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Abstract

Background Psychoactive drug combinations are increasingly contributing to overdose deaths among White
and Black Americans. To understand the evolving nature of overdose crisis, inform policies, and develop tailored
and equitable interventions, this study provides a comprehensive assessment of polysubstance mortality trends
by race and sex during the opioid epidemic.

Methods We used serial cross-sectional US mortality data for White and Black populations from 1999 through 2018
to calculate annual age-adjusted death rates (AADR) involving any opioid, opioid subtypes, benzodiazepines, cocaine,
psychostimulants, or combinations of these drugs, stratified by race and sex. Trend changes in AADR were analyzed
using joinpoint regression models and expressed as average annual percent change (AAPC) during each period

of the three waves of the opioid epidemic: 1999-2010 (wave 1), 2010-2013 (wave 2), and 2013-2018 (wave 3). Preva-
lence measures assessed the percent co-involvement of an investigated drug in the overall death from another drug.

Results Polysubstance mortality has shifted from a modest rise in death rates due to benzodiazepine-opioid
overdoses among White persons (wave 1) to a substantial increase in death rates due to illicit drug combinations
impacting both White and Black populations (wave 3). Concurrent cocaine-opioid use had the highest polysubstance
mortality rates in 2018 among Black (5.28 per 100,000) and White (3.53 per 100,000) persons. The steepest increase
in death rates during wave 3 was observed across all psychoactive drugs when combined with synthetic opioids

in both racial groups. Since 2013, Black persons have died faster from cocaine-opioid and psychostimulant-opioid
overdoses. Between 2013 and 2018, opioids were highly prevalent in cocaine-related deaths, increasing by 33%

in White persons compared to 135% in Blacks. By 2018, opioids contributed to approximately half of psychostimu-
lant and 85% of benzodiazepine fatal overdoses in both groups. The magnitude and type of drug combinations

with the highest death rates differed by race and sex, with Black men exhibiting the highest overdose burden begin-
ning in 2013.

Conclusions The current drug crisis should be considered in the context of polysubstance use. Effective measures
and policies are needed to curb synthetic opioid-involved deaths and address disparate mortality rates in Black
communities.
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Background

Drug overdose has claimed the lives of almost a million
Americans since the beginning of the opioid epidemic in
1999 and continues to escalate as a public health emer-
gency [1]. Recent data estimated an increase in drug over-
dose deaths from 67,367 in 2018 to more than 107,000 in
2021 [2]. During this period, opioids were involved in
approximately 75% of overdose deaths [3, 4]. The Cent-
ers for Disease Control and Prevention (CDC) character-
ized mortality trends involving opioids into three waves
based on the opioid subtype driving overdose death. The
first wave spanned from 1999 to 2010 and was primar-
ily driven by prescription opioid overdose. Deaths due to
heroin triggered a second wave in 2010, and a third wave
began in 2013 with a surge in deaths due to synthetic opi-
oids, mainly illicitly manufactured fentanyl and its ana-
logs [4]. Public health surveillance reports and studies on
drug use and mortality have documented the emerging
threat from stimulants and polysubstance use in what
some experts termed as the “fourth wave” of the opioid
crisis [5=7].

Polysubstance use is a risk factor for drug overdose [8].
It refers to the exposure to more than one drug, together
or within a short time period, with or without the per-
son’s knowledge, for either therapeutic or recreational
purposes [9]. It might involve the concurrent use of
multiple opioids or the combination of an opioid and a
nonopioid drug. In a national survey of 15,741 patients
entering treatment for opioid use disorder (OUD), almost
all participants reported concurrently using at least one
nonopioid drug in the previous month [10]. The high
potency, low cost, and ease of production of the synthetic
opioid fentanyl facilitated mixing it with other drugs and
contributed to recent spikes in overdose deaths [11-13].

Polysubstance use has complicated the opioid epidemic
by challenging mitigating policies and prevention strate-
gies and adversely affecting patient outcomes in opioid
treatment programs [14]. The concurrent use of vari-
ous substances in patients with OUD has been associ-
ated with a lower likelihood of receiving medications for
OUD and reduced treatment retention [14—16]. Unlike
the effective medication-assisted therapy for OUD, there
are currently no approved or effective pharmacologic
treatments for addressing other substance use disorders
or polysubstance use [17, 18]. Harm reduction strategies
like naloxone only reverse overdoses from an opioid and
may not be effective in conventional doses in the pres-
ence of the lethal, rapidly acting fentanyl. Furthermore,
opioid-naive drug users are not a typical target for nalox-
one distribution and are more likely to overdose when
inadvertently consuming fentanyl-laced drugs [19].

The impact of the opioid crisis on White and Black
Americans has varied over time. The dramatic increase
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in opioid-related deaths during wave 1 resulted from
misleading pharmaceutical marketing and opioid anal-
gesics overprescribing that disproportionately affected
White persons, especially in suburban and rural areas.
This stereotyped the opioid crisis as a “White epidemic”
and marginalized Black persons from the opioid narra-
tive presuming they were protected due to the inherent
disparities in prescribing narcotic analgesics to Black
patients [20-22]. Both racial groups, however, expe-
rienced unprecedented death rates due to heroin and
synthetic opioids during the second and third waves,
respectively [23]. Only recently has the opioid crisis in
Black communities gained attention with the marked
increase in opioid death rates among Black persons
over the past decade [22, 24, 25]. Furr-Holden and col-
leagues investigated all opioid-involved death rates by
race between 1999 and 2018. Unlike the increasing trends
in White persons that aligned with the three-wave depic-
tion of the opioid epidemic, death rates among Black
persons were low and flat and then accelerated sharply
starting in 2012 at a higher rate than their White coun-
terparts [26]. A recent study by Kariisa and colleagues
attributed the sharp increase in death rates from cocaine
overdose since 2013 in both White and Black persons to
opioid co-involvement, with Black individuals experienc-
ing disproportionally higher rates of cocaine- and opioid-
involved deaths [27].

The growing evidence of polysubstance use as a cause of
overdose death necessitates a comprehensive assessment
to describe and quantify combinations driving overdose
mortality among subgroups of the US population. Epi-
demiological studies and reports investigating overdose
deaths have primarily focused on opioids with limited
emphasis on polysubstance overdose. Racial differences
in polysubstance mortality and the interaction between
race and sex have also not been adequately described
despite the surge in overdose death rates among Black
Americans. This inadequate characterization of overdose
mortality poses risks to the success of policies and pub-
lic health measures targeting addiction and drug crisis.
Additionally, there remains a knowledge gap in how poly-
substance mortality patterns have evolved over time, par-
ticularly when mapped to the three distinct waves that
define the opioid epidemic. Strengthening our under-
standing of the epidemic is one of the five major priorities
the US Department of Health and Human Services has
set to respond to the opioid crisis [28]. Thus, this study
aims to investigate and compare the changes in polysub-
stance mortality among White and Black Americans due
to different drug combinations as compared to the overall
mortality from psychoactive drugs within the context of
the three waves of the opioid epidemic. The comparison
of trends from the two perspectives of polysubstance and
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overall mortality is important because reporting the lat-
ter has been the standard practice in overdose mortal-
ity research. As a secondary objective, we assess trends
in polysubstance mortality at the intersection of race
and sex. This multifaceted approach provides a compre-
hensive characterization and understanding of polysub-
stance mortality patterns among diverse subpopulations.
It serves as a preliminary step towards identifying at-risk
groups and developing targeted treatment and harm
reduction measures to effectively address the complex
landscape of drug crisis.

Methods

This population-based cross-sectional study examined
mortality trends in White and Black Americans that
involved combinations of psychoactive therapeutic and/
or illicit drugs commonly reported as a cause of overdose
deaths [29]. Drug classes analyzed were opioids, benzo-
diazepines, cocaine, and psychostimulants with abuse
potential other than cocaine (mainly including metham-
phetamine, hereafter referred to as psychostimulants).
In addition to identifying deaths from combinations co-
involving any opioid drug, three opioid subtypes (pre-
scription opioids, heroin, and synthetic opioids) were
investigated given their role in fueling the opioid epi-
demic. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines for reporting cross-sectional studies and the
National Center for Health Statistics (NCHS) guidelines
for analysis of trends [30, 31]. It was exempt from review
by the institutional review board at the University of Wis-
consin-Madison as it used publicly available de-identified
data.

Data source and study population

We used 1999 through 2018 data from the National Vital
Statistics System (NVSS) multiple cause-of-death files,
population-level microdata compiled by the NCHS from
death certificates filed in all 50 US states and the District
of Columbia [32]. The NVSS mortality data provide the
most complete data on deaths in the United States and
have been extensively used in surveillance reports and
studies investigating drug overdose deaths [3, 5, 12, 33].
Each observation includes the demographic information
of the deceased US resident, a single underlying cause
that directly led to death, and up to 20 multiple causes
contributing to death. Underlying causes of death due
to drug poisoning or overdose were identified based
on the International Classification of Diseases, 10th
revision (ICD-10) codes X40-X44 (unintentional),
X60-X64 (suicide), X85 (homicide), or Y10-Y14 (unde-
termined intent). Overdose deaths were then restricted
to the specific drugs investigated in this study using the
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corresponding ICD-10 multiple-cause-of-death codes
listed in Additional File Table 1. We defined “polysub-
stance death” as a drug-related death record that included
codes from at least two investigated drugs. “Overall mor-
tality” from a drug refers to all deaths involving this spe-
cific drug, whether alone or in combination with any
other drug.

Statistical analysis

Data were analyzed using R for Windows (version 3.6.0)
and the Joinpoint Regression Program (version 4.8.0.1)
[34]. First, data were aggregated to identify annual death
counts for Black and White populations stratified by
5-year age groups (i.e,<5,5-9, ..., 85+) for each investi-
gated drug overall and for combinations involving at least
two drugs. Using the US Census Bureau bridged-race
national population estimates as the denominator [35],
we computed the annual death rates per 100,000 popula-
tion that were age-adjusted to the 2000 US standard pop-
ulation using the direct method [36].

Joinpoint regression analysis was used to fit weighted
least square regression models on a log-linear scale to
the observed annual age-adjusted death rate (AADR)
stratified by race (White and Black persons), sex (men,
women, all persons), and specific drug/drug combina-
tion categories. Allowing a maximum of three joinpoints
and using a Monte Carlo Permutation test, we identified
the parsimonious number of joinpoints that mark the
breaking points for years when mortality trends signifi-
cantly changed during the study period. The log-linear
model facilitated trend comparison by estimating the
Annual Percent Change (APC) and associated 95% con-
fidence interval from the slope of each fitted trend seg-
ment, which quantifies a constant change in death rate
over time for each segment. The Average Annual Per-
cent Change (AAPC), a weighted average of APCs, pro-
vided a summary of the APCs over three pre-specified
fixed intervals (1999-2010, 2010-2013, and 2013-2018),
which correspond to the CDC’s defined three waves of
the opioid epidemic. The AAPC difference between Black
and White persons for each of these three intervals rep-
resents disparities in trends. The program uses t-tests to
assess the statistical significance of APCs, AAPCs, and
Black-White differences in AAPCs. All analyses were car-
ried out using a two-sided statistical significance level of
0.05. A trend segment was described as increasing/rising
or decreasing/declining if the p-value of the slope was
statistically significant.

Prevalence measures identified the percent co-involve-
ment of an investigated drug in the overall death of
another for all White and Black persons and for men and
women of each racial group. For example, the prevalence
of opioids in cocaine overdose deaths was calculated in
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White and Black populations separately by dividing the
number of deaths in a year in which at least one opioid
drug and cocaine were concurrently reported as a cause
of death by the overall death counts that involved cocaine
for that year.

Results

AADR and mortality trends co-involving any opioid

Figure 1 and Table 1 display mortality trends in Black
and White persons due to three nonopioid classes
(cocaine, benzodiazepines, and psychostimulants) over-
all and when combined with at least one opioid drug.
Of the investigated nonopioids, cocaine-related over-
dose resulted in the highest AADR per 100,000 in 2018
in Black persons (8.76), which doubled that of Whites
(4.31). Conversely, psychostimulants and benzodiaz-
epines had more than two-fold higher death rates among
White persons (4.56 and 3.93, respectively) compared to
Blacks (2.12 and 1.51, respectively) in 2018. When deaths
were limited only to records concurrently involving an
opioid, both Black and White persons experienced the
highest death rates from cocaine-opioid combinations in
2018 (5.28 vs 3.53, respectively).

Overall cocaine death rates were consistently higher
in Black than White persons throughout the study
period and markedly increased during the third
wave of the opioid epidemic at a similar pace in both
racial groups (AAPC Black-White difference=-3.37,
p=0.44) (Fig. 1, Table 1). However, Black mortality rose
at a faster rate from concurrent cocaine-opioid overdoses
during wave 3 (AAPC Black-White difference=12.37,
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p=0.03). Unlike cocaine, death rates from benzodi-
azepines or psychostimulants overdose were consist-
ently higher in White than Black persons during the
entire study period (Fig. 1). AADRs from benzodiaze-
pine-opioid combinations were very close to the over-
all rates from benzodiazepines and their trends showed
similar patterns of change including two periods of
significant increases during waves 1 and 3, with no sig-
nificant racial differences. Psychostimulant mortality
trended upwards during all three waves, with an acceler-
ated increase during wave 3 that was more pronounced
among Black persons (AAPC Black-White differ-
ence=11.89, p<0.001) (Table 1). Psychostimulant-opi-
oid combinations revealed widening racial disparities in
mortality trends during wave 3 (AAPC Black-White dif-
ference=19.90, p <0.001).

AADR and mortality trends co-involving specific opioid
subtypes

Synthetic opioids had the highest AADR among all inves-
tigated opioid/nonopioid drugs (Fig. 2, Table 2) exceed-
ing 10 per 100,000 in both racial groups in 2018, up from
1.13 (White persons) and 0.47 (Black persons) in 2013.
This steep increase was an average of 60.43% per year
in White persons compared to 90.85% in Black counter-
parts; the AAPC Black-White difference was statistically
significant in a sensitivity analysis excluding an outlier
data point in 2006 (Additional File Table 2). Synthetic
opioids substantially influenced polysubstance mortal-
ity in both races, especially when combined with cocaine
or heroin. The AADR due to synthetic opioid-cocaine

C. Psychostimulants

—e— All Psychostimulant, White

—e—  Psychostimulant+Opioid, Black

—e— Psychostimulant+Opioid, White '
'

Age-adjusted Death Rate (per 100,000)
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Year
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Year Year
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Fig. 1 Mortality trends from (A) cocaine, (B) benzodiazepines, and (C) psychostimulants overall and in combination with opioids by race,
1999-2018. Notes: Dots represent observed age-adjusted death rates, while solid lines represent modeled rates. Trend segments were fitted

using joinpoint regression modeling. Segments are connected at joinpoints denoting years of significant changes in trend. The slope of each
segment represents the Annual Percent Change (APC). Vertical dashed lines at 2010 and 2013 mark the beginning of the second and the third
waves of the opioid epidemic, respectively. Death rates were calculated per 100,000 population and adjusted to the 2000 US standard population.
Overall mortality from a specific drug is all deaths involving this drug whether alone or when combined with any other drug of abuse. Data are

from the Centers for Disease Control and Prevention [32, 35]
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Fig. 2 Mortality trends due to combinations of opioids and other psychoactive drugs by opioid subtype and race, 1999-2018. Notes: Dots
represent observed age-adjusted death rates, while solid lines represent modeled rates. Trend segments were fitted using joinpoint regression
modeling. Segments are connected at joinpoints denoting years of significant changes in trend. Death rates were calculated per 100,000
population and adjusted to the 2000 US standard population. Opioid subtypes are heroin, prescription opioids, and synthetic opioids. Data are

from the Centers for Disease Control and Prevention [32, 35]

combinations increased from 0.08 to 2.79 in White per-
sons and from 0.10 to 4.39 in Black persons between 2013
and 2018 at average rates of 111.82% and 123.45% per
year, respectively (AAPC Black-White difference=11.63,
p=0.42) (Table 2). As for synthetic opioid-heroin combi-
nations, the AADR increased from 0.08 to 3.10 in White
persons compared to 0.06 to 3.48 in Black persons at
average rates of 88.42% and 114.52% per year, respec-
tively (AAPC Black-White difference=26.11, p=0.09).
Even though AADR in 2018 from synthetic opioid-psy-
chostimulant overdose in White (1.41) and Black (0.55)
persons were not as high as other combinations involving
synthetic opioids, rates had sharply increased since 2013
with Black persons experiencing a disproportionately
faster average annual increase (122.75%) compared to
Whites (87.42%) (AAPC Black-White difference=35.33,
»<0.001) (Table 2).

Heroin ranked second in terms of overdose death
rates from an opioid drug reaching 523 and 4.77 per
100,000 among White and Black persons in 2018, respec-
tively (Table 2). Heroin death rates accelerated starting in
2010 in both racial groups, with a faster increase observed

among Black persons. The two drugs that resulted in the
highest mortality when concomitantly used with heroin
were synthetic opioids followed by cocaine (Fig. 2). Death
rates due to prescription opioid overdose were higher in
White compared to Black persons during the entire study
period. Rates in White persons increased during wave 1
and then leveled off during subsequent waves; however,
Black death rates from prescription opioids continued to
modestly increase throughout all waves (Fig. 2). When
records were limited to combinations of prescription and
synthetic opioids, rates steeply increased in both racial
groups during wave 3.

AADR and mortality trends by race and sex

When stratified by race and sex (Additional File Figure 1,
Additional File Tables 3 and 4), mortality trends across
all investigated drugs were consistently higher in men
than women of the same racial group. Trends in men
mirrored, but were more pronounced than, correspond-
ing trends among all persons. During wave 3, death rates
involving any opioid overdose increased twice as fast in
Black persons compared to White counterparts. Black
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men experienced the fastest death rate from an opioid
at an average annual increase of 30% (95% CI=25.00,
35.23) (Additional file: Table 3). The most remarkable
AADRs in 2018 were observed for all cocaine-involved
death among Black men (13.37 per 100,000), which was
twofold higher than in White men, and synthetic opioid
deaths in both White and Black men, which exceeded 15
per 100,000 (Additional file: Table 3). The magnitude and
type of drug combinations with the highest death rate in
2018 differed by race and sex. White women were likely
to die from combinations of opioids and benzodiazepines
(2.70 per 100,000) (Additional file: Table 4). Cocaine-opi-
oid mixing, however, resulted in the highest death rates
among White men, Black men, and Black women (4.91,
7.99, and 2.90 per 100,000, respectively) (Additional file:
Tables 3 and 4).

We developed an interactive web-based dashboard to
compare mortality trends associated with different psy-
choactive drugs, both overall and when used in conjunc-
tion with other investigated substances of abuse. This
tool allows users to explore mortality trends across race,
sex, and the three waves of the opioid epidemic. Users
can interactively access our study results and find addi-
tional information on overdose deaths by visiting the fol-
lowing link: https://rawy.shinyapps.io/drugmortapp/.

Prevalence measures

As shown in Table 1 and Fig. 3, approximately 80% of all
cocaine-related deaths concomitantly involved an opioid
drug in White persons compared to 60% in Black persons
in 2018. However, the increase in opioid co-involvement
between waves 1 and 3 was 33% among White persons
compared to 135% among Black persons. In 2018, more
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than 50% of psychostimulant-related deaths in White
persons included an opioid drug compared to 40%
in Black persons. Opioid prevalence in psychostimu-
lants deaths increased by 44% and 82% among White
and Black persons, respectively compared to wave 1.
Synthetic opioids exhibited a sharp co-involvement in
cocaine and psychostimulants deaths since 2013 (Fig. 3).
Unlike cocaine and psychostimulants, opioids were
highly prevalent in benzodiazepine deaths (>80%) during
the entire study period, although the specific contribut-
ing opioid shifted from prescription to synthetic opi-
oid between waves 1 and 3 (Fig. 3). Among individuals
dying from a heroin overdose (Additional File Figure 2),
synthetic opioid co-involvement increased steeply since
2013, followed by cocaine as the second most common
contributor to heroin deaths in both groups. A rising pat-
tern in synthetic opioid co-involvement in prescription
opioid deaths was also observed at a time benzodiazepine
co-involvement was plateauing (Additional file: Figure 2).
No major differences in findings were observed when
results were disaggregated by sex (see online interactive
dashboard — https://rawy.shinyapps.io/drugmortapp/).

Discussion

This study explored the evolving trends in mortality due
to polysubstance use between 1999 and 2018, comparing
them to mortality trends from specific drugs of abuse. We
investigated a comprehensive list of opioid and nonopioid
drugs that have received public health attention over the
past two decades. Disaggregating results by race and sex
provided insights on the differential impact of polysub-
stance mortality based on sociodemographic characteris-
tics. Evidence of mortality due to simultaneous exposure
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to two or more drugs can be traced back to the beginning
of the opioid epidemic. We found that combinations of
opioid analgesics and benzodiazepines were increasingly
a common cause of polysubstance death during wave 1,
primarily impacting White persons. Beginning in wave 3,
however, polysubstance mortality involving illicit drugs
has had a staggering influence on accelerating overdose
deaths among both White and Black Americans, particu-
larly combinations of synthetic opioids with cocaine or
heroin.

The pattern of polysubstance mortality observed dur-
ing the first wave aligned with the overprescribing of
opioid analgesics among White persons [20, 37], an asso-
ciated increase in benzodiazepine prescriptions [38], and
the common practice of their concomitant use [39]. This
surge in overdose deaths subsequently triggered multi-
ple mitigating measures, including the introduction of
prescription drug monitoring programs and the Food
and Drug Administration’s issuance of a boxed warn-
ing on the risks associated with benzodiazepine-opioid
coadministration. Empirical evidence suggests that these
measures might have contributed to suppressing the ris-
ing deaths from prescription opioids or their combined
use with benzodiazepines by curtailing inappropriate
prescribing [37, 40, 41]. Nonetheless, as the demand for
opioids continued to rise and access to prescription-
controlled substances became more restricted, effective
strategies were lacking to counteract the growing avail-
ability and affordability of illicit drugs that substantially
contributed to polysubstance mortality during waves 2
and 3.

Our results highlight the limitations of adopting a
single-drug perspective in the US narrative of the drug
crisis, which fails to capture the intertwined nature of
the overdose epidemic and the role of important com-
binations in potentiating overdose risk. For instance, the
potency of psychoactive drugs considerably increases
when mixed or adulterated with the synthetic opioid
fentanyl due to its extreme lethality. We found that the
steepest rise in mortality occurred during wave 3 across
all drugs when fentanyl was involved, consistent with
evidence on increased mixing of fentanyl with other
illicit drugs or its inclusion in counterfeit pharmaceuti-
cal pills [11, 42, 43], in addition to the unawareness of
many drug users that they are taking drugs laced with
fentanyl [43, 44]. Another fatal combination arises when
a benzodiazepine is co-ingested with an opioid drug due
to its synergistic effect on opioid-mediated respiratory
and central nervous system depression. Opioids had the
highest co-involvement in benzodiazepine deaths during
the entire study period, underscoring the life-threatening
effect of this combination and supporting previous find-
ings that benzodiazepines are rarely fatal if not co-used
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with opioids [29]. The shift in fatal benzodiazepine-
opioid combinations, from prescription opioids to syn-
thetic opioids, is not surprising and reflects the transition
occurring in the drug supply market. Our findings align
with more comprehensive toxicological data from the
CDC’s State Unintentional Drug Overdose Reporting
System (SUDORS). Among the 25 states participating
in SUDORS in 2018, most opioid overdose deaths (63%)
involved a nonopioid drug, including benzodiazepines,
cocaine, or methamphetamine [45].

The three-wave representation of the opioid epidemic
provides a valuable framework for understanding the
overarching trends in polysubstance mortality, particu-
larly the shift from prescription to illicit drugs. However,
this framework does not fully capture the nuanced and
evolving nature of overdose crisis given the complex
interaction between opioids and other substances of
abuse. While opioids contributed to the majority of drug
overdose deaths, we found a fast increase in the overall
death rates of investigated nonopioid drugs since 2013,
which mirrored mortality trends when these drugs were
combined with opioids. These findings align with pre-
vious research highlighting the rapid increase in death
rates from nonopioids, primarily driven by their concur-
rent use with opioids [29, 33, 46].

Our study identified an emerging racial disparity in
mortality trends starting in 2013. Black persons were
dying at average annual rates significantly faster than
Whites for nearly all investigated drugs, including any
opioid, psychostimulants, heroin, synthetic opioids,
cocaine-opioid, psychostimulant-opioid, and psycho-
stimulant-synthetic opioid combinations. These findings
are consistent with growing evidence on the disparate
increase in overdose death rates among Black persons
during the third wave of the opioid epidemic [26, 47].
Multiple factors associated with underlying structural
racism and social determinants of health could have con-
tributed to these disparities [48, 49]. First, access to treat-
ment was cited as a barrier in racially segregated Black
communities due to low treatment capacity to meet
patients’ needs [50], the disproportionate concentration
of highly regulated and stigmatized methadone clinics
compared to buprenorphine providers [51], and limited
access to pharmacies where drug users or bystanders can
purchase naloxone [52]. Additionally, long-standing mis-
trust of the healthcare system among Black Americans
and the stigma associated with seeking OUD treatment
[53] have been documented as significant barriers. Sec-
ond, the high concurrent use of cocaine or methamphet-
amine with opioids, as observed among Black persons
in our study, along with the low socioeconomic status in
Black communities, are risk factors associated with poor
treatment retention for addiction [14, 54]. Third, Black
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persons are more likely to face criminal charges for drug-
related offenses compared to their White counterparts,
which makes them less likely to initiate an emergency
response [55, 56] and renders them more vulnerable to
overdosing following release from correctional facilities
[57].

Lastly, our analysis consistently revealed a higher over-
dose mortality rate among men than women across both
racial groups, reflecting the reported higher illicit drug
use among men [58]. Black men specifically experienced
a high death burden from cocaine and opioids overall or
when combined. This is likely attributed to the higher use
of cocaine, especially crack, among Black persons com-
pounded with the proliferation of opioids in the cocaine
supply [58]. While mortality rates were generally lower
for women, they experienced a significant increase in
mortality trends from different drugs/combinations dur-
ing the third wave. The highest polysubstance mortality
among Black women resulted from cocaine-opioid use.
Benzodiazepine-opioid combinations, however, contin-
ued to be the leading cause of polysubstance mortality
among White women, which is in line with the reported
high prescribing and use patterns of these drugs within
the White female population [20, 39, 59]. Prevention and
treatment approaches for substance use disorders should
account for the unique needs and differences in addic-
tion pathways and treatment outcomes between men and
women. For example, women are at a higher risk of expe-
riencing acute and chronic pain [60] and are more likely
to be prescribed opioids than men [39]. Moreover, they
encounter special barriers to OUD treatment, including
higher perceived stigma, safety concerns, lower satisfac-
tion with traditional treatment compared to women-only
programs, and a higher prevalence of co-morbid psychi-
atric conditions [61].

The interpretation of our study results should consider
several limitations. First, the Joinpoint Regression pro-
gram does not allow controlling for covariates. Nonethe-
less, the AADR is a widely used and accepted measure for
comparing mortality across populations over time while
accounting for the differences in age distribution [36].
Second, the decision to focus exclusively on Black and
White populations in our analysis was primarily driven
by analytical and data constraints. Racial minorities with
small population sizes have a small number of death
counts when data are disaggregated at multiple levels,
including year, race, sex, and specific drugs/drug com-
binations, rendering the computation of age-adjusted
death rate statistically unreliable [62]. Moreover, unlike
the high-quality reporting of race on death certificates
for Black and White populations, evidence exists on the
discrepancy in how the race/ethnicity of other groups,
especially the American Indian or Alaska Native (AI/AN)
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population, was recorded by a funeral director on death
certificates compared to self-reported census data [63].
This misclassification is known to impact the accuracy of
death rate calculations, as demonstrated by a 40% under-
estimation in overdose deaths among AI/AN when race
on Washington death certificates was corrected using
tribal registry data [64]. Third, mortality data cannot dif-
ferentiate between overdose deaths resulting from inten-
tional mixing of two or more drugs, drug adulteration, or
accidental contamination. Qualitative and mixed meth-
ods studies should corroborate surveillance data to bet-
ter understand the nature of polysubstance use. Fourth,
the drug(s) involved in deaths were not specified in 17%
to 25% of drug overdose fatalities throughout the study
period (ICD-10 code T50.9), which potentially underes-
timates death rates associated with specific drugs or drug
combinations [65, 66]. Finally, improvements in post-
mortem toxicological screening techniques over time,
along with the geographic variations in the accuracy of
screening, might have affected death rates and trends,
especially in cases involving fentanyl analogs and other
novel synthetic opioids [67, 68].

Policy implications

In addition to the CDC'’s advisory recommendations for
a multidimensional approach targeting all stakeholders
when responding to overdose crisis [69], our study high-
lights three critical issues that need immediate attention.
First, polysubstance use should be considered the current
norm when treating addiction. Opioid treatment pro-
grams should routinely screen for polysubstance use and
adopt holistic treatment approaches, ideally combining
pharmacologic and behavioral therapy [14]. Periodic sur-
veillance using timely data is vital to effectively address
the dynamic shifts in polysubstance use and death pat-
terns across time, race, and geographic regions. The
replacement of “polysubstance use” as a diagnosis with
the broader term “substance use disorder” in the Diag-
nostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-V) fails to distinguish between single and
multiple drug use, raising concerns about the need for
clearer terminologies to describe the worsening phenom-
enon of polysubstance use [70, 71]. Second, addressing
racial disparities in drug overdose requires interventions
across the continuum of primary, secondary, and ter-
tiary prevention. This involves addressing the underlying
social determinants of health associated with addiction,
expanding Medicaid coverage in all states, reforming
criminal justice policies, facilitating safe community
transition following incarceration, and developing cultur-
ally tailored interventions that ensure equitable access to
medication-assisted therapy and harm reduction meas-
ures. Third, given how the synthetic opioid fentanyl and
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its analogs have plagued the illegal drug market [11],
exacerbating polysubstance overdose deaths among
Black and White communities, measures to address fen-
tanyl-related use and overdose can change the landscape
of the drug crisis. This includes expanding access to med-
ication-assisted therapy, especially in racially segregated
and underserved areas, and adopting novel harm-reduc-
tion approaches, like distributing fentanyl testing strips,
expanding safe-drug consumption sites, and updating
naloxone distribution policies [72, 73].

Our study contributes to the existing literature by pro-
viding a comprehensive assessment of the impact of drug
combinations on overdose deaths among White and
Black Americans during the two decades of the opioid
crisis preceding the onset of the COVID-19 pandemic.
The CDC-defined third wave of the opioid epidemic,
which began in 2013 and was driven by synthetic opioids,
marks a period when polysubstance mortality dominated
drug overdose deaths. This period concurrently wit-
nessed a disproportionate surge in mortality rates among
Black Americans, especially Black men, surpassing those
observed among their White counterparts. Understand-
ing trends in polysubstance mortality and demographic
variations by race and sex better describes the US opioid
epidemic and drug crisis, supports data on the changes
in the supply market of illicit drugs, and guides targeted
policies and evidence-based strategies to address the
drug crisis equitably among all impacted groups. The
COVID-19 public health emergency has worsened the US
drug crisis and substantially increased overdose deaths
[2]. Future research should investigate the impact of the
pandemic-related psychosocial stressors and disruptions
to the OUD treatment, as well as the expansion of tele-
health treatment modality and digital divide on pre-exist-
ing racial disparities in drug crisis [69, 74]. Additionally,
more research is needed to investigate and address the
unique challenges and health disparities encountered by
other racial/ethnic groups, especially the AI/AN popula-
tion, which experienced the largest increase in overdose
death rates as indicated in recent reports [75, 76]. Cor-
recting for AI/AN race misclassification on death certifi-
cates is recommended to avoid underestimating overdose
deaths in this group [64].

Conclusions

Polysubstance use has increasingly become the norm in
drug overdose mortality, fueled by illicit drug combinations
over the last decade. While the three-wave depiction of the
opioid epidemic reflects the influence of opioids on over-
dose deaths, it does not fully characterize the changes in
the extent and type of fatal polysubstance overdoses. The
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standard practice of reporting the overall mortality from a
psychoactive drug masks the evolving nature of the drug
crisis and hinders the effectiveness of measures to end this
two-decade-long epidemic. Starting in 2013, synthetic opi-
oids have substantially accelerated polysubstance mortality
involving other opioid and non-opioid drugs in both racial
groups. Compared to Whites, Black Americans are expe-
riencing a faster surge in death rates from psychoactive
drugs, spanning a range of substances, including any opi-
oids, synthetic opioids, heroin, psychostimulants, and the
concurrent use of cocaine/psychostimulants with opioids.
White women are more vulnerable to overdosing when
concurrently consuming opioids and benzodiazepines, a
pattern that contrasts with the predominance of opioid-
cocaine combinations among deaths in White men, as well
as Black men and women. Characterizing these trends is
essential for developing effective and targeted strategies to
address the ongoing opioid epidemic and the broader drug
crisis among different subpopulations.
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