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A B S T R A C T

Background and aims: While prescribed and illicit opioid use are primary drivers of the national surges in
overdose deaths, opioid overdose deaths in which stimulants are also present are increasing in the U.S. We
determined the social determinants and sociodemographic factors associated with opioid-only versus poly-
substance opioid overdose deaths in Massachusetts. Particular attention was focused on the role of stimulants in
opioid overdose deaths.
Methods: We analyzed all opioid-related overdose deaths from 2014 to 2015 in an individually-linked popula-
tion database in Massachusetts. We used linked postmortem toxicology data to identify drugs present at the time
of death. We constructed a multinomial logistic regression model to identify factors associated with three mu-
tually exclusive overdose death groups based on toxicological results: opioid-related deaths with (1) opioids only
present, (2) opioids and other substances not including stimulants, and (3) opioids and stimulants with or
without other substances.
Results: Between 2014 and 2015, there were 2,244 opioid-related overdose deaths in Massachusetts that had
accompanying toxicology results. Toxicology reports indicated that 17% had opioids only, 36% had opioids plus
stimulants, and 46% had opioids plus another non-stimulant substance. Persons older than 24 years, non-rural
residents, those with comorbid mental illness, non-Hispanic black residents, and persons with recent home-
lessness were more likely than their counterparts to die with opioids and stimulants than opioids alone.
Conclusions: Polysubstance opioid overdose is increasingly common in the US. Addressing modifiable social
determinants of health, including barriers to mental health services and homelessness, is important to reduce
polysubstance use and overdose deaths.

1. Introduction

Drug overdose is the leading cause of accidental death in the U.S.,
with more

than 70,000 deaths in 2016 (Scholl et al., 2018). While opioids are
present and likely causative in the majority of overdose deaths
(Hedegaard et al., 2018; Scholl et al., 2018), it is crucial to gain a better
understanding of which other drugs may also be involved and who is
affected by polysubstance use. Studies have consistently demonstrated
an increased risk of overdose death with concurrent opioid and

benzodiazepine use (Hernandez et al., 2018; Sun et al., 2017). Con-
comitant use of stimulants—cocaine and methamphetamine—is rising
and may also confer an additional risk of mortality (Al-Tayyib et al.,
2017; Degenhardt et al., 2011; McCall Jones et al., 2017; Nechuta et al.,
2018; Seth et al., 2018; Shiau et al., 2017; Turner et al., 2018). While
other studies evaluated sociodemographic risk factors for drug overdose
deaths broadly (Kandel et al., 2017; Nechuta et al., 2018), few have
compared non-polysubstance opioid-related deaths with polysubstance
opioid-related deaths, specifically with regard to stimulants. This
knowledge gap may be fueling disparities in the public health response
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to the overdose crisis and might overlook key social determinants of
health that could help address the addiction crisis. We aimed to de-
termine the factors associated with opioid-related polysubstance over-
dose death compared with opioid death alone.

2. Methods

We analyzed data from the Massachusetts Public Health Data
Warehouse (PHD), previously described as the “Chapter 55″ database, a
state-permitted, individually-linked database from several
Massachusetts government agencies (Commonwealth of Massachusetts,
2017; The 190th General Court of the Commonwealth of Massachusetts,
2019). The PHD links claims-level data from the Massachusetts All-
Payer Claims Database (APCD) to other state databases that include
person-level demographics and data. Each record is de-identified and
assigned a unique identification number that is consistent across all
databases (Massachusetts Department of Public Health, 2017). We
analyzed opioid overdose deaths among persons 11 years of age and
older from January 1, 2014 through December 31, 2015. The creation
of the PHD was mandated by law, and work within it is conducted by a
public health authority.

First, we identified poisoning deaths in the Registry of Vital Records
and Statistics mortality files using the International Classification of
Disease (ICD-10) codes for underlying cause-of-death poisoning codes:
X40–49 (unintentional) or Y10–Y19 (undetermined intent). For this
study, we excluded X60–69 (intentional self-harm, suicide) and X85-
X90 (assault or homicide). For overdoses, the death certificate lists
drugs involved as immediate or contributory causes of death. These are
included as ICD-10 “T-codes.” Opioid involvement is indicated by the T-
codes T40.0, T40.1, T40.2, T40.3, T40.4, and T40.6. We included only
those opioid-related overdoses with toxicology data for opioids, sti-
mulants, and selected other substances obtained from the Office of the
Chief Medical Examiner (Supplementary Material).

Based on toxicology results, we divided the population into 3 mu-
tually exclusive groups: (1) opioid-related deaths with opioids only on
toxicology, (2) opioid-related deaths with opioids and an “other sub-
stance” (benzodiazepines, alcohol, marijuana, gabapentin, or clonidine)
not including stimulants (cocaine or amphetamines) on toxicology, and
(3) opioid-related deaths with opioids and stimulants with or without
another substance on toxicology. We constructed a multinomial logistic

regression model to compare these groups by certain variables (see
Supplementary Table 1 for complete variable definitions and data
sources). Hepatitis C virus (HCV) infection was not included in the
primary analysis since it is incompletely classified in the PHD. A re-
ference group was chosen for each independent variable. The com-
parison group among the three dependent variable categories of opioid-
related death was chosen as only opioids present on toxicology (opioids
alone). The model produced two sets of odds ratios and 95% confidence
intervals (CIs) for each non-reference exposure variable group: 1)
opioids and stimulants vs. opioids alone and 2) opioids and other
substances, but no stimulants, present on toxicology vs. opioids alone.

To further examine whether characteristics were different among
those who used opioids and stimulants only or opioids, stimulants, and
other substances, we performed a secondary analysis in which we ca-
tegorized the opioid-related deaths into 4 mutually exclusive toxicology
groups: (1) opioids only on toxicology (comparison group), (2) opioids
and stimulants only on toxicology, (3) opioids and other substances, but
no stimulants, on toxicology, and (4) opioids, stimulants, and other
substances on toxicology. The methods for this analysis were the same
as for the primary analysis.

3. Results

Between 2014 and 2015, we identified 2,928 opioid-related over-
doses in Massachusetts, and 2,244 (77%) had accompanying toxicology
results (Supplementary Table 2). Of these opioid-related deaths with
toxicology results, 72% involved fentanyl or heroin without prescrip-
tion opioids; 9% involved prescription opioids without fentanyl or
heroin; 19% involved both (Supplementary Table 3). Additionally, 83%
of these opioid-related deaths involved another substance in addition to
opioids. Specifically, 389 (17%) had opioids only; 1,047 (47%) had
opioids and another substance that was neither cocaine nor ampheta-
mines; 808 (36%) had opioids plus stimulants with or without another
substance. The breakdown of other substances present on toxicology is
outlined in Fig. 1.

The majority of opioid overdose deaths were among men (75%) and
non-Hispanic white residents (86%), followed by non-Hispanic black
residents (4.2%) (Table 1). Of the 808 deaths that involved stimulants,
the proportion of residents who were non-Hispanic black was 6.2%.
More than half (54%) of all overdoses occurred in people with

Fig. 1. Opioid-related overdose deaths with accompanying toxicology, 2014 and 2015, combined (n= 2,244).
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comorbid mental health disease.
Results of the multinomial regression are outlined in Supplementary

Table 4. Persons in both of the older age groupings (25–44 and 45 and
older) were more likely than the youngest age group (ages 11–24) to
overdose with stimulants present than with opioids alone (ages 25-44:
odds ratio (OR): 1.84, 95% confidence interval (CI): 1.23–2.76; ages 45
and older: OR: 1.7, 95% CI: 1.10–2.64). The majority of all overdose
deaths occurred among those living in non-rural areas (93%). Residents
of rural areas were less likely than residents of non-rural areas to
overdose with opioids and stimulants on toxicology than with opioids
alone (OR: 0.52, 95% CI: 0.33−0.84), whereas the opposite was true
for persons with other mental illness compared to those without mental
illness (OR: 1.56, 95% CI: 1.20–2.03). Finally, persons with recent in-
carceration were less likely than those without recent incarceration to
die of opioids with non-stimulant substances than with opioids alone
(OR: 0.53, 95% CI: 0.36−0.79).

There were also statistically significant and clinically notable find-
ings in the secondary analysis in which the population with stimulants
was subcategorized into those with and without other substances
(Supplementary Table 5). In this analysis, non-Hispanic black residents
were more likely than non-Hispanic white residents to die with sti-
mulants and opioids than with opioids alone (OR: 2.18, 95% CI:
1.01–4.70). Persons with current or recent homelessness were more
likely than persons without to die with stimulants and opioids than with
opioids alone (OR: 1.85, 95% CI:1.15−2.98).

4. Discussion

This study demonstrates that among Massachusetts residents who

die from an opioid-related overdose, five out of six (83%) involve an-
other substance in addition to an opioid, and 19% of all deaths involve
both heroin or fentanyl and prescription opioids. Using multiple sub-
stances, in addition to opioids, is the rule rather than the exception for
opioid-related deaths.

Our study supports the notion that there are sociodemographic risk
factors that are associated with overdose deaths that involve other
substances—particularly stimulants—along with opioids. This analysis
demonstrated that non-Hispanic blacks are twice as likely to die with
opioids and stimulants than with opioids alone compared with non-
Hispanic whites. A recent national study demonstrated that cocaine-
related overdose death rates in non-Hispanic blacks were nearly equal
to opioid-related overdose death rates in non-Hispanic whites (Shiels
et al., 2018). It appears non-Hispanic blacks are at increased risk for
death from opioid and stimulant use than their non-Hispanic white
counterparts, which may be the result, in part, of a cocaine supply that
is contaminated with illicitly produced fentanyl (Khatri et al., 2018;
Tomassoni et al., 2017). It is crucial to recognize this risk in an already
marginalized population such that education efforts address the in-
creasing risk of unintentional exposure to opioids in this population.

Our study is unique in that it highlights important modifiable risk
factors associated with different types of overdoses. For example, per-
sons with comorbid mental illness accounted for more than half of all
overdoses and were more likely to die with other substances—with or
without stimulants—than opioids alone. Current or recent homelessness
was a risk factor for overdose with opioids and stimulants, whereas
recent incarceration was a risk factor for overdose with opioids alone as
opposed to polysubstance overdose. Taken together, these findings
provide two key lessons. First, to adequately address the drug overdose

Table 1
Characteristics of opioid-related deaths with accompanying toxicology results in Massachusetts, 2014 and 2015 combined.

Total No. (%) Opioids alonea No. (%) Opioids+Other substancesb, without stimulantsc No.
(%)

Opioids +/- Other substances with stimulants No. (%)

Total 2244 389 (17) 1047 (47) 808 (36)
Age
11-24 224 (10) 53 (14) 110 (10) 61 (8)
25-44 1279 (57) 220 (56) 565 (54) 494 (61)
45+ 741 (33) 116 (30) 372 (36) 253 (31)

Sex
Male 1674 (75) 303 (78) 791 (76) 580 (72)
Female 570 (25) 86 (22) 256 (24) 228 (28)

Race/Ethnicity
White, non-Hispanic 1934 (87) 334 (87) 943 (91) 657 (82)
Black, non-Hispanic 94 (4) 13 (3) 31 (3) 50 (6)
Hispanic 186 (8) 34 (9) 59 (6) 93 (11)
Other 21 (1) § § §

Residence
Non-Rural Rural 2088 (93) 351 (90) 968 (92) 769 (95)

156 (7) 38 (10) 79 (8) 39 (5)
HIV status
Yes 24 (1) § § §

Homelessd

Yes 338 (15) 47 (14) 143 (42) 148 (44)
Mental health comorbiditye

Yes 1220 (54) 165 (42) 599 (57) 456 (56)
Incarceration in past 12 monthsf

Yes 149 (7) 28 (19) 51 (34) 70 (47)
MOUD in the past 12 monthsg

Yes 536 (24) 88 (16) 231 (44) 217 (40)

aOpioids include opiates, fentanyl, tramadol, designer fentanyl, heroin, hydrocodone, morphine, oxycodone, codeine, hydromorphone, oxymorphone, or prescription
opioids not otherwise classified) on toxicology.
bOther substances include marijuana, alcohol, gabapentin, benzodiazepines, or clonidine on toxicology.
cStimulants include cocaine and amphetamines on toxicology.
dHomelessness during any period of time.from 2011 to 2015.
eIncludes depression, bipolar disorder, schizophrenia.
fAny release from prison or jail in Massachusetts in the 12 months that preceded the fatal overdose.
gMedication for opioid use disorder; includes naltrexone, methadone, or buprenorphine in the 12 months that preceded the fatal overdose.
§Cells with 1–10 observations were suppressed.
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epidemic, modifiable risk factors— social determinants of health such
as access to mental health services, homelessness, and incarceration—
must be addressed on a systemic level. Second, interventions aimed at
decreasing overdose mortality need to account for the context of
polysubstance use. For instance, overdose with opioids alone among
persons recently released from incarceration may reflect the lack of
opioid use disorder treatment availability in the penal system.
Polysubstance opioid-related overdose may reflect inadvertent ex-
posure to opioids, which might be the case among those recently on
medications for opioid use disorder, or it may reflect the increased risk
of relapse among those with co-occurring substance use disorders and
mental health disorders (Brands et al., 2008; Maremmani et al., 2007;
White et al., 2014). It may also reflect that the combined use of sti-
mulants and opioids (e.g., “speedballs”) may lead a person to use in-
creased amounts of opioids or at increased frequency, leading to greater
risk of overdose (Glick et al., 2018). Also, people intending to use co-
caine, but who were opioid naïve, may unwittingly be exposed to fen-
tanyl mixed into cocaine, which may cause an opioid overdose (Khatri
et al., 2018; Tomassoni et al., 2017). Our study draws attention to the
heterogeneity of the problem at hand and that there is not a one-size-
fits-all approach to addressing the overdose epidemic, which is in-
creasingly driven by polysubstance use. The type of opioid, the pre-
sence of polysubstance use, and the social context all influence the type
of education and prevention approaches that are needed.

Some limitations to this study merit attention. First, we report only
opioid-related overdose deaths and did not examine overdose deaths
that did not include opioids as the cause of death based on ICD codes.
The original intent of the legislation that mandated the establishment of
the PHD was to study and respond to opioid-related overdoses (The
190th General Court of the Commonwealth of Massachusetts, 2019). As
a result, the toxicology results for non-opioid related deaths were not
initially included in the linked datasets. Also, the lack of comprehensive
toxicology on all decedents may limit the generalizability of the study.
Second, the two-year time period for this study was dictated by data
availability (i.e., toxicology reports only available for 2014 and 2015)
rather than a hypothesis-based justification. Future studies should as-
sess overdose trends over longer time horizons to corroborate or refute
these findings. Third, while the PHD individually links multiple data-
sets, in most cases these datasets are comprised of administrative data
that may be incomplete, such as the APCD that forms the backbone of
the database. Thus, certain characteristics (e.g., HCV status) are in-
completely classified and were not included in the analysis. Fourth, the
variable we used for rurality dichotomized rural and non-rural com-
munities, so we were not able to investigate differences in urban and
suburban locations. Finally, we did not include all possible drugs found
on toxicology; rather, we chose the ones most likely to be involved in
opioid overdoses. Future studies could consider additional drugs that
act on the central nervous system but were not included in this analysis.

5. Conclusions

In sum, we identified social determinants and sociodemographic
factors that are associated with opioid overdose deaths involving mul-
tiple substances. There is an urgent need to develop and implement
tailored programs that address polysubstance use among people who
use opioids, especially for populations that are marginalized by and
from the healthcare system. This is a crucially important step to ad-
dressing the crisis of drug-related harms and associated health dis-
parities in the U.S.
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