
Contents lists available at ScienceDirect

Drug and Alcohol Dependence

journal homepage: www.elsevier.com/locate/drugalcdep

Short communication

Accidental drug overdose deaths in Connecticut, 2012–2018: The rise of
polysubstance detection?
Taeho Greg Rheea,b,c,d,*, Joseph S. Rossd,e,f, Robert A. Rosenheckb,c,f, Lauretta E. Graug,
David A. Fielline,f, William C. Beckere,h
a Department of Public Health Sciences, School of Medicine, University of Connecticut, Farmington, CT, United States
bDepartment of Psychiatry, School of Medicine, Yale University, New Haven, CT, United States
cMental Illness Research, Education and Clinical Center of New England, US Department of Veterans Affairs Connecticut Healthcare System, West Haven, CT, United States
d Yale Center for Outcomes Research and Evaluation, Yale-New Haven Hospital, New Haven, CT, United States
e Section of General Internal Medicine, Department of Internal Medicine, School of Medicine, Yale University, New Haven, CT, United States
fDepartment of Health Policy and Management, School of Public Health, Yale University, New Haven, CT, United States
g Department of Epidemiology of Microbial Diseases, School of Public Health, Yale University, New Haven, CT, United States
h Pain Research, Informatics, Multi-morbidities and Education Center of Excellence, VA Connecticut Healthcare System, West Haven, CT, United States

A R T I C L E I N F O

Keywords:
Opioid
Fentanyl
Overdose
Mortality
Polysubstance use
Connecticut

A B S T R A C T

Objectives: To examine trends in polysubstance detection associated with drug-related overdose deaths in
Connecticut.
Methods: We used 2012–2018 data provided by Connecticut’s Office of the Chief Medical Examiner (OCME) on
accidental overdose deaths. We estimated annual trends, standardizing the number of deaths per 100,000
Connecticut residents each year. We then conducted stratified analyses by polysubstance use status. We also
examined the numbers of deaths involving fentanyl in a separate analysis. We obtained data in April 2019, and
statistical analyses were performed from April to September 2019.
Results: The rate of overdose deaths in Connecticut increased from 9.9 per 100,000 residents in 2012 to 28.5 per
100,000 residents in 2018—a 221 % increase—with the majority occurring among persons aged 35–64 (65.3 %),
men (73.9 %), and non-Hispanic whites (78.5 %). Among deaths involving fentanyl, the overall deaths escalated
from 5.2 deaths per 100,000 residents in 2015 to 21.3 deaths per 100,000 residents in 2018, and more than 50%
of these fentanyl-related deaths involved polysubstance use.
Conclusions: Connecticut experienced a more-than doubling of opioid-involved overdose deaths, largely driven
by fentanyl and polysubstance use. The role of polysubstance use should be considered in efforts toward re-
ducing opioid-related overdose incidents.

1. Introduction

The current US opioid epidemic has led to catastrophic increases in
drug-related deaths, and in 2017, the state of Connecticut had the
eighth highest rate of opioid overdose deaths in the United States.
While many initiatives have been implemented to reduce opioid pre-
scribing and misuse (Centers for Disease Control and Prevention, 2017;
Substance Abuse and Mental Health Services Administration, 2019),
simply reducing prescription opioid use may not address the specific
toxicological causes of fatal overdoses (Gladden et al., 2019). For in-
stance, overdose may not be simply related to misuse of opioids, but
rather to their use in combination with other substances. Although
polysubstance use is known to be common among substance users

(Cicero and Ellis, 2015; Compton et al., 2016; Connor et al., 2014;
Evans et al., 2017; Kandel et al., 2017), little is known about the impact
of changing patterns of polysubstance use and the specific agents in-
volved in opioid overdose deaths. In addition, understanding the po-
tential role of polysubstance use in accidental drug overdose deaths
may facilitate developing and disseminating drug overdose-related
prevention and intervention strategies. Accordingly, we examined
trends in polysubstance patterns associated with drug-related overdose
deaths in Connecticut.

2. Methods

We used 2012–2018 data provided by Connecticut’s Office of the
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Chief Medical Examiner (OCME) on accidental overdose deaths. We
obtained data in April 2018, and statistical analyses were performed
from April to September 2018. Between 2012 and 2018, the OCME
documented accidental overdose deaths that occurred in Connecticut.
Accidental deaths are caused by external, violent or accidental means,
and are not related to any intentional or criminal acts. For each death,
drugs listed on the death certificate were identified on the basis of
toxicology testing. As there is no precise mechanism to ascertain which
drugs were contributing causes of death, multiple drugs were often
listed. While comprehensive drug information was provided in the data,
information about suicidal intent deaths was not captured in the data.
Using this information, we determined the causes of accidental over-
dose deaths characterized by the following drug classes: benzodiaze-
pine, cocaine, ethanol, methamphetamine, opioid, or other (e.g., cath-
inone, ketamine, 3,4-methylenedioxymethamphetamine (MDMA) or
ecstasy, and phencyclidine (PCP) or Angel dust). Because more than
90% of all accidental overdose deaths in Connecticut involved opioids,
we classified polysubstance use in three groups as follows: opioids only,
opioids with one additional substance, or opioids with two or more
substances.

Analyses conducted in this study are descriptive in nature. We es-
timated annual trends, standardizing the number of deaths per 100,000
Connecticut residents each year. We also conducted stratified analyses
by polysubstance use status to better understand the role of poly-
substance use among overdose deaths. We performed a trends analysis
between 2012 and 2018, and reported p-values to indicate significant
trends overtime. Since fentanyl and related analogues are the most
potent and lethal opioids, we further examined the numbers of deaths

involving fentanyl in a separate analysis. All analyses were performed
using Stata 15.1M P/6-Core (College Station, TX) (StataCorp., 2017).
This study examined de-identified data and was exempted from review
by the Institutional Review Board at University of Connecticut Health
Center.

3. Results

Between 2012 and 2018, 5101 deaths in Connecticut were identi-
fied by the OCME as accidental drug overdose deaths. The rate of
overdose deaths in Connecticut increased from 9.9 per 100,000 re-
sidents in 2012 to 28.5 per 100,000 residents in 2018—a 221 % in-
crease (p < 0.001) (Table 1)—with the majority occurring among
persons aged 35–64 (65.3 %; p=0.048), men (73.9 %; p=0.005), and
non-Hispanic whites (78.5 %; p=0.002). Fentanyl-related overdose
deaths, in particular, increased 5361% (p < 0.001), while opioid
overdose deaths not involving fentanyl decreased by 34% (p < 0.001).
Among non-opioid substances, methamphetamine-involved overdose
deaths increased by 1912 % (p=0.001) and benzodiazepine-involved
overdose deaths increased by 446 % (p < 0.001).

An increasing number of accidental drug overdose deaths involved
polysubstance use (Fig. 1, Panel A). The number of deaths involving an
opioid and one additional substance increased from 3.4 deaths per
100,000 residents to 12.4 deaths per 100,000 residents (Fig. 1, Panel
B). Similarly, overdose deaths involving an opioid and two or more
substances increased from 0.5 deaths per 100,000 residents in 2012 to
4.7 deaths per 100,000 residents in 2018 (Fig. 1, Panel B). When
stratified by fentanyl-related overdose deaths, deaths not involving

Table 1
Characteristics of accidental drug overdose deaths per 100,000 Connecticut residents by year in Connecticut, 2012–2018.

2012 2013 2014 2015 2016 2017 2018
(n=355) (n= 490) (n= 557) (n= 726) (n=917) (n= 1038) (n=1018) P-value for overall trends

Drug overdose deaths 9.9 13.6 15.5 20.2 25.6 29.0 28.5 < 0.001
Age, yrs.

≤ 21 0.6 0.4 0.4 0.8 0.5 0.6 0.6 < 0.001
22-34 2.9 4.2 4.3 5.7 7.8 9.2 7.8 0.951
35-44 2.0 2.9 4.2 4.3 6.7 7.1 7.4 0.048
45-64 4.1 5.9 6.1 8.9 10.8 11.6 11.7 0.508
≥ 65 0.3 0.2 0.4 0.6 0.5 0.5 1.0 0.297

Sex
Male 7.2 9.7 10.8 14.9 19.1 21.7 21.7 0.005
Female 2.7 3.9 4.6 5.3 6.5 7.3 6.7 0.007

Race/ethnicity
White 7.6 10.8 13.0 16.5 19.9 22.7 21.2 0.002
Hispanic 1.1 1.4 1.6 2.2 2.8 3.4 3.8 0.048
Black 1.1 1.2 0.8 1.3 2.4 2.5 2.9 0.153
Othera) 0.1 0.2 0.1 0.2 0.4 0.4 0.6 0.124

Location of deaths
Home/residence 4.8 6.7 8.1 11.3 12.9 15.5 15.4 0.072
Hospital 3.7 5.0 5.1 5.7 8.9 8.2 8.8 0.002
Otherb) 1.3 1.9 2.3 3.0 3.7 5.3 4.3 0.069

Drug-involved
Opioid 8.2 11.5 14.0 18.3 23.7 26.8 26.4 < 0.001
Non-heroin 3.4 4.3 4.9 6.7 9.9 13.5 15.5 < 0.001
Fentanyl 0.4 1.0 2.1 5.2 13.5 18.9 21.3 < 0.001
Other 4.8 6.9 8.0 8.6 6.2 3.9 2.4 < 0.001
Cocaine 2.9 4.1 3.5 4.8 7.7 9.7 9.7 < 0.001
Benzodiazepine 1.4 2.2 4.3 6.2 6.8 9.2 7.4 < 0.001
Ethanol 1.7 2.3 3.5 4.9 7.1 8.1 7.2 < 0.001
Methamphetamine 0.0 0.1 0.1 0.2 0.2 0.3 0.6 0.001
Otherc) 0.3 0.3 0.2 0.3 0.2 0.2 0.3 0.002

Polysubstance use
Opioid only 4.3 6.0 6.1 7.2 8.3 8.3 9.3 < 0.001
Opioid and benzodiazepine 0.9 1.2 2.7 3.7 4.1 5.0 3.7 0.035
Opioid, benzodiazepine and ethanol 0.2 0.4 0.6 0.9 0.9 1.5 1.0 0.067
Opioid, benzodiazepine, ethanol, and other 0.2 0.4 0.7 1.1 1.1 2.0 1.5 0.001
Other non-opioid combinations 1.6 2.1 1.5 2.0 1.9 2.2 2.1 < 0.001

Note: Data were collected from Office of the Chief Medical Examiner, State of Connecticut. a) includes Asian, American Indian, or other racial/ethnic groups; b)
includes shelters, motels, roadways or streets, vehicles, or other; and c) includes other street-name drugs.
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fentanyl decreased after 2015, but more than 50 % of these deaths
involved multiple substances (Fig. 1, Panel C). Among deaths involving
fentanyl, the overall deaths escalated from 5.2 deaths per 100,000 re-
sidents in 2015 to 21.3 deaths per 100,000 residents in 2018, and more
than 50 % of these deaths involved polysubstance use (Fig. 1, Panel D).

4. Discussion

From 2012–2018, Connecticut experienced a more-than doubling of
opioid-involved overdose deaths, largely associated with fentanyl and
polysubstance use. The rate of opioid overdose deaths in Connecticut is
higher than the national average (i.e., 21.7 deaths per 100,000 popu-
lations in 2017) (Centers for Disease Control and Prevention, 2018).
While our findings may not generalize to other states, the rise in fen-
tanyl-related overdose deaths appears to be widespread in Connecticut
(Centers for Disease Control and Prevention, 2018; Peterson et al.,
2016). Our findings also raise concerns about the increasing associa-
tions of polysubstance use, especially involving fentanyl, with acci-
dental drug overdose deaths.

Our study highlights unique patterns of polysubstance use in the era
of the opioid epidemic in Connecticut: a decreasing trend of poly-
substance use in opioid overdose deaths not involving fentanyl, and an
increasing trend of polysubstance use involving fentanyl-associated
overdose deaths since 2015. Future research is needed to determine
whether or not those with fentanyl-associated overdose deaths were
heavy users of other substances prior to their initiation of fentanyl use.
Further, because polysubstance use is associated with overall drug
overdose deaths and specifically with fentanyl-related overdose deaths,
more research is needed in the patterns of behavioral health (e.g.,

substance use, mental and physical health status) among individuals
with polysubstance use to identify preventable pathways to adverse
health outcomes.

Some limitations deserve comment. First, as stated earlier, our data
were from a single state (Connecticut) and may not be generalizable to
other states. Second, some of trends may be due in part to methodo-
logical improvements in toxicological testing of postmortem samples.
Despite these limitations, strengths of the study included the use of
2018 data, compared to the National Center for Health Statistics of the
Centers for Disease Control and Prevention’s most recent data (2017),
and the use of detailed descriptive statistics to understand potential
roles of polysubstance use in the era of the opioid epidemic.

Opioid-related overdose prevention programs (e.g., prescription
drug monitoring programs and academic detailing (Mattson et al.,
2018)) and other public health strategies (e.g., provision of access to
medication-assisted treatment (Centers for Disease Control and
Prevention, 2017)) are increasingly implemented and available
throughout the US. However, the role of polysubstance use and speci-
fically use of fentanyl should be targeted in efforts toward reducing
opioid-related overdose incidents. Overall, these findings highlight the
need for strategies to monitor and rapidly respond to emerging trends in
the overdose crisis.

Previous presentation

None.

Fig. 1. Trends of accidental drug overdose deaths per 100,000 Connecticut residents by polysubstance use in Connecticut, 2012–2018.
Panel A. Overall drug overdose deaths by polysubstance use.
Panel B. Opioid overdose deaths and polysubstance use.
Panel C. Stratified analysis: Opioid overdose deaths—excluding fentanyl—and polysubstance use.
Panel D. Stratified analysis: Opioid overdose deaths—including fentanyl—and polysubstance use.
Note: Data were collected from Office of the Chief Medical Examiner, State of Connecticut. Y-axis indicates “per 100,000 residents in Connecticut.” The following
drug classes were considered: opioid, benzodiazepine, cocaine, ethanol, or other.
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