 7.4 6.8 7.1 7.5 8.5
[6.4,69] [6.6,7.1] [6.6,7.1] [63,68] [6.6,7.1] [7.1,7.6] [6.57.0]1 [6.8,73] [7.3,7.8] [8.2,8.8]
Suicide 0.6 0.6 0.6 0.6 0.7 0.6 0.7 0.8 0.6 0.6
[0.5,0.7] [0.6,0.7] [0.5,0.7] [0.6,0.7] [0.6,0.8] [0.6,0.7] [0.6,0.7] [0.7,0.8] [0.5,0.7] [0.5,0.7]
Undetermined 0.9 0.8 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5
[0.8,1.0] [0.7,09] [0.6,0.7] [0.5,0.7] [0.50.7] [0.506] [0.50.6] [04,05] [04,60.6] [0.4,0.6]
Drug poisoning
category
Opioids® 34 3.6 3.6 3.5 3.8 4.0 3.7 4.0 4.5 5.3
[3.2,3.6] [34,37] [34,3.8] [33,37] [3.6,39] [3.8,42] [3.53.8] [3.8,42] [43,47] [5.1,55]
Pharmaceutical
drugs? 0.6 0.7 0.8 0.8 0.9 0.8 0.8 0.9 0.8 0.8
[0.6,0.7] [0.6,0.8] [0.7,0.8] [0.7,0.9] [0.8,1.0] [0.7,0.9] [0.7,0.9] [0.8,09] [0.7,0.9] [0.7,0.9]
Mlicit drugs® 1.2 1.0 0.7 0.5 0.6 0.6 0.6 0.8 0.8 1.0
[1.1,1.3] [0.9,1.1] [0.6,0.8] [0.50.6] [0.5 0.7 [0.5,0.6] [0.50.7] [0.7,0.8] [0.7,0.9] [0.9,1.1]
Unspecified drugs 2.7 2.7 2.7 2.7 2.6 29 2.7 2.4 2.3 2.3
[2.6,29] [2.6,29] [2.6,29] [2.6,29] [24,2.7] [2.7,3.1] [2.6,29] [22,25] [2.2,25] [22,24]

Notes: Homicide rates suppressed because numerators were < 20. A/PI = Asian/Pacific Islander; AI/AN = American Indian/Alaska Native. “Opioids were

prescribed or illicit; “pharmaceutical drugs excluded opioids; cillicit drugs excluded opioids.
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TaBLE 2. Trends in drug poisoning deaths across sociodemographic characteristics among adolescents and young adults, 2006-2015

Trend 1 Trend 2 20062015 Average

Characteristics Years APC [95% CI] APC [95% CI] APC [95% CI]
All 2006-2013 0.1[-1.4,1.7] 2013-2015 7.9 [-3.1,20.1] 1.8[-0.3,3.9]
Age group

15-19 years 2006-2015 -2.6 [-4.6, -0.5] - - -2.6 [-4.6,-0.5]

20-24 years 20062013 0.8 [-0.6, 2.3] 20132015 8.1[-1.9, 19.1] 2.4100.5,4.3]
Sex

Male 20062013 -0.5 [-2.1, 1.1] 20132015 6.5 [-5.2, 19.6] 1.0 [-1.2,3.2]

Female 2006-2013 2.2 [-0.0,4.5] 2013-2015 11.1[-3.7,28.2] 4.1[1.3,7.0]
Race/ethnicity

White 2006-2015 1.7 [0.6, 2.7] - - 1.7 [0.6, 2.7]

Black 2006-2009 -8.0 [-22.2, 8.9] 20092015 11.8 [6.6, 17.3] 4.8[-0.2,10.1]

A/PL 2006-2015 4.3 [0.6, 8.2] - - 4.3 [0.6, 8.2]

AI/AN 20062015 0.9[-2.2,4.2] - - 0.9 [-2.2,4.2]

Hispanic 2006-2012 -0.0 [-4.8, 5.0] 2012-2015 12.6 [-0.2, 26.9] 4.0 [-0.0, 8.2]
U.S. census region

Northeast 2006-2009 -4.8 [-13.7, 5.0] 2009-2015 11.0 [7.9, 14.3] 5.5[2.5,8.6]

Midwest 20062015 4.41(3.3,5.5] - - 441[3.3,5.5]

South 20062013 -4.8 [-6.4, -3.3] 2013-2015 8.2 [-4.6,22.7] -2.1[-4.4,0.2]

West 2006-2010 5.8 [-0.3, 12.4] 20102015 -2.2[-6.0, 1.7] 1.3 [-1.3,4.0]
Urbanization level

Metropolitan 20062013 0.6 [-0.9, 2.1] 20132015 8.4[-2.3,20.2] 2.3[0.3,4.3]

Nonmetropolitan 20062015 -1.9[-3.4,-0.5] - - -1.9[-3.4,-0.5]
Intent

Unintentional 20062013 0.7 [-1.1, 2.6] 2013-2015 9.4 [-3.6,24.2] 2.6 [0.1,5.1]

Suicide 20062015 0.8 [-1.2,2.8] - - 0.8 [-1.2,2.8]

Undetermined 2006-2008 -15.6 [-28.1, -0.8] 2008-2015 -4.4[-6.9, -1.9] -7.0 [-9.9, -4.0]
Drug poisoning category

Opioids? 2006-2013 2.0[-0.1,4.1] 2013-2015 15.4[1.1,31.7] 4.8[2.2,7.5]

Pharmaceutical drugs? 2006-2010 6.7[2.2,11.4] 20102015 -1.5[-4.3, 1.4] 2.1[0.1, 4.0]

Mllicit drugs® 2006-2009 -25.1 [-35.8, -12.5] 2009-2015 9.7 (3.6, 16.1] -3.4[-8.0, 1.4]

Unspecified drugs 20062011 0.4 [-1.7,2.6] 20112015 -5.1 [-8.0, -2.0] -2.1[-3.4,-0.7]

Notes: APC = annual percent change; CI = confidence interval; A/PI = Asian/Pacific Islander; AI/AN = American Indian/Alaska Native. “Opioids were pre-
scribed or illicit; pharmaceutical drugs excluded opioids; “illicit drugs excluded opioids.

to 2013. Figure 1 illustrates changes in drug poisoning death
rates, by state, between 2006 and 2015.

Costs of drug poisoning deaths

In 2015, the total costs of drug poisoning deaths among
adolescents and young adults was estimated as $35.1 billion
nationally. That total costs included $27.1 million in medical
costs, $8.5 billion in work loss costs, and $26.5 billion in
quality of life loss. The costs of drug poisoning deaths varied
by state, with costs ranging from $190.7 million in Iowa to
$2.6 billion in California. Table 4 details the costs of drug
poisoning deaths by state.

Discussion

Adolescents and young adults are at heightened risk for
drug use and poisoning. We examined sociodemographic
characteristics and state trends as well as costs of drug
poisoning deaths among 15- to 24-year-olds to explore
where state-level prevention and intervention strategies are
most needed and which sociodemographic groups should
be targeted by prevention efforts. Between 2006 and 2015,
drug poisoning death rates in adolescents and young adults

increased by 1.8% per year on average (nonsignificant in-
crease), with significant increases in deaths attributable to
pharmaceutical drugs (6.7% per year from 2006 to 2010),
illicit drugs (9.7% per year from 2009 to 2015), and opioids
(15.4% per year from 2013 to 2015). We found that death
rates decreased over time for adolescents and young adults
ages 15-19 years but increased for those ages 2024 years.
These trends in drug poisoning death rates parallel trends in
self-reported drug use and drug dependence in the two age
groups (Center for Behavioral Health Statistics and Quality,
2011, 2016; SAMHSA, 2007). Nonetheless, the significant
increases in death rates from 2014 to 2015 in both age
groups indicate a growing problem.

Although drug poisoning death rates were consistently
higher in male than female adolescents and young adults, the
gap narrowed over time. White and American Indian/Alaskan
Native adolescents and young adults had the highest rates,
and the rates increased for White, Asian/Pacific Islander,
and Black adolescents and young adults. The sex and racial
pattern of death rates in this population mirror the all-age
pattern (Mack et al., 2013). Older reports indicate higher
nonmedical prescription drug and opioid use among adoles-
cents in nonmetropolitan areas (Havens et al., 2011; Monnat
& Rigg, 2016), but we found that overall drug poisoning
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TabLE 3. National and state drug poisoning death rates (per 100,000) [95% confidence intervals] for adolescents and young adults, 2006-2015

Pharma-
ceutical
Opioids drugs Illicit drugs
Any drug (prescribed (excluding (excluding

State poisoning or illicit) opioids) opioids) Unspecified
Alabama 8.1[7.4,8.7] 2.7[2.3,3.1] 0.3 [0.2, 0.4] 0.5 [0.3, 0.6] 4.4[3.9,4.9]
Alaska 10.3 [8.4, 12.2] 4.8 [3.5,6.0] 1.8 [1.0, 2.6] 2.0[1.2,2.8]
Arizona 11.0 [10.3, 11.7] 491[4.5,54] 0.7 [0.5, 0.8] 1.0 [0.8, 1.3] 4.0 [3.6,4.4]
Arkansas 9.4 [8.4,10.3] 2.1[1.7,2.5] 0.7 [0.5, 1.0] 0.7 [0.5, 1.0] 5.41[4.7,6.1]
California 5.3[5.1,5.5] 2.3[2.1,24] 0.6 [0.5, 0.6] 0.8 [0.7, 0.8] 1.5[1.4,1.6]
Colorado 9.6 [8.8, 10.3] 4.5[4.0,5.0] 0.7 [0.5, 0.8] 1.0 [0.7, 1.2] 3.0 [2.6, 3.4]
Connecticut 9.5[8.7,10.4] 5.9[5.2, 6.6] 0.6 [0.4, 0.9] 0.7 [0.5, 1.0] 1.9[1.5,2.3]
Delaware 11.2 9.3, 13.0] 4.8 [3.6, 6.0] a a 4.4(3.2,5.6]
Florida 9.8[9.4,10.2] 4.2[4.0,4.5] 1.2 1.0, 1.3] 0.9 [0.8, 1.0] 3.2[2.9,3.4]
Georgia 6.7[6.3,7.2] 3.3 (3.0, 3.6] 0 .6, 0. 0.6 [0.5, 0.8] 1.9[1.7,2.2]
Hawaii 43[3.3,5.2] 1.4 [0.9, 2.0] a a a

Idaho 6.3[5.2,7.3] 2.5[1.8,3.1] a a 2.7[2.1,34]
Illinois 8.9 [8.5,9.4] 3.9[3.6,4.2] 0.7 [0.6, 0.8] 0.7 [0.6, 0.8] 3.5[3.2,3.8]
Indiana 11.3 [10.7, 12.0] 3.6(3.2,3.9] 0.6 [0.5, 0.8] 0.3 [0.2,0.5] 6.6 [6.0, 7.1]
Towa 4.7[4.1,54] 2.2[1.8,2.6] 0.9 [0.6, 1.2] a 1.1[0.8, 1.4]
Kansas 5.7[5.0, 6.4] 2.3[1.8,2.8] a 0.5[0.3,0.8] 2.2[1.8,2.7]
Kentucky 11.6 [10.8, 12.5] 5.5[4.9, 6.1] 1.3 [1.0, 1.6] 0.5[0.3,0.7] 421[3.7,4.7]
Louisiana 9.9 [9.1, 10.6] 2.1[1.7,24] 0.5 [0.3, 0.6] 0.6 [0.4, 0.8] 6.5[5.9,7.1]
Maine 8.4[7.0,9.8] 5.2[4.1,6.3] a a 1.2 0.7, 1.7]
Maryland 10.0 [9.3, 10.7] 6.0 [5.5,6.5] 0.6 [0.4, 0.8] 0.5 0.3, 0.6] 2.5[2.2,2.9]
Massachusetts 9.1[8.4,9.7] 3.8[3.4,42] 0.7 [0.5, 0.8] 0.9[0.7, 1.1] 3.1[2.7,3.4]
Michigan 9.3[8.8,9.8] 4.3 [3.9,4.6] 1.0 [0.8, 1.1] 0.6 [0.4,0.7] 3.2[2.9,3.5]
Minnesota 5.8[5.2,6.3] 2.8[2.5,3.2] 0.5[0.3,0.7] 0.4 [0.2, 0.5] 1.8[1.5,2.1]
Mississippi 5.3[4.6,5.9] 1.3 0.9, 1.6] a a 3.2[2.7,3.8]
Missouri 11.2 [10.5, 11.9] 6.5[6.0,7.1] 0.9[0.7, 1.1] 0.7 [0.5, 0.9] 2.5[2.2,2.9]
Montana 7.3[5.9,8.7] 2.9[2.0,3.7] a a 2.8[1.9,3.7]
Nebraska 3.1[24,3.8] 0.9 [0.5, 1.3] a a 1.2 0.8, 1.7]
Nevada 13.5[12.3, 14.7] 7.5 [6.6, 8.4] 1.5[1.1, 1.9] 1.5 [1.1, 1.9] 2.3[1.8,2.8]
New Hampshire 11.6 [10.0, 13.2] 8.417.1,9.8] a 1.3[0.8, 1.9]
New Jersey 10.0 [9.4, 10.6] 431[3.9,4.7] 0.5[0.4,0.7] 6[0.5,0.8] 4.3[3.9,4.6]
New Mexico 14.7 [13.3, 16.1] 7.5 6.5, 8.5] 1.4 [1.0, 1.8] 7[2.1,3.3] 2.6 [2.0,3.2]
New York 6.9[6.5,7.2] 3.8[3.6,4.0] 0.8 [0.7,0.9] 6[0.5,0.7] 1.4 [1.2,1.5]
North Carolina 8.8[8.3,9.3] 6.1[5.7,6.5] 0.7 [0.6, 0.8] [O 7, 1.0] 1.0 [0.9, 1.2]
North Dakota 3.1[2.1,4.1] a a a

Ohio 10.1 [9.6, 10.6] 5.7[5.3,6.1] 0.7 [0.6, 0.9] 0.7 [0.5, 0.8] 2.7[2.5,3.0]
Oklahoma 11.1[10.2, 11.9] 6.7 6.0, 7.4] 1.7 [1.3,2.0] 1.1 0.8, 1.3] 1.1[0.9, 1.4]
Oregon 7.3 [6.6, 8.1] 5.1[4.5,5.7] 0.8 [0.6, 1.1] 0.5 [0.3, 0.6] 0.7 [0.5, 0.9]
Pennsylvania 13.2[12.7, 13.8] 4.8[4.5,5.2] 0.7 [0.6, 0.8] 0.5[0.4, 0.6] 7.0 [6.6, 7.4]
Rhode Island 7.9[6.5,9.2] 4.0 [3.0,4.9] a a 1.9[1.2,2.5]
South Carolina 6.6 [5.9,7.2] 2.5[2.2,2.9] 0.8 [0.5, 1.0] 0.7 [0.5, 0.9] 2.412.0,2.7]
South Dakota 3.9[2.7,5.0] 1.9[1.1,2.7] a a a

Tennessee 9.2[8.5,9.8] 4.414.0,4.8] 1.5[1.2, 1.7] 0.9 [0.7, 1.1] 2.1[1.8,2.4]
Texas 7.0 [6.7,7.2] 2.9[2.7,3.0] 0.8 [0.7,0.9] 1.1 [1.0, 1.2] 1.9[1.8,2.1]
Utah 12.5[11.5,13.5] 5.3 [4.6,5.9] 2.1[1.7,2.5] 2.1[1.6,2.5] 2.2[1.8,2.6]
Vermont 7.4[5.6,9.2] 4.91(3.5,6.3] a a a

Virginia 6.8 [6.3,7.3] 4.21[3.9,4.6] 0.9[0.7, 1.1] 0.5[0.4, 0.6] 0.7 [0.5, 0.9]
Washington 8.0 [7.4, 8.6] 3.8[3.4,4.2)] 1.0 [0.8, 1.2] 1.0 [0.8, 1.2] 1.9[1.6,2.2]
West Virginia 15.1[13.5,16.7] 10.8 [9.5, 12.2] 1.1[0.7, 1.6] 2.0[1.4,2.5] a

Wisconsin 8.1[7.5,8.7] 4.6[4.2,5.1] 0.7 [0.5, 0.9] 0.4 [0.2, 0.5] 2.2[1.9,2.5]
Wyoming 9.1[7.0,11.2] 3.4[2.1,4.6] a a 341[2.1,4.6]
United States 8.4 (8.3, 8.5] 3.9(3.9,4.0] 0.8 [0.8, 0.8] 0.8 [0.7, 0.8] 2.6 [2.6,2.7]

Notes: District of Columbia not reported due to low death counts. “Death rates with numerators < 20.
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FiGure 1.  State-level changes in drug poisoning death rates for adolescents
and young adults, 2006-2015. Note: Drug poisoning death rates for states
with numerator < 20 were suppressed.

death rates decreased for adolescents and young adults in
nonmetropolitan areas.

Regional comparisons indicated increased death rates in
the Northeast and the Midwest regions. This pattern mirrors
the all-age pattern (Rudd et al., 2016b) and reflects the grow-
ing illegal drug market in these regions (Drug Enforcement
Agency [DEA], 2016). In our study, the rates increased
significantly in nine states and decreased significantly in
three states over the course of 10 years. Rate changes were
not significant in 22 states. Trends could not be determined
for 16 states and the District of Columbia because of small

numbers. Increased rates in some states may be explained by
the availability of drugs in those states, as state variations in
drug poisoning deaths track variations in opioid prescriptions
per resident (Paulozzi et al., 2011).

The surge in drug poisoning deaths, especially opioids
and pharmaceutical drugs, among adolescents and young
adults reflects the ease of access to pharmaceutical drugs,
especially prescription opioids (McCabe et al., 2007; SAM-
HSA, 2014), and later transition to more potent opioids
(Jones, 2013; Miech et al., 2015). For example, when people
addicted to prescription opioids face difficulty accessing
these drugs because of tighter controls, they often turn to
increasingly available and cheaper heroin (Cicero et al.,
2014; DEA, 2016). When transitioning to heroin use, these
individuals are at high risk for poisoning because they are
accustomed to titrated prescription drugs and do not real-
ize that heroin varies in potency and can be cut or mixed
with dangerous and potentially deadly substances (Collier,
2013; DEA, 2016). Highly potent and lethal nonprescrip-
tion fentanyl and fentanyl analogs, such as carfentanil and
U47700, have flooded the illicit market. They commonly are
mixed with or substituted for heroin (DEA, 2016; SAMHSA,
2013). An experienced heroin user tests each buy with a tiny
bit to assess potency before deciding on the dose to take, but
a novice may fail to follow that procedure or may not be able
to judge well.

In our study, we examined sociodemographic character-
istics and state trends in drug poisoning deaths, as well as
estimated costs of drug poisoning deaths nationally and by
state. Our findings extend previous research on drug poison-
ing trends in adolescents and/or young adults (Curtin et al.,
2017; Gilchrist et al., 2012; Hedegaard et al., 2017). Our
analysis of sociodemographic characteristics and state trends
in drug poisoning death rates inform state-level intervention
planning. Public health practitioners in states with grow-
ing drug poisoning death rates may consider systems-level
interventions to reduce prescription drug poisoning, such
as expansion of prescription drug monitoring programs,
insurer strategies, pain clinic legislation, clinical guidelines,
and naloxone distribution programs (Haegerich et al., 2014).
We found that although drug poisoning deaths were mostly
unintentional, a small fraction were suicides. Hence, separate
intervention strategies should be tailored for suicide-related
drug poisoning. In addition, education for patients and phy-
sicians, development of prescription drug disposal methods
that are convenient and environmentally responsible, and
medication-assisted treatment combining medications with
counseling and behavioral therapies are promising strategies
to reduce drug poisoning death rates among adolescents and
young adults (SAMHSA, 2016b).

The burden of drug poisoning deaths among adolescents
and young adults is substantial, as reflected in the total costs.
Premature deaths from drug poisonings prevent individuals
from contributing goods and services in the marketplace,
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TaBLE 4.  Comprehensive costs of drug poisoning deaths among adolescents and young adults, by state, 2015

Medical costs

Work loss costs

Quality of life loss Total costs

State (2015 million $) (2015 million $) (2015 million $) (2015 million $)
Alabama 0.2 120.7 382.8 503.7
Arizona 0.7 221.9 688.2 910.8
Arkansas 0.1 57.4 181.9 239.4
California 2.1 633.9 1,980.7 2,616.7
Colorado 0.3 123.6 389.7 513.6
Connecticut 0.3 138.5 416.9 555.6
Florida 1.7 483.0 1,515.2 1,999.9
Georgia 0.9 2279 706.7 935.5
Tllinois 1.0 365.6 1,147.6 1,514.2
Indiana 1.1 2574 815.8 1,074.2
Towa 0.3 46.5 144.0 190.7
Kentucky 0.6 145.9 457.3 603.9
Louisiana 0.3 110.2 330.0 440.5
Maryland 0.8 199.2 619.1 819.1
Massachusetts 1.0 327.8 1,004.0 1,332.8
Michigan 1.1 324.6 1,029.6 1,355.2
Minnesota 0.2 94.9 287.1 382.2
Missouri 0.8 227.5 724.3 952.5
Nevada 0.3 77.9 245.1 3233
New Hampshire 0.2 84.5 263.1 347.8
New Jersey 0.8 317.6 965.5 1,283.9
New Mexico 0.1 72.8 225.2 298.1
New York 1.6 568.5 1,734.4 2,304.5
North Carolina 0.7 245.8 755.8 1,002.2
Ohio 1.7 529.3 1,651.1 2,182.1
Oklahoma 0.1 76.0 231.6 307.7
Oregon 0.2 57.2 174.6 232.0
Pennsylvania 1.8 600.0 1,877.7 2,479.5
Rhode Island 0.2 48.4 150.2 198.8
South Carolina 0.2 74.7 231.0 305.9
Tennessee 0.7 174.6 544.6 719.9
Texas 1.8 501.7 1,553.7 2,057.2
Utah 0.4 98.9 306.4 405.7
Virginia 0.6 213.6 655.5 869.7
Washington 0.6 141.7 452.4 594.8
West Virginia 0.3 91.5 295.6 387.4
Wisconsin 0.3 123.1 389.1 512.5
United States 27.1 8,520.8 26,506.9 35,054.8

Notes: Costs for Alaska, Delaware, District of Columbia, Hawaii, Idaho, Kansas, Maine, Mississippi, Mon-
tana, Nebraska, North Dakota, South Dakota, Vermont, and Wyoming not reported because of < 20 drug

poisoning deaths in those states.

the public sector, or the household. These deaths also have
a significant emotional and psychosocial toll on the victim’s
families and their communities. The value of these losses is
a cost borne by society. We provided costs of drug poisoning
deaths among adolescents and young adults based on widely
used cost estimates. Information regarding the costs of drug
poisoning deaths may help prioritize policies and programs
targeting drug use treatment and prevention.

Limitations

Although based on a mortality census, our findings have
limitations. The Multiple Cause of Death data used in this
study contain ICD-10 cause codes recorded on death cer-
tificates. Cause reporting variability between states and over
time are known issues when using death certificate data
(Heins & Crifasi, 2016). In 2008-2010, only 75% of drug

poisoning death certificates indicated specific drugs involved,
with states varying from 33% to 95% (Warner et al., 2013).
Another limitation of the Multiple Cause of Death data is
the rate at which states test decedents for drugs. If a state
starts testing more decedents and reporting the drugs used,
then its opioid death rate will appear to rise over time, unless
the time series is adjusted to allocate deaths by unspecified
drugs proportionally to the more specific categories. Indeed,
the spike in documented deaths from opioids resulted in part
from improved testing and reporting of opioid involvement.
Even the combined total drug poisoning measure is imper-
fect because budget constraints or deadlines for data submis-
sion can cause some deaths to be coded with uninformative
codes, like “R99: Other ill-defined and unspecified causes of
mortality” or “W78: Inhalation of gastric contents.” Approxi-
mately 80% of deaths with pending causes due to toxicology
testing time and cost, some of which include drug poisoning
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causes, are assigned an underlying code of R99 (Hedegaard
et al., n.d.).

Moreover, no standard training exists for those complet-
ing death certificates, primarily medical examiners and
coroners. Coroners typically have less medical training and
less familiarity with toxicological terminology than medical
examiners. Thus, compared with coroners, medical examin-
ers are more likely to specify drugs involved in drug poison-
ings (Warner et al., 2013). Wide variations in documentation
and toxicological testing practices across time and from state
to state indicate higher reliability of aggregated data on total
drug poisoning deaths than drug categories.

We did not conduct trend analysis and cost estimates
by the specific type of drug involved in death due to small
counts. However, a previous study on all-age drug poison-
ing deaths reported that deaths involving heroin, synthetic
opioids other than methadone (e.g., fentanyl and tramadol),
cocaine, and psychostimulants (e.g., methamphetamine) have
risen, whereas deaths involving methadone and natural and
semisynthetic opioid analgesics (e.g., oxycodone and hydro-
codone) have declined (Hedegaard et al., 2017). In addition,
we purposely restricted the range of drug categories analyzed
in this study. We examined opioids, both prescription or illic-
it, together to count all naturally derived, semisynthetic, and
synthetic substances that stimulate opioid receptors in the
brain, because toxicological tests cannot distinguish between
some drugs, notably heroin and pharmaceutical morphine.
Also, the Multiple Cause of Death data do not differentiate
prescribed from illicit use of specific drugs. Our labels for
drug categories were adapted from the CDC (2013) guide.
We categorized poisoning by unspecified narcotics (T40.6)
as unspecified drugs because this code is frequently used for
both opioids and cocaine derivatives in practice (Hedegaard
et al., n.d.).

Drug poisoning deaths often involve more than one drug
category. We found that nearly half of drug poisoning deaths
among adolescents and young adults involved more than one
drug category (data available from the authors upon request).
When CDC Wide-ranging Online Data for Epidemiologic
Research (WONDER) database users tabulate deaths by drug
category, WONDER includes deaths involving more than
one category of drug in the count for each category (Calca-
terra et al., 2013; Mack et al., 2013; Paulozzi et al., 2011;
Rudd et al., 2016a, 2016b). Summing those counts across
categories is inappropriate; it yields a count far exceeding
total drug deaths. We instead assigned deaths into one drug
category based on the first listed drug poisoning diagnosis
on the death certificate. Assigning a single drug category for
each death avoids double counting of drug-involved deaths.
Alternative methods of avoiding double counting would be
to weight all the drugs involved such that the weights sum
to 1, but any such weighting scheme would be arbitrary.
Another alternative would be to develop a hierarchy of
drugs according to their associated relative risks of death.

Future research is encouraged to inform and standardize re-
searchers’ categorization of deaths involving multiple drugs.
Future research may also examine trends in drug poisoning
deaths involving opioids only, pharmaceutical drugs only,
illicit drugs only, unspecified drugs only, and combinations
of drugs among adolescents and young adults.
Conclusions

Deaths among adolescents and young adults because of
drug poisoning is a serious public health issue. Death rates
have increased significantly for White, Asian/Pacific Islander,
and Black adolescents and young adults, as well as for those
in the Northeast and Midwest regions. We provided death
rates in states by drug categories (i.e., opioids, pharmaceuti-
cal drugs excluding opioids, illicit drugs excluding opioids,
and unspecified drugs). Total drug poisoning counts, howev-
er, are more reliable than drug categories because of varying
levels of testing and reporting of drugs among states. With
the burden of drug poisoning deaths among adolescents and
young adults estimated at $35.1 billion nationally, targeted
state-specific efforts are warranted to address drug poisoning
deaths in this population.
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