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Abstract

Introduction: Nonfatal and fatal drug overdoses have recently increased. There are limited 

data describing the range of illicit, prescribed, and over-the-counter drugs involved in overdoses 

presenting to U.S. emergency departments (EDs).

Methods: Using 2018 Healthcare Cost and Utilization Project (HCUP) Nationwide ED Sample 

(NEDS) data, we calculated weighted counts and percentages by drug among overdose-related ED 

visits. Overdose-related ED visits were those having an International Classification of Diseases, 

10th Revision, Clinical Modification (ICD-10-CM) drug poisoning code falling under parent 

codes T36-T50 (codes involving alcohol were not explicitly queried). We identified the top 30 

mutually exclusive polydrug combinations and compared characteristics of visits by polydrug 

status.

Results: In 2018, 908,234 ED visits had a T36-T50 drug poisoning code. The most frequently 

reported drugs involved were opioids (30.3% of visits; heroin: 15.2%), benzodiazepines (11.0%), 

stimulants (7.9%), other/unspecified antidepressants (7.1%), 4-aminophenol derivatives (6.6%), 

and other/unspecified drugs, medicaments, and biological substances (11.8%). Overdose was 
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uncommon for most other drug classes (e.g., antibiotics). Polydrug visits were more likely to 

involve females (prevalence ratio [PR]: 1.14, 95% confidence interval [CI]: 1.12–1.16), be coded 

intentional self-harm (PR: 1.81, 95% CI: 1.77–1.85), and result in hospitalization (PR: 1.84, 95% 

CI: 1.79–1.89) or death (PR: 1.37, 95% CI: 1.22–1.53) compared to single-drug overdose-related 

visits. Benzodiazepines, opioids, and/or stimulants were most frequently involved in polydrug 

overdoses.

Conclusion: Opioids, benzodiazepines, and stimulants were most commonly reported in both 

single-drug and polydrug overdose-involved ED visits. Other drugs involved in overdoses included 

antidepressants and 4-aminophenol derivatives. Jurisdictions can use data on drugs involved in 

overdoses to better tailor prevention strategies to emerging needs.
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1. Introduction

Rates of nonfatal and fatal drug overdoses have increased in the United States in recent years 

(Ahmad et al., 2021; Centers for Disease Control and Prevention, 2021d).

Analysis of 2016–2017 emergency department (ED) discharge data documented increases 

in rates of nonfatal overdoses involving all drugs, all opioids, heroin, non-heroin opioids, 

and cocaine (Vivolo-Kantor et al., 2020). A study of 2018–2019 ED syndromic surveillance 

data identified increases in rates of suspected nonfatal overdoses involving opioids, cocaine, 

and amphetamines, as well as rates of polydrug overdoses involving both opioids and 

amphetamines (Liu et al., 2020). Similarly, ED syndromic data demonstrate increases in 

both counts and rates of nonfatal all-drug overdoses and opioid overdoses from December 

29, 2019–March 14, 2020, and from March 15–October 10, 2020, as compared to the 

same time periods in 2019 (Holland et al., 2021). Complementing these findings, analysis 

of 2006–2016 ED discharge data found increases in rates of cocaine- and psychostimulant-

involved overdoses, with and without opioid co-involvement (Hoots et al., 2020). In contrast, 

rates of nonfatal benzodiazepine-involved overdoses treated in EDs declined from 2016 

to 2017 (Vivolo-Kantor et al., 2020) and 2018 to 2019 (Liu et al., 2020) but increased 

substantially from 2019 to 2020 (Liu et al., 2021). Rates of nonfatal overdoses involving 

both benzodiazepines and opioids increased at a faster pace than benzodiazepine overdoses 

not involving opioids from 2019–2020 (Liu et al., 2021).

Trends in fatal overdoses between 2003 and 2020 largely mirrored those of nonfatal 

overdoses (Ahmad et al., 2021; Kariisa et al., 2019; Mattson et al., 2021; Scholl et al., 2018). 

Deaths from overdoses overall, as well as overdoses involving heroin, synthetic opioids 

other than methadone (e.g., illicitly-manufactured fentanyl), cocaine, and psychostimulants 

with abuse potential (e.g., methamphetamine), increased from 2013 to 2019, while deaths 

involving prescription opioids declined (Mattson et al., 2021). Notably, from 2017 to 

2018, rates of fatal overdoses involving all opioids, prescription opioids, and heroin 

declined, while those involving synthetic opioids increased (Wilson et al., 2020). In 2018 

and 2019, opioids were involved in approximately 70% of drug overdose deaths, while 
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synthetic opioids were involved in approximately half of all overdose deaths (Mattson 

et al., 2021; Wilson et al., 2020). Polydrug overdose deaths involving both synthetic 

opioids and psychostimulants, cocaine, heroin, or prescription opioids also rose during 

2013–2019 (Mattson et al., 2021). Between April–June 2019 and April–June 2020, overdose 

deaths involving benzodiazepines increased more than 40%, while those involving illicit 

benzodiazepines increased more than 500%; furthermore, from January–June 2020, over 

92% of overdose deaths involving benzodiazepines also involved an opioid (Liu et al., 

2021). Provisional mortality estimates from 2020 also demonstrate nearly a 30% increase 

in the number of predicted and reported overdose deaths compared to 2019 (Ahmad et al., 

2021).

Recent surveillance of the U.S. overdose epidemic predominantly focused on overdoses 

involving opioids, stimulants, benzodiazepines, or other specific drug classes. Many 

analyses using U.S. syndromic, ED discharge, or vital statistics data either did not explicitly 

examine polydrug overdoses (Scholl et al., 2018; Vivolo-Kantor et al., 2020; Wilson et 

al., 2020) or evaluated overdoses from a limited number of polydrug combinations, mostly 

involving co-involvement of opioids with other drugs (Kariisa et al., 2019; Liu et al., 2020; 

Liu et al., 2021; Mattson et al., 2021). Existing studies have not focused more broadly 

on the comprehensive set of drugs involved in overdoses presenting to EDs, including 

illicit drugs, drugs that could be prescribed for medical conditions (e.g., cardiovascular or 

gastrointestinal agents, antiepileptics, autonomic nervous system drugs, muscular/respiratory 

agents), and over-the-counter (OTC) drugs such as non-steroidal anti-inflammatory drugs 

(NSAIDs). One recent nationally representative U.S. study examined which T36-T50 

International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) 

drug overdose codes co-occurred with amphetamine-type stimulant overdoses presenting to 

EDs in 2017 (Vivolo-Kantor et al., 2020). The most common co-occurring drugs among 

amphetamine-type stimulant overdoses included benzodiazepines (9.3%), heroin (7.4%), 

cannabis (6.9%), cocaine (6.7%), and other opioids (4.3%) (Vivolo-Kantor et al., 2020). 

However, a similar analysis has not been performed among all drug overdoses with more 

recent data. In addition, many studies of drug overdoses are not nationally representative 

(Liu & Vivolo-Kantor, 2020; Liu et al., 2020; Liu et al., 2021; O’Donnell et al., 2020). 

For example, one study used latent class analysis to identify patterns of drug use/overdose 

among drug poisonings in EDs between 2017 and 2018. Although the analysis examined 

13 classes of substances, including opioids, stimulants, benzodiazepines, alcohol, and anti-

depressants, only 18 states were included in the analysis (Liu & Vivolo-Kantor, 2020). 

Several recent analyses used syndromic surveillance data (Liu & Vivolo-Kantor, 2020; Liu 

et al., 2020; Liu et al., 2021), which may include preliminary or missing (rather than final) 

discharge diagnosis codes.

Our objectives were to 1) examine the prevalence of specific T36-T50 drug poisoning 

codes (note that codes for alcohol, e.g., alcohol-related disorders or toxic effect of alcohol, 
were not explicitly queried), 2) compare demographic and clinical characteristics between 

single-drug and polydrug overdose-related visits, and 3) explore the most frequent drug 

combinations among polydrug overdoses in a nationally representative sample of U.S. ED 

visits in 2018.
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2. Methods

Data were analyzed from the Agency for Healthcare Research and Quality’s Healthcare 

Cost and Utilization Project’s (HCUP) 2018 Nationwide Emergency Department Sample 

(NEDS). The NEDS employs stratified random sampling from two files (the State Inpatient 

Databases and State Emergency Department Databases) to produce nationally representative 

estimates of U.S. ED visits. In 2018, 990 facilities from 36 states and Washington, D.C. 

were included, representing a 20% sample of U.S. hospital-based EDs (Healthcare Cost and 

Utilization Project, 2018) (N = 35,807,950 unweighted ED visits; N = 143,454,430 weighted 

national estimate of ED visits).

Drug overdose-related ED visits were identified using ICD-10-CM drug poisoning diagnosis 

codes T36-T50. ICD-10-CM codes included only initial encounters and only unintentional, 

intentional, assault, and undetermined intent codes; adverse effect and underdosing codes 

were excluded. All diagnoses (not solely the principal diagnosis) were searched. Weighted 

counts and percentages of all overdose-related ED visits, by drug, were calculated for each 

code falling under the parent codes T36-T50 (e.g., T40.1). These counts and percentages 

were not mutually exclusive; therefore, visits where a patient was exposed to multiple drugs 

were included in counts for each specific drug. Stimulant-involved overdoses were defined 

as those involving psychostimulants (ICD-10-CM code T43.6; e.g., methamphetamine, 

ecstasy, caffeine, or prescribed stimulants such as Ritalin or Adderall) or cocaine (T40.5). 

Alcohol and tobacco were not considered drugs in this analysis, which is consistent with 

major international and U.S. case definitions of drug poisoning, including those endorsed 

by the CDC National Center for Injury Prevention and Control (Centers for Disease 

Control and Prevention, 2013), the Injury Surveillance Workgroup 7 (Injury Surveillance 

Workgroup 7, 2012), and the World Health Organization (i.e., the ICD-9-CM (World Health 

Organization, 1980) and ICD-10-CM (World Health Organization, 2015).

Polydrug overdose-related ED visits were defined as those having more than one drug 

poisoning code; drug poisoning codes were summed over ED visits to create a count of 

drugs involved. Demographic and clinical characteristics of overdose-related ED visits were 

calculated by polydrug status (single-drug vs. polydrug), including sex, age group (≤14, 

15–19, 20–24, 25–34, 35–44, 45–54, 55–64, and ≥ 65 years), hospital region (Northeast, 

Midwest, South, and West), hospital county urbanization (large central metro, large fringe 

metro, medium metro, small metro, micropolitan [nonmetro] and noncore [nonmetro]) 

(Ingram & Franco, 2013), percent hospitalized, percent deceased, and overdose intent 

(indicated by the 5th or 6th character in the ICD-10-CM drug poisoning code). Visits with 

multiple drug overdose codes indicating different intents were coded as missing for intent 

(<1% of total). To compare demographic and clinical characteristics by polydrug status, 

we generated prevalence ratios (PRs) and associated 95% confidence intervals (CIs) using 

predicted marginals from weighted bivariable logistic regression models in SAS-callable 

SUDAAN. Each PR compared the prevalence of a demographic/clinical characteristic in 

polydrug overdose-related visits to the prevalence among single-drug overdose-related visits. 

Multivariable models were not developed, as our goal was to describe how the prevalence 

of population characteristics differed between polydrug and single-drug overdose-related 
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ED visits, rather than to isolate an association between polydrug status and a particular 

characteristic.

We also identified the most frequent polydrug overdose combinations by first identifying 

the most common single drug poisoning codes among polydrug overdose-related visits (i.e., 

overdoses with more than one drug involved). Next, an array was created of all existing 

drug combinations with the top 30 most common poisoning codes (due to computing 

limitations) to determine the most frequent distinct polydrug overdose combinations. To 

describe the predominance of opioids and benzodiazepines in the top 30 most common 

polydrug overdose combinations, we grouped visits by whether they included both opioid 

and benzodiazepine poisoning codes, only opioid poisoning codes, only benzodiazepine 

poisoning codes, or neither opioid nor benzodiazepine poisoning codes. We also stratified 

the top 30 most common polydrug overdose combinations by sex and tested for statistical 

differences using chi-square tests. For the purpose of this analysis, illicit drugs were defined 

as heroin, cocaine, psychostimulants (ICD-10-CM code T43.6, primarily representing illicit 

methamphetamine), and other synthetic narcotics (ICD-10-CM code T40.4, likely primarily 

representing illicitly manufactured fentanyl). Survey procedures in SAS 9.4 (Cary, NC) were 

used to account for the complex survey design of HCUP NEDS. Data were de-identified. 

CDC considered this study to be public health surveillance; therefore, Institutional Review 

Board approval was not required.

3. Results

3.1. Prevalence of drug poisoning codes among 2018 overdose-related visits

In 2018, an estimated 908,234 U.S. ED visits had a discharge diagnosis code indicating a 

drug overdose, accounting for approximately 0.6% of all U.S. ED visits. Overall, 30.3% of 

drug overdose-related visits had at least one opioid poisoning code, with the most common 

of these indicating heroin (15.2%) and other opioids (e.g., prescription opioids such as 

oxycodone, hydrocodone, morphine, or codeine; 7.7%) (Table 1). Almost 5% of visits 

had a code for poisoning by other and unspecified narcotics (T40.6); this code is used 

when an opioid overdose is indicated without any further details on specific opioid type. 

Furthermore, 2.3% included a code for poisoning by other synthetic narcotics (also referred 

to as synthetic opioids, e.g., buprenorphine, tramadol, pethidine, or fentanyl). Overdose-

related visits involving most types of non-opioid analgesics were rare, with the exceptions 

of 4-aminophenol derivatives (e.g., acetaminophen; 6.6%) and NSAIDs (4.3%). Almost 8% 

of drug overdose-related visits involved a stimulant, with 5.2% and 3.8% of overdose-related 

visits involving psychostimulants (e. g., amphetamines [including methamphetamine] and 

prescribed stimulants) and cocaine, respectively. Additionally, 3.2% of visits had a diagnosis 

code for cannabis poisoning.

Although the prevalence of most T42 subcodes for poisoning by antiepileptics and 

sedative-hypnotics was low, 11.0% of visits involved benzodiazepine poisoning (T42.4), 

while 4.8% involved poisoning by other antiepileptic and sedative-hypnotic drugs (T42.6). 

More than 7% of overdose-related visits involved poisoning by other and unspecified 

antidepressants (T43.2), and 1.2% involved poisoning by tricyclic/tetracyclic antidepressants 

(T43.0). Poisoning by most systemic/hematological agents was rare, but 3.7% of visits 
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involved poisoning by antiallergic and antiemetic drugs (T45.0). Around 4% of overdose-

related visits involved a cardiovascular agent (e.g., “other antihypertensive drugs” [1.6% 

of visits], angiotensin-converting-enzyme inhibitors [0.8% of visits], or others). Almost 

3% of overdose-related visits involved insulin and oral hypoglycemic drugs, but overdose-

related visits involving other hormones were rare. Nearly 12% of drug overdose-related 

visits had a T50.9 code for poisoning by other and unspecified drugs, medicaments, and 

biological substances, and 10.6% of visits had solely a T50.9 code with no additional 

drug poisoning codes, making it impossible to identify a specific drug class. Prevalence 

of overdose-related visits involving other drug classes (e.g., autonomic system drugs, 

anesthetics, gastrointestinal agents) was low.

3.2. Comparison of single-drug and polydrug-related overdose ED visits

Among the estimated 908,234 drug overdose-related ED visits, 83.3% (n = 756,604) 

included one drug poisoning code, 11.8% (n = 107,239) included two drug poisoning 

codes, and 4.9% (n = 44,391) included three or more drug poisoning codes. Polydrug 

overdose-related ED visits were more likely than single-drug overdose-related visits to 

occur in females (PR 1.14, 95% CI: 1:12–1.16) (Table 2). While overdose-related ED visits 

most frequently occurred among those aged 25–34 years among both single-drug (21.0%) 

and polydrug visits (18.9%), the prevalence of adults aged ≥ 35 years was higher among 

polydrug (versus single-drug) visits. Polydrug overdose-related visits occurred more often in 

the West (PR: 1.10, 95% CI: 1.05–1.16), small metro areas (PR: 1.11, 95% CI: 1.05–1.18), 

and micropolitan (nonmetro) areas (PR: 1.12, 95% CI: 1.05–1.20) compared to single-drug 

overdose-related visits.

In addition, polydrug overdose-related visits, as compared to single-drug overdose-related 

visits, were more likely to be coded as intentional self-harm (PR: 1.81, 95% CI: 1.77–1.85) 

and less likely to be coded as unintentional (PR: 0.70, 95% CI: 0.68–0.71). Furthermore, 

notably more polydrug overdose-related visits resulted in hospital admission (PR: 1.84, 95% 

CI: 1.79–1.89) and death (PR: 1.37, 95% CI: 1.22–1.53).

3.3. Prevalence of polydrug-related overdose combinations

Fig. 1 displays the prevalence of the top 30 polydrug overdose combinations (prevalence 

was calculated among polydrug overdose-related visits, i.e., visits with ≥ 2 drug poisoning 
codes). The top 30 polydrug overdose combinations accounted for 32.5% of all polydrug 

overdose-related visits, and each of the top 30 combinations involved two drugs. Thirteen 

of the top 30 polydrug overdose combinations involved a benzodiazepine, ten involved an 

opioid, and eight involved a stimulant; five of the top 30 involved both an opioid and 

benzodiazepine. The most frequent polydrug overdose combinations were the following: 1) 

other opioids (e.g., prescription opioids such as oxycodone, hydrocodone, or morphine) and 

benzodiazepines (3.7%), 2) other and unspecified antidepressants and other and unspecified 

antipsychotics/neuroleptics (2.8%), 3) heroin and cocaine (2.3%), 4) benzodiazepines 

and other antiepileptic and sedative-hypnotic drugs (1.9%), and 5) 4-aminophenols and 

NSAIDs (1.6%) (Fig. 1). These top five polydrug overdose combinations accounted for 

approximately 12% of polydrug overdose-related visits. Polydrug overdose ED visits 

involving prescription and/or OTC medications were more likely to occur among females, 
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while polydrug overdose ED visits that involved an illicit drug were more likely to occur 

among males (data not shown). Among the top five polydrug overdose combinations overall, 

56.4% of visits involving other opioids and benzodiazepines, 62.8% of visits involving 

other/unspecified antidepressants and other/unspecified antipsychotics/neuroleptics, 60.5% 

of visits involving benzodiazepines and other antiepileptic and sedative-hypnotic drugs, and 

74.3% of visits involving 4-aminophenols and NSAIDs occurred among females (p < .05 for 

all differences by sex). Only 34.9% of polydrug overdose-related visits involving heroin and 

cocaine occurred among females (p < .05).

4. Discussion

This study highlights the complex nature of drug overdoses. More than 900,000 of 

142.5 million U.S. ED visits in 2018 were drug overdose-related, of which the vast 

majority were nonfatal. Our analysis provides prevalence estimates of specific T36-T50 

drug poisoning codes and polydrug overdose combinations and compares demographic and 

clinical characteristics between single-drug and polydrug overdose-related ED visits. It is 

important to consider these overdoses within the context of a multifaceted landscape of 

nonfatal and fatal overdoses that involve combinations of prescribed, illicit, and OTC drugs. 

Although overdoses most commonly involved opioids (30.3% of all drug overdose-related 

visits), a smaller proportion of these ED visits also involved benzodiazepines (11.0%), 

stimulants (7.9%), and unspecified antidepressants (7.1%). A notable proportion of ED 

visits also experienced overdoses involving medications typically provided OTC, including 

NSAIDs and 4-aminophenol derivatives such as acetaminophen. Additionally, more than 

one-tenth of overdoses involved unknown drugs. The prevalence of drug overdose was 

rare for most other drug classes. Notably, we did not explicitly examine alcohol diagnosis 

codes in this study, as alcohol is not considered a drug under ICD-9-CM (World Health 

Organization, 1980), ICD-10-CM (World Health Organization, 2015), or other major U.S. 

surveillance case definitions (Centers for Disease Control and Prevention, 2013; Injury 

Surveillance Workgroup 7, 2012). Consequently, it is possible some ‘single-drug’ overdoses 

in our study could have involved alcohol. However, a post-hoc analysis showed that only 

0.05% and 0.35%, respectively, of the 908,234 drug overdose-related visits in our study had 

an ICD-10-CM T51.8 or T51.9 code for toxic effects of alcohol. Although 10.3% of the drug 

overdoses in our study had an F10 code for alcohol-related disorders, the intended purpose 

of F codes is to capture use disorders and not poisonings. Thus, it is not clear if those visits 

represented acute alcohol use or poisoning.

Nearly 17% of U.S. drug overdose-related visits in 2018 were coded as involving ≥ 2 

drugs. Opioids, benzodiazepines, and/or stimulants were frequently involved in polydrug 

overdoses. Opioids and benzodiazepines were involved in one-third and nearly one-half 

of the 30 most common polydrug overdose combinations in our analysis, respectively. 

Combining opioids, which act as respiratory depressants (Boyer, 2012), with other central 

nervous system depressants such as sedatives or tranquilizers (e.g., benzodiazepines) 

increases the risk of overdose (Compton et al., 2021). It is particularly concerning that 

five of the top 30 polydrug overdose combinations in this study involved opioids and 

benzodiazepines. Mortality data from January–June 2020 show similar patterns, with 

the vast majority of benzodiazepine-involved deaths also involving opioids (primarily 
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illicitly manufactured fentanyl) (Liu et al., 2021). The burden of overdoses attributable 

to benzodiazepines and opioids highlights the risk associated with combining these drugs 

(Jones & McAninch, 2015; Sun et al., 2017) and the importance of accounting for 

prescribed and illicit benzodiazepine use in overdose prevention strategies (Nechuta et al., 

2018; Votaw et al., 2019). Safe prescribing practices, including avoiding co-prescribing of 

benzodiazepines and opioids when possible, can help prevent drug overdoses (Dowell et al., 

2016).

More than one-quarter of the 30 most common polydrug overdose combinations in 

this study involved stimulants such as cocaine or psychostimulants, a category that is 

likely driven by methamphetamine-involved visits (Substance Abuse and Mental Health 

Services Administration (SAMSHA), 2011). Overdose deaths involving psychostimulants 

have increased both with and without opioids in recent years (Hoots et al., 2020; Kariisa 

et al., 2019). In addition, mortality data demonstrate that recent increases in cocaine-

involved overdose deaths have been largely driven by synthetic opioids such as illicitly-

manufactured fentanyl (Kariisa et al., 2019; Mattson et al., 2021). Illicitly-manufactured 

fentanyl (including fentanyl analogs) may be mixed with stimulants, heroin, or other drugs 

either intentionally or unbeknownst to the user, which can increase the risk of overdose 

(Centers for Disease Control and Prevention, 2021a; Compton et al., 2021; National Institute 

for Drug Abuse, 2021). This can be particularly risky for opioid-naive individuals (National 

Institute for Drug Abuse, 2021; Jones et al., 2020).

Compared to single-drug overdose-related ED visits, polydrug overdose-related ED visits 

were more likely to be coded as intentional self-harm. This trend has been documented 

elsewhere (Gicquelais et al., 2020). Moreover, polydrug overdose-related ED visits overall, 

as well as polydrug overdose-related ED visits involving prescription or OTC medications, 

were more likely to occur in females than males in 2018. These findings align with those 

from other data sources. For instance, in the 2019 National Survey on Drug Use and Health 

(NSDUH), females ≥ 12 years were more likely than males to report any past-year use 

of pain relievers, benzodiazepines, tranquilizers, sedatives, or stimulants, while males were 

more likely to report past-year use of illicit drugs or misuse of pain relievers, opioids, 

or stimulants (Center for Behavioral Health Statistics and Quality, 2019). Another recent 

study found that opioid prescriptions, as well as concurrent opioid and benzodiazepine 

prescriptions, were more common among females (Guy et al., 2019).

Polydrug-related overdose visits in our study were also more likely to result in hospital 

admission and death. The increased morbidity and mortality among polydrug overdoses 

in our study may be related to the dangers of combining multiple respiratory or central 

nervous system depressants (e.g., an opioid and a tranquilizer) (Compton et al., 2021), as 

well as the frequency of highly potent illicitly manufactured fentanyl (National Institute for 

Drug Abuse, 2021) among polydrug overdose deaths (Kariisa et al., 2019; Mattson et al., 

2021). Findings from our study converge with complementary analyses highlighting that 

both fatal (Hoots et al., 2020; Kariisa et al., 2019; Liu et al., 2021) and nonfatal (Hoots et al., 

2020; Liu et al., 2020; Liu et al., 2021) polydrug overdoses co-involving opioids have risen 

during the last several years. Treatment data also show increases in methamphetamine use 

among individuals admitted for heroin treatment (Jones et al., 2020) or opioid use disorder 
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(Cicero et al., 2020). Confronting this changing landscape will require increasingly nimble 

and multifaceted, evidence-based prevention strategies led by a diverse set of partners 

(Centers for Disease Control and Prevention, 2021e). For instance, continued efforts to 

encourage safe prescribing practices can enhance overdose prevention efforts (Dowell et 

al., 2016). Healthcare providers should discuss the risks of substance use/misuse, substance 

use disorder, and overdose with their patients, examine information available in prescription 

drug monitoring program data, and continually monitor their patients for signs of illicit 

drug use, prescription drug misuse (Dowell et al., 2016), and suicidal thoughts or behavior. 

Providers can also educate their patients about the risks of using highly potent synthetic 

opioids such as illicitly manufactured fentanyl or fentanyl analogs (Centers for Disease 

Control and Prevention, 2021c).

Increasing awareness of the clinical presentation of stimulant overdoses is also important 

(Jones et al., 2020) given the increasing prevalence of cocaine and psychostimulant (e.g., 

methamphetamine) overdoses (Hoots et al., 2020; Kariisa et al., 2019; Liu et al., 2020; 

Mattson et al., 2021; Vivolo-Kantor et al., 2020). Improving health literacy among the 

U.S. population, particularly around appropriate medication dosage, could reduce the risk 

of unintentional overdose by OTC medications such as acetaminophen (Wolf et al., 2012). 

Additional drug overdose prevention strategies, such as linking and retaining persons in 

care, improving prescription drug monitoring programs, provision of naloxone as part of 

a post-overdose protocol in EDs, increasing access to overdose prevention education and 

medications for opioid use disorder, monitoring the illicit drug supply, communication 

campaigns (e.g., warnings about novel and emerging drugs and presence of counterfeit pills 

containing illicit fentanyl), and public safety partnerships are also important to curb the 

overdose epidemic (Centers for Disease Control and Prevention, 2021b,c,e; Green et al., 

2020; Jones et al., 2020).

Given the rise in polysubstance use and overdose, overdose prevention and treatment efforts 

should increasingly target other substances beyond solely opioids (Compton et al., 2021). 

Prevention or treatment programs that improve decision-making skills or teach healthy 

coping mechanisms can help prevent not only harmful polysubstance use (Compton et 

al., 2021), but also suicidal thoughts and behaviors (Centers for Disease Control and 

Prevention, 2017). Evidence-based psychological treatments for stimulant use disorder, such 

as contingency management, should also be expanded (Centers for Disease Control and 

Prevention, 2021c; Jones et al., 2020). Furthermore, pharmaceutical treatments for cocaine 

use disorder and psychostimulant (e.g., methamphetamine) use disorder are urgently needed 

(Jones et al., 2020). Developing additional overdose reversal agents that target other drugs 

(similarly to how naloxone targets opioids) may also help mitigate polysubstance overdoses 

(Compton et al., 2021). In addition, communities can utilize primary prevention efforts 

that target general substance use initiation (Jones et al., 2020). Evidence-based primary 

prevention programs targeting youth substance use initiation exist (Spoth et al., 2017) and 

can be expanded (Compton et al., 2019), and evidence-based initiatives can be designed 

for adults, who may initiate substance use or abuse later in life (Compton et al., 2019). 

Finally, evidence-based suicide prevention strategies, such as expanding access to treatment 

for mental health conditions, strengthening delivery of suicide care, and enhancing economic 

supports (e.g., housing stabilization policies) may help reduce suicides overall (Centers for 
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Disease Control and Prevention, 2017), which may include those from intentional overdoses 

on single or multiple substances. Although prevalence was low for many drug classes, our 

analysis highlighted the broad range of drugs involved in overdoses and the importance of 

working to prevent these overdoses through targeted prevention strategies.

ICD-10-CM codes for opioids represent a combination of prescribed and illicit opioid drugs 

that were involved in one-third of the top 30 polydrug overdose combinations identified in 

our analysis. In 2019, more than half of overdose deaths involved a synthetic opioid, likely 

driven by increases in illicitly manufactured fentanyl (Mattson et al., 2021). Since 2013, the 

opioid overdose crisis has been amplified by the growing presence of illicitly-manufactured 

fentanyl (including fentanyl analogs) in the drug supply (Gladden et al., 2016; Mattson et 

al., 2021; Springer et al., 2019). Findings from studies of persons using drugs indicated a 

mix of perspectives regarding the presence of fentanyl in the drug supply, a combination of 

active avoidance of fentanyl and seeking of fentanyl (Carroll et al., 2017; Mars et al., 2018; 

Somerville et al., 2017). The increased supply of fentanyl (Centers for Disease Control and 

Prevention, 2020), coupled with potential demand for fentanyl, exacerbates overdose risk 

overall and further highlights the increased overdose risk from polydrug exposure.

There are a few limitations to our study. Although HCUP NEDS is a nationally 

representative sample of ED visits, more current data might identify different prevalence 

and polydrug combinations. Therefore, HCUP NEDS data should be used alongside 

complementary data sources such as ED syndromic surveillance data or emergency medical 

services (EMS) data, which may be available with minimal time lag. HCUP NEDS data 

include discharge diagnosis codes from hospital billing data, which are not generated 

primarily for surveillance but rather for insurance reimbursement. Additionally, many 

overdose-related ED visits do not receive toxicology testing, particularly if results would 

not result in a modified clinical treatment plan (Boyer, 2012; Wu et al., 2003). Limited 

toxicological testing in EDs might result in potential misclassification of drugs and an 

underestimation of polydrug overdoses. For example, fentanyl-involved overdoses in our 

analysis could have been captured by different ICD-10-CM codes. At the time of these 

2018 ED visits, a specific ICD-10-CM code for nonfatal poisoning by fentanyl or fentanyl 

analogs was not available. Although some of these overdoses could have been captured 

using the T40.4 code for poisoning by other synthetic narcotics, it is possible that fentanyl-

involved overdoses were captured using different codes for opioids (e.g., T40.2 for other 

opioids; T40.6 for unspecified/unknown narcotics). A specific ICD-10-CM code for fentanyl 

or fentanyl analogs (T40.41) was introduced on October 1, 2020, and future analyses 

can include this code to better understand the involvement of fentanyl in these nonfatal 

overdoses. The lack of toxicological testing is also evident in the high percentage of drug 

overdose-related ED visits coded as poisoning by other and unspecified drugs, medicaments, 

and biological substances (almost 12%). Continued comparisons between ED discharge 

data and data from confirmatory toxicological testing of ED specimens will increase our 

understanding of how to address potential misclassification. Finally, future studies might 

consider the occurrence of acute alcohol use in polysubstance overdoses.

Pickens et al. Page 10

Addict Behav. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Conclusion and future directions

Opioids, benzodiazepines, and stimulants were the most frequent drugs involved in 

both single-drug and polydrug overdose-related ED visits in 2018. Continued efforts 

to reduce missing data, including ICD-10-CM diagnosis codes for unknown drugs, 

as well as increased toxicological testing in EDs, will help advance drug overdose 

surveillance efforts and further elucidate which drugs are implicated in recent overdoses. 

Overdose prevention efforts should incorporate findings from diverse data sources, including 

nationally representative ED discharge data (e.g., HCUP NEDS) as well as complementary 

data from death certificates, medical examiner/coroner reports, syndromic surveillance, and 

EMS. Several of these complementary data sources are collected as part of CDC’s Overdose 

Data to Action (OD2A) cooperative agreement (Centers for Disease Control and Prevention, 

2021b), which funds jurisdictions to enhance timely data collection of overdose data, with 

an increased focus on polydrug and stimulant overdoses. Future work should continue to 

monitor the evolving landscape around polydrug overdoses and evaluate how other specific 

types of drug overdoses, beyond opioids, benzodiazepines, and stimulants, change over time.
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Fig. 1. Thirty Most Frequent Polydrug Overdose Combinations among U.S. Polydrug Overdose-
Related Emergency Department Visits in 2018.
Abbreviations: ED, Emergency Department; NSAID, nonsteroidal anti-inflammatory drug. 

This figure shows the weighted prevalences of the top 30 most frequent polydrug overdose 

combinations among all U.S. polydrug overdose-related emergency department visits in 

2018. All top 30 combinations involved two drugs. Prevalences were calculated among 

polydrug overdose-related emergency department visits (i.e., visits with ≥2 drug poisoning 

codes). Drug poisoning codes included ICD-10-CM codes T36 through T50; ICD-10-CM 

codes involving alcohol, e.g., alcohol-related disorders or toxic effects of alcohol, were 

not explicitly queried. The bars are shaded according to whether the polydrug overdose 

included opioids only, benzodiazepines only, both, or neither. Drug poisoning codes 

occurring in the top 30 polydrug overdose combinations are as follows: T39.0, salicylates; 

T39.1, 4-Aminophenol derivatives (e.g., acetaminophen); T39.3, other NSAIDS; T40.1, 

heroin; T40.2, other opioids (e.g., oxycodone, hydrocodone, morphine, hydromorphone, 

oxymorphone, and codeine); T40.3, methadone; T40.4, synthetic narcotics (e.g., fentanyl, 

tramadol, buprenorphine, or pethidine); T40.5, cocaine; T40.6, other and unspecified 

narcotics; T40.7, cannabis; T42.4, benzodiazepines; T42.6, other antiepileptic and sedative-

hypnotic drugs; T42.8, antiparkinsonism drugs and other central muscle-tone depressants; 
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T43.2, other and unspecified antidepressants; T43.5, other and unspecified antipsychotics 

and neuroleptics; T43.6, psychostimulants; and T45.0, antiallergic and antiemetic drugs.
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