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A B S T R A C T   

Polysubstance use is becoming increasingly common and presents several harms. This study aimed to examine 
the association of comorbid cocaine, alcohol (binge drinking), and sedative use with mortality among hospi-
talized patients with opioid use disorder (OUD). 

A subsample of adult medical/surgical hospital patients with OUD who were seen by a hospital addiction 
consultation service in Baltimore City and enrolled in a randomized trial of a patient navigation intervention 
were included in this study (N = 314; 45 % female; 48 % White; mean age = 44). Death certificate data from the 
Maryland Division of Vital Records was used, covering 3.3–5.5 years post-discharge. Multivariable proportional 
hazards Cox regression and competing risks regression were used to estimate all-cause mortality and overdose 
mortality, respectively, as a function of concurrent use of cocaine, alcohol (binge drinking), and non-prescribed 
sedatives at baseline. 

In the 30 days prior to hospital admission, 230 (73 %) participants used cocaine, 64 (20 %) binge drank, and 
45 (14 %) used non-prescribed sedatives. Nearly one-third (N = 98; 31 %) died during the observation period. 
Drug overdose caused 53 % (N = 52) of deaths. Older age (HR = 1.03 [1.01,1.05]; P = 0.001), less than high 
school education (HR = 0.36 [0.24,0.54]; P < 0.001), and past 30-day sedative use (HR = 2.05 [1.20,3.50]; P =
0.008) were significantly associated with all-cause mortality. The risk of overdose mortality was 62 % lower (HR 
= 0.38 [0.22,0.66]; P = 0.001) for those who completed high school. No other characteristics were significantly 
associated with overdose mortality. 

The concurrent use of opioids and sedatives increases the post-discharge mortality risk among hospitalized 
patients with OUD. Interventions are needed to prevent mortality among this high-risk population.   

1. Introduction 

The opioid overdose crisis is compounded by polysubstance use – the 
use of more than one substance over a defined period of time. In a na-
tional sample of people entering treatment for opioid use disorder 
(OUD), 96 % reported past-month use of at least one non-opioid drug. 
(Cicero et al., 2020) In another national sample of people who used 
heroin, 93 % reported using at least one other drug in addition to heroin 
and 41 % reported using three or more drugs in the past year. (Win-
kelman et al., 2018) More than 80 % of drug overdose deaths in the 
United States involve opioids, and an estimated 63 % of all opioid deaths 
involve at least one non-opioid drug (Gladden et al., 2019). 

Concurrent use of opioids with other central nervous system 

depressants, such as sedatives and alcohol, compounds the respiratory 
depressant effect of each drug and increases the risk of overdose. (Jones 
et al., 2012; Garg et al., 2017; Cho et al., 2020) Benzodiazepines are 
prescription sedatives commonly misused for nonmedical purposes in 
combination with opioids. (Gudin et al., 2013) Research demonstrates 
that people who use prescription opioids and benzodiazepines concur-
rently are at increased risk of an emergency department visit, being 
admitted to a hospital for opioid overdose, (Sun et al., 2017) and fatal 
overdose. (Park et al., 2015; Dasgupta et al., 2016) A cohort study in 
North Carolina found that the overdose death rate among patients pre-
scribed both benzodiazepines and opioid analgesics was ten times 
higher than among those prescribed opioids alone. (Dasgupta et al., 
2016) Another study among U.S. veterans with an opioid prescription 
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found that receiving a benzodiazepine prescription was associated with 
increased risk of death from drug overdose in a dose-dependent manner. 
(Park et al., 2015) Despite the Food and Drug Administration’s 2016 
warning about the risks of co-prescribing of opioids and benzodiaze-
pines, the problem persists. (U.S. Food and Drug Administration, 2016) 
In 2021, nearly 14 % of overdose deaths involving opioids also involved 
benzodiazepines. (National Institute on Drug Abuse, 2022) Despite 
benzodiazepine prescriptions remaining relatively stable, illicit 
benzodiazepine-involved overdose deaths increased 517 % from 2019 to 
2020. (Liu, 2021) This spike raises concern and warrants further 
investigation into the harms associated with concurrent use of opioids 
and non-prescribed sedatives. 

Alcohol is another respiratory depressant and is involved in an 
estimated 31 % of opioid overdose deaths (Phillips et al., 2023). 
Research indicates that approximately 23–26 % of people with OUD 
have a concurrent alcohol use disorder (Hser et al., 2017; Jones and 
McCance-Katz, 2019). Compared with nondrinkers, people who binge 
drink (defined as more than five drinks for men or more than four drinks 
for women within a two-hour period) are twice as likely to misuse 
prescription opioids, and the prevalence of prescription opioid misuse 
increases significantly with binge drinking frequency. (Esser et al., 
2019) While prior studies have documented the heightened risk of 
overdose from combining opioids with alcohol, (Buckley et al., 2022) 
there is little known about how binge drinking influences overdose risk 
in the context of polysubstance drug use. 

Opioids are also increasingly being used in combination with stim-
ulants, primarily cocaine and amphetamines, which also have high po-
tential for misuse and contribute to the rising number of opioid-involved 
overdose deaths (Favrod-Coune and Broers, 2010; Ellis et al., 2018; 
Ahmed et al., 2022). In the first half of 2019, approximately 40 % of 
opioid overdose deaths involved stimulants, primarily cocaine and/or 
methamphetamine. (O’Donnell, 2020) National data from 2015 to 2017 
indicate that 12.5 % of people with OUD meet DSM-IV criteria for a co- 
occurring cocaine use disorder and 10.6 % meet criteria for a co- 
occurring methamphetamine use disorder. (Jones and McCance-Katz, 
2019) The co-use of stimulants with synthetic opioids such as fenta-
nyl, either intentionally or through drug contamination, has increased 
the number of stimulant-involved overdose deaths. (Ahmed et al., 
2022). The opposing effects of increased arousal from stimulants and 
sedation from opioids on the body can make the outcomes of co-use less 
predictable and raise the risk of overdose. Thus, more research is needed 
to understand how the combined use of stimulants and opioids impacts 
overdose risk. 

The increasing rate of opioid use has been associated with sharp 
increases in drug-related hospitalizations, (Rajbhandari-Thapa, 2019; 
Singh and Cleveland, 2020) and mortality rates among opioid-related 
hospitalizations have risen significantly. (Singh and Cleveland, 2020; 
Song, 2017) Post-discharge mortality is high among patients treated in 
the emergency department for nonfatal opioid overdose (Weiner et al., 
2020) and hospital inpatients admitted for opioid-related conditions. 
(Ashman et al., 2014) More than half of patients who are hospitalized 
and have a substance use disorder use more than one substance, and 
nearly 70 % of hospitalized patients who use opioids also report recent 
(past 30 day) polysubstance use, including alcohol, cocaine, or am-
phetamines. (King et al., 2020) Patients who use multiple substances, or 
with comorbid substance use disorders, often present with complex 
medical, behavioral, and social issues and frequently face multiple 
barriers to care after hospital discharge (Gryczynski et al., 2021). Thus, 
understanding and addressing hospitalized patients’ risks associated 
with polysubstance use is critical for developing interventions and 
preventing adverse post-discharge outcomes. 

One study that used a large Medicaid claims database to compare all- 
cause and opioid-related mortality among individuals with OUD found 
that compared to individuals with OUD alone, individuals with a co- 
occurring substance use disorder were 76 % more likely to experience 
all-cause mortality and 48 % more likely to experience opioid-related 

poisoning, with the highest risk among patients with comorbid opioid 
and cocaine use disorder (O’Brien et al., 2021). However, this study only 
followed individuals for one year, preventing the understanding of long- 
term mortality. Other studies describing the association between over-
dose risk and polysubstance use primarily focus on the combination of 
opioids with just one other drug of interest. As polysubstance use in-
creases and people with OUD are exposed to new drug combinations that 
may involve three or more substances, studies are needed that 
comprehensively assess use of multiple substances. Understanding the 
risk of death associated with polysubstance use among hospitalized 
patients is essential for the development and delivery of hospital services 
and interventions that aim to prevent post-discharge health risks and 
rehospitalization. This study aimed to estimate the added risk of death 
conferred by binge drinking and use of non-prescribed sedatives and 
cocaine among hospitalized patients with OUD during an extended 
follow-up period of 3.3–5.5 years. 

2. Methods 

2.1. Participants 

This study included adult medical/surgical hospital patients with 
OUD who were seen by a hospital addiction consultation service and 
enrolled in a randomized trial of a patient navigation intervention, the 
Navigation Services to Avoid Rehospitalization (NavSTAR) study. The 
NavSTAR study was a parallel two-group randomized controlled trial 
that examined the effectiveness of NavSTAR patient navigation 
(continued for three months post-discharge) compared to Usual Care on 
measures of hospital service use (readmissions and ED visits), substance 
use disorder treatment linkage, substance use, HIV risks, and quality of 
life. A total of 400 adult hospital patients with substance use disorder 
were enrolled into the NavSTAR study at a large, urban academic 
medical center in Baltimore, Maryland from 2016 to 2018. Additional 
details on the design, recruitment, randomization, study groups, and 
intervention effectiveness are available elsewhere. (Gryczynski et al., 
2021; Nordeck et al., 2020) The current study includes 314 participants 
who were aged 18 years or older and met Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for OUD. 

2.2. Baseline data 

Participants completed a baseline study assessment at the time of 
enrollment into the NavSTAR trial to collect baseline measures of soci-
odemographic, substance use, medical, and mental health characteris-
tics. Type and frequency (number of days in the past 30 prior to hospital 
admission) of substance use at baseline was measured using the Addition 
Severity Index (ASI)- Lite. (McLellan et al., 1997) Substance use was 
dichotomized into whether they used the substance in the past 30 days 
(yes/no) due to a highly skewed distribution in the days of use. Non- 
prescribed substances assessed included alcohol (binge drinking, 
defined as consuming 5 or more drinks on an occasion for men or 4 or 
more drinks on an occasion for women), sedatives/hypnotics/tranquil-
izers (hereafter, “sedatives”), cocaine, amphetamines, and hallucino-
gens. The current study focuses on cocaine use, binge drinking, and 
sedative misuse, as use of amphetamines and hallucinogens was very 
infrequent in this sample. 

2.3. Outcome data 

Death certificate data from the Maryland Division of Vital Records 
was used to identify participants who died 3.3–5.5 years post-discharge. 
In this study, we examine the number of days between the initial hos-
pital discharge date and the date of death for deaths due to (a) any cause 
and (b) drug overdose. Deaths were determined to be drug overdoses if 
the Medical Examiner classified the cause of death on the death certif-
icate as overdose or intoxication. All overdose deaths are assumed to be 
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accidental because suicide was not listed as a cause of death on any 
overdose deaths that occurred in this study. We also describe the most 
common causes of death for participants who died from causes other 
than drug overdose. 

2.4. Statistical analysis 

Pearson’s chi-square, Fisher’s exact, and t-tests were used to 
compare demographics and baseline prognostic variables between those 
who did not die and those who died from (a) any cause and (b) drug 
overdose. Covariates that were decided a priori to potentially influence 
risk of death (age, sex, race, and NavSTAR randomization arm) and that 
were significantly different between those who died and those who did 
not die were included in multivariate regression models. A proportional 
hazards Cox regression model was used to estimate the impact of the 
concurrent use of opioids with other substances on all-cause mortality. A 
competing risks regression model was used to estimate the impact on 
overdose mortality, with overdose death as the event of interest and 
non-overdose (i.e., other) death as the competing event. Survival curves 
were created to demonstrate survival estimates for any statistically 
significant effects of concurrent substance use on mortality. Statistical 
significance was defined as P < 0.05. Data were analyzed using Stata/SE, 
version 17 (StataCorp). 

2.5. IRB approvals and data and safety monitoring 

The study was approved by the Friends Research Institute and Uni-
versity of Maryland Institutional Review Boards (IRB). The study was 
registered at ClinicalTrials.gov (NCT02599818). A federal Certificate of 

Confidentiality was obtained to protect the confidentiality of partici-
pants’ data. 

3. Results 

3.1. Participant characteristics 

There were 314 adults with OUD enrolled in the NavSTAR trial and 
included in this analysis. The most common admission/discharge di-
agnoses, as categorized by the Medical Dictionary for Regulatory Ac-
tivities (MedDRA), (Welcome to MedDRA | MedDRA. Accessed October 
11, 2023) included infections and infestations (n = 182); injury, 
poisoning, and procedural complications (n = 32); cardiac disorders (n 
= 25); respiratory, thoracic, medistatinal disorders (n = 17); vascular 
disorders (n = 14); and gastrointestinal disorders (n = 10). All other 
diagnosis groups had cell counts less than 10. Among these 314 in-
dividuals, 45 % were female, 48 % were White, and the mean age was 
44. In the 30 days prior to study enrollment, 230 (73 %) participants 
used cocaine, 64 (20 %) binge drank, 45 (14 %) used non-prescribed 
sedatives, 12 (4 %) used hallucinogens, and 2 (1 %) used non- 
prescribed amphetamines. Table 1 provides demographic and sub-
stance use characteristics at baseline, comparing those who did not die 
to those who died from (a) any cause and (b) drug overdose. 

3.2. All-cause mortality 

Nearly one-third (N = 98; 31 %) of participants died during the 
observation period. Bivariate analyses found that compared to those 
who did not die, participants who died from any cause were older (mean 

Table 1 
Sociodemographic and substance use characteristics of those who did not die and those who died from (a) any cause and (b) drug overdose; 2016–2021.  

Demographic variable All-cause death (N = 98), 
n (%) 

No death (N = 216), n 
(%) 

P-value Overdose death (N = 52), n 
(%) 

No Death (n = 216), n 
(%) 

P-value 

Female sex 44 (44.9) 98 (45.4)  0.938 25 (48.1) 98 (45.4)  0.725 
Mean (SD) age 46.9 (11.8) 42.1 (12.3)  0.001* 44.0 (11.1) 42.1 (12.3)  0.303 
Race    0.448    1.00 
White 44 (44.9) 107 (49.5)  26 (50.0) 107 (49.5)  
Black 53 (54.1) 103 (47.7)  25 (48.1) 103 (47.7)  
Other 1 (1.0) 6 (2.8)  1 (1.9) 6 (2.8)  
Completed High School 39 (39.8) 148 (68.5)  <0.001* 20 (38.5) 148 (68.5)  <0.001* 
Marital status    0.842    0.762 
Never married 56 (57.1) 131 (60.7)  30 (57.7) 131 (60.7)  
Married 9 (9.1) 18 (8.3)  6 (11.5) 18 (8.3)  
Widowed, Separated, or Divorced 33 (33.7) 67 (31.0)  16 (30.8) 67 (31.0)  
Homeless 40 (40.8) 107 (49.5)  0.151 23 (44.2) 107 (49.5)  0.492 
Employment pattern, past 3 yearsa    0.004*    0.058 
Full- or part-time work 13 (13.4) 50 (23.6)  6 (11.5) 50 (23.6)  
Unemployed 41 (42.3) 106 (50.0)  25 (48.1) 106 (50.0)  
Retired or disability 43 (44.3) 56 (26.4)  21 (40.4) 56 (26.4)  
NavSTAR arm 47 (48.0) 116 (53.7)  0.345 26 (50.0) 116 (53.7)  0.631 
Mean (SD) number of times hospitalized 10.3 (15.6) 8.8 (16.5)  0.450 13.0 (20.5) 8.8 (16.5)  0.116 
Chronic medical problem(s)b 85 (86.7) 164 (75.9)  0.028* 45 (86.5) 164 (75.9)  0.097 
Prescribed medication(s)b 61 (62.2) 103 (47.7)  0.017* 31 (59.6) 103 (47.7)  0.122 
Non-opioid substances used in past 30 

days       
Alcohol (binge drank) 17 (17.4) 47 (21.8)  0.368 8 (15.4) 47 (21.8)  0.307 
Sedatives 19 (19.39) 26 (12.0)  0.085 11 (21.2) 26 (12.0)  0.087 
Cocaine 71 (72.5) 159 (73.6)  0.829 43 (82.7) 159 (73.6)  0.172 
Amphetamines 0 (0.0) 2 (0.9)  1.00 0 (0.0) 2 (0.9)  1.00 
Hallucinogens 2 (2.0) 10 (4.6)  0.353 1 (1.9) 10 (4.6)  0.697 
Mean (SD) number of times treated for 

drug use 
4.9 (6.1) 5.3 (8.1)  0.706 4.8 (5.5) 5.3 (8.1)  0.653 

Any mental health disorder 26 (26.5) 65 (30.1)  0.519 15 (28.9) 65 (30.1)  0.860 

Fisher’s exact test was used when cell size < 6. 
SD = Standard Deviation 
* = statistically significant (P < 0.05). 

a Does not include 4 individuals: 3 students and 1 in a controlled environment. 
b The ASI defines a chronic medical problem as a serious physical condition that requires regular care, preventing full advantage of the person’s abilities. Prescribed 

medications are defined as medication prescribed for a medical problem. Thus, these definitions do not include psychiatric problems or medications. 
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age 42 vs 47; P = 0.001), less likely to have completed high school (40 % 
vs 69 %; P < 0.001) and be employed (13 % vs 24 %; P = 0.004), and 
more likely to have chronic medical problems (87 % vs 76 %; P = 0.028) 
and be prescribed medications (62 % vs 48 %; P = 0.017). Because 
employment and high school completion were correlated, only high 
school completion was included in the regression analyses. In the 
multivariate proportional hazards Cox regression analysis (Table 2), 
individuals who used sedatives were twice as likely to die from any 
cause (HR = 2.05 [1.20,3.50]; P = 0.008; Fig. 1) and those who 
completed high school were 0.36 times less likely to die (HR = 0.36 
[0.24,0.54]; P < 0.001). The risk of all-cause mortality increased by 3 % 
(HR = 1.03 [1.01,1.05]; P = 0.001) for each additional year in age. 

There were 46 participants who died from causes other than drug 
overdose. The most common other causes of death included: 13 organ 
failures (most often due to sepsis), 11 cardiovascular events (e.g., car-
diovascular disease, sudden cardiac arrest), 6 respiratory events (e.g., 
respiratory arrest/failure), 5 cancer deaths, and 11 other causes (with 3 
or fewer cases in any one category). 

3.3. Overdose mortality 

Drug overdose or intoxication was listed as a direct or precipitating 
cause in 53 % (N = 52) of deaths. Nearly all overdose deaths (50/52; 96 
%) involved an opioid In bivariate analyses, those who died from drug 
overdose were less likely to complete high school (38 % vs 69 %; P <
0.001) than those who did not die. In the competing risks regression 
analysis, the risk of overdose mortality was 62 % lower (HR = 0.38 
[0.22,0.66]; P = 0.001) for those who completed high school. No sub-
stances or other prognostic variables examined were statistically 
significantly associated with overdose mortality. 

4. Discussion 

This study was unique in that it examined polysubstance use and 
long-term post-discharge mortality among medical/surgical patients 
with OUD. Overall, there was a high rate of mortality, with nearly one- 
third of participants dying within 3.3–5.5 years post-discharge, despite a 
young average age of 44 years at enrollment. The concurrent use of 
opioids and non-prescribed sedatives as measured at baseline doubled 
the risk of all-cause mortality compared to opioid use alone among this 
study population. This finding supports our hypothesis and the existing 
literature describing the increased risk of death from combined opioid 
and sedatives use. (Jones et al., 2012; Garg et al., 2017; Cho et al., 2020) 
However, the association between overdose mortality and the concur-
rent use of opioids and non-prescribed sedatives was not statistically 
significant. The lack of statistical significance may be due to the small 
sample size and limited power. Alternatively, non-prescribed sedative 
use may be associated with broader detrimental health outcomes that 
lead to other types of deaths. For example, people with OUD who use 

sedatives non-medically may engage in other behaviors harmful to their 
health; the combined use of opioids and non-prescribed sedatives may 
cause other health problems; or it is possible that people with OUD in 
poorer health (i.e., who are already at higher risk of mortality) seek out 
sedatives illicitly to address symptoms of existing health conditions. 
Further research is needed to understand contributing risk factors for 
mortality other than overdose among hospitalized patients with OUD 
using sedatives extra-medically. An important consideration is that 
concurrent use of sedatives was measured in a fairly coarse way, at the 
time of the index hospitalization. Concurrent use of non-prescribed 
sedatives among hospital patients with OUD may thus be a clinically 
useful prognostic for subsequent risk of death. 

Interventions to reduce post-discharge mortality risk associated with 
the concurrent use of opioids and non-prescribed sedatives should be 
implemented and investigated. For example, educational interventions 
may teach patients about the risks of combining opioids with sedatives. 
Teaching people how to identify illicitly manufactured sedatives, which 
can be far more dangerous than prescription sedatives, (Mahase, 2020) 
may prevent the unintentional use of non-prescribed sedatives. Addi-
tionally, safe storage, use, and disposal of prescription sedatives among 
those prescribed sedatives may prevent drug diversion. Lastly, 
increasing the availability of local drug checking services and raising 
awareness of the availability of these programs will allow people who 
use drugs, including opioids and sedatives bought on the street/black 
market, to understand the composition of their substances prior to use 
and avert unintended overdoses. Further research is needed that focuses 
on the development and evaluation of such interventions for preventing 
concurrent and simultaneous use of opioids and non-prescribed 

Table 2 
Results of (a) proportional hazards cox regression and (b) competing risks regression analyses among hospitalized patients with OUD; 2016–2021.   

(a) All-cause death (n = 98) vs no death (n = 216) (b) Overdose death (n = 52) vs no death (n = 216)  

Hazard ratio 95 % CI P-value Hazard ratio 95 % CI P-value 

Sedativesa  2.05 1.20–3.50  0.008*  1.73 0.85–3.52  0.131 
Cocainea  1.11 0.69–1.80  0.660  1.85 0.86–3.98  0.118 
Alcohol (binge)a  0.64 0.37–1.09  0.100  0.57 0.25–1.26  0.163 
Sex  1.09 0.72–1.67  0.674  1.08 0.60–1.96  0.797 
Age  1.03 1.01–1.05  0.001*  1.01 0.98–1.03  0.456 
White race  1.21 0.76–1.90  0.421  1.10 0.58–2.11  0.769 
Completed high school  0.36 0.24–0.54  <0.001*  0.38 0.22–0.66  0.001* 
NavSTAR Study Arm  0.80 0.53–1.21  0.290  0.92 0.52–1.61  0.763 
Chronic Medical Problems  1.12 0.57–2.22  0.746  1.29 0.52–3.16  0.585 
Prescribed medication  1.66 0.99–2.77  0.054  1.53 0.78–3.02  0.218 

* = statistically significant (P < 0.05). 
a Any use in past 30 days. 

Fig. 1. Cox proportional hazards regression survival curves among hospitalized 
patients with OUD (N = 314), by concurrent sedative use; 2016–2021. 
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sedatives. 
This study found a strong and significant association between high 

school completion and decreased mortality, including both all-cause 
mortality and overdose mortality. These results are consistent with 
prior studies demonstrating a decreased overdose mortality risk asso-
ciated with increased educational attainment. One study found that 
from 2013 to 2019, proportionate mortality due to opioid overdose 
increased by 120 % for the less-than-high-school-diploma education 
group, whereas the increase was only 60 % and 30 % for groups with 
bachelor’s and graduate-level educations, respectively. (Duan and 
Hand, 2021) It is possible that premature termination of high school 
education may lead to more stress or depression and higher likelihood of 
unhealthy behaviors, including risky substance use. Vice versa, sub-
stance use may lead to premature termination of high school education. 
Future research should examine the directionality of these events to 
inform interventions that aim to reduce inequities in health. Further-
more, low educational attainment is associated with various other 
negative social determinants of health, such as low income, insecure 
housing, and criminal-legal involvement, (Papay et al., 2015; Broton, 
2021; Novak, 2019; Weidner and Schultz, 2019; Health, 2020) and these 
factors may interact and synergistically cause worse health outcomes. 
Further research is needed on the intersectionality of these character-
istics and their impact on overdose mortality. Responses to the drug 
overdose epidemic should consider disparities in educational attain-
ment, and collecting employment and education levels upon hospital 
admission may inform the delivery of overdose prevention interventions 
that target the most vulnerable groups. 

This study has several limitations. Generalizability is limited because 
this study was conducted at a single urban academic medical center in 
Baltimore. This single-site patient population experienced high levels of 
unemployment and homelessness, and the use of amphetamines, hal-
lucinogens, and other substances was too low to assess the added risk of 
death conferred by these substances. Future studies are needed that 
include larger and more diverse patient populations and geographic 
regions, such as hospitalized patients from Western U.S. states where 
methamphetamine use is more common. (Jones, 2020) Another limita-
tion is that this study did not examine which substances contributed to 
the death and whether participants continued to use the same substances 
long-term that they reported at baseline. It is possible that patients’ 
substance use and drug preferences changed throughout the study and 
follow-up period, which occurred during a time in which fentanyl dis-
placed heroin in most U.S. street drug markets and new substances, such 
as Xylazine, entered the drug supply. (Montero et al., 2022) Addition-
ally, this study focused on the use of multiple substances over a 30 day 
time period (i.e., concurrent use) because we were unable to assess the 
simultaneous use of specific substances using the ASI. This common 
methodological challenge (Connor et al., 2014) prevents us from 
capturing the rate at which simultaneous polysubstance use occurs and 
quantifying the added risk of death conferred by ingesting multiple 
substances at one time compared to using multiple substances at 
different points in time. However, the fact that concurrent use of non- 
prescribed sedatives within the past 30 days of the index hospitaliza-
tion doubled the risk of all-cause mortality over an extended time frame 
suggests that this variable could be an important prognostic indicator of 
risk and a target for additional intervention in the hospital setting and 
post-discharge. Lastly, participants who died outside the state of Mary-
land would not have been captured. 

5. Conclusion 

These results highlight the need to address concurrent use of opioids 
and sedatives as part of comprehensive care for hospitalized adults with 
OUD. While many providers are addressing the risks of sedative pre-
scriptions (primarily benzodiazepines) among patients with OUD, the 
non-prescribed use of sedatives is common and significantly associated 
with post-discharge mortality. Efforts to reduce post-discharge mortality 

risk should incorporate strategies to prevent, mitigate, and treat the use 
of multiple substances and target patients most vulnerable. 
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