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Abstract

Background Pre-injury opioid use is common, but the effects of opioid-related polysubstance use on mortality
and health resources utilization (HRU) have not been investigated yet. The objective of this study was to investigate
the effects of opioid-related polysubstance use on mortality and HRU among patients in trauma centres in the US.

Methods We conducted a retrospective cross-sectional study using the US National Trauma Databank from the year
2017 to 2019. Patients (> 18 years of age) who tested positive for opioids were included. Patients were analysed based
on the number of substances used (i.e., opioids only, two substances (opioids+ 1 substance), and three or more

than three substances (opioids+ > 2 substances)), and polysubstance by type (i.e., opioids only, opioids and alco-

hol, opioids and stimulants, opioids and benzodiazepine, and other combinations). Multivariate logistic regression
was used to determine the association between polysubstance use, mortality and HRU (i.e,, need for hospital admis-
sion, ICU, and mechanical ventilation).

Results Both polysubstance by number and type analyses showed that opioid-related polysubstance use

was not significantly associated with mortality compared to opioids only. The odds of hospital admission were higher
among the opioids and benzodiazepines group (OR 1.15,95% CI 1.06-1.24, p <0.01). The need for ICU was magnified
using benzodiazepines and stimulants with opioids (OR 1.44, 95% Cl 1.27-1.63, p<0.01) when compared to the opi-

oids only group.

Conclusion Opioid-related pre-injury polysubstance use was associated with higher HRU in trauma patients. The
evidence can be used by policymakers and practitioners to improve patient outcomes in trauma centers.
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Introduction

Substance use is prominent among patients admitted to
trauma centers in the US. It is estimated that approxi-
mately 40-50% of trauma patients are using multiple
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substances before their injury (Cornwell et al. 1998).
Additionally, 50-70% of the patients tested positive for
illegal substances or alcohol during hospital admission in
trauma centres (Demetriades et al. 2004). Polysubstance
use—defined as concurrent or sequential consumption of
two or more substances within a short period of time. It is
also very common among people who use opioids (Has-
san and Foll 2019) and is a contributing factor to trau-
matic injuries (Cowperthwaite and Burnett 2011). For
instance, a motor vehicle driver with polysubstance use
has higher odds of getting into traffic accidents than
those abusing a single substance (Dubois et al. 2015).
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Nearly 63% of opioid overdose deaths involved one or
more additional substances like cocaine, methampheta-
mine, or benzodiazepine (Gladden et al. 2019). Depres-
sants (e.g., alcohol and benzodiazepine) and stimulants
(e.g., amphetamine and methamphetamine) are the
most used substances with opioids (NIDA 2022). Among
106,000 deaths due to overdose in the US in 2021, 67%
of them involved an opioid (NDA 2022). Deaths involv-
ing polysubstance use with opioids are common, making
polysubstance use a major problem among opioid users
(Compton et al. 2021; Barocas et al. 2019).

According to several pharmacoepidemiologic studies,
patients who are on benzodiazepine prescriptions and
concurrently use opioid analgesics pose a higher risk of
death from drug overdose than those simply receiving
opioids only (Park et al. 2015; Yang et al. 2020; Hernan-
dez et al. 2018; Gibbons et al. 2021). Similarly, when opi-
oids and alcohol are consumed together, there are more
health hazards than when consumed alone (Witkiewitz
and Vowles 2018). Alcohol and opioids have unfavourable
pharmacodynamic interactions, such as an increased risk
of respiratory depression and overdose-related deaths
(White and Irvine 1999). Methamphetamine and opiate
use are associated with hepatitis C virus, severe mental
illness, and increased use of injectable drugs (Korthuis
et al. 2022 Aug). As a result, the co-use of substances
increases the risk of fatal overdose significantly among
patients who consume opioids.

Drug screening during the admission in trauma cen-
tres is the focal point of information gathering for sub-
stance use. Many studies used drug screening results to
examine the effect of pre-injury substance use on the dif-
ferent clinical outcomes of trauma patients (Cowperth-
waite and Burnett 2011; Andelic et al. 2010; Karnick et al.
2021; Cheng et al. 2016; Yeung et al. 2013; Culhane and
Freeman 2020). As pre-injury substance use is one of the
major contributors to traumatic injury, its effect on dif-
ferent health outcomes (e.g., mortality and cardiac com-
plications) were studied previously (Cheng et al. 2016;
Culhane and Freeman 2020; Cannon et al. 2014). Among
them, several studies have shown that pre-injury opioid
use was not associated with mortality among trauma
patients but was instead linked with an increased length
of hospital stay (Cheng et al. 2016; Pandya et al. 2015).
As polysubstance use with opioids has increased recently
(BJA.gov 2018), it is essential to explore the effect of opi-
oid-related polysubstance on outcomes among trauma
patients (cinc. 2020).

Health resource utilization (HRU) is an important
measuring parameter to ensure the best possible health
outcomes for patients while saving a substantial eco-
nomic burden in the trauma centres (Ungar et al. 1998).
Notably, use of ICU and mechanical ventilation are the
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most critical resources in the hospital setting. They are
not only associated with patient’s outcome and health
care system’s economic landscape but also are equally
significant from the payer’s perspective. Additionally,
within the realm of pre-injury polysubstance use, iden-
tifying the association between HRU for each type of
pre-injury substance use holds the promise of enhancing
decision-making processes both at the patient and health
care system levels. For instance, gaining insights of the
higher odds of ventilator use associated with polysub-
stance use can inform more precise and efficient resource
allocation strategies. These insights have the potential to
optimize health care delivery, improve patient outcomes,
and alleviate the strain of economic burden faced by
health care system.

To date, the role of opioid-related polysubstance use
on trauma outcomes such as mortality and HRU has not
been documented. Therefore, this study aimed to deter-
mine the effect of pre-injury opioid-related polysub-
stance on mortality and HRU among trauma patients.
We hypothesized that pre-injury opioid-related polysub-
stance use is associated with an increased risk of mor-
tality and increased HRU when compared to the use of
opioids only.

Materials and methods

Study design and population

We conducted a retrospective cross-sectional study using
a large national database of trauma centers, the National
Trauma Data Bank (NTDB), from the year 2017 to 2019.
The databank was obtained from the American College
of Surgeons (ACS) and further approved by the Institu-
tional Review Board of West Virginia University (IRB:
2201506253). All the patients included in the study were
based on their unique admission records. It includes
information on the sociodemographic, injury, emergency
department, hospital procedure, diagnosis, hospital com-
plications, and care process measures for patients. The
NTDB consists of urine drug screening information for
12 different types of drugs, as well as blood alcohol lev-
els. The drug screening variable was defined as the first
recorded positive drug screen results within 24 h after
the first hospital encounter and is presented as a binary
variable in the database. The other variable “drug screen-
ing tested” provided the information whether the screen-
ing was performed or not along with missing data” The
drugs included in the screening were opioids, ampheta-
mine, barbiturates, benzodiazepine, cocaine, metham-
phetamine, ecstasy, methadone, oxycodone (coded as
an opioid in this study), phencyclidine, tricyclidine anti-
depressants, cannabinoids, and others. In this study,
amphetamine, cocaine, methamphetamine, and ecstasy
were grouped as stimulants, and patients with Blood
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Alcohol Concentration (BAC) >0.08 were termed as alco-
hol positive. The missing values (9396) for blood alcohol
concentration were excluded from the study (Fig. 1).

Trauma patients that were > 18 years of age who tested
positive for opioid use were included in this study. They
were analyzed based on polysubstance use by number
and by type of substances. The comparator group of the
study is the group of opioids only. Polysubstance by num-
ber were categorized into groups of those who used opi-
oids only, two substances: opioids+one substance, and
polysubstance or three or more substances: opioids+ >2
substances. Polysubstance by type was categorized by
either opioid only or opioids with one of the following:
alcohol, stimulants, or benzodiazepine. These combina-
tions were selected based on a descriptive analysis of the
frequently observed combination of substances positive
with opioids. Other polysubstance combinations by sub-
stances were excluded in this study.

Variable selection

The primary and secondary outcomes were mortality and
HRU, respectively. The HRU included need(s) for hospi-
tal admission, intensive care unit (ICU) admission, and
mechanical ventilation.

The covariates that were included in our analysis were
age, sex, race, payment method, hypertension, diabetes,
smoker, congestive heart failure (CHF), chronic renal
disease (CRD), alcohol use disorder (AUD), and sub-
stance use disorder. Substance use disorder and drug use
disorder variables were combined into a single variable
named substance use disorder (SUD) to make the data
uniform for 3 years. Following the NTDB guidelines, we
also considered hypotension, pulse rate, systolic blood
pressure (SBP), total Glasgow Coma Scale (GCS), mecha-
nism of injury, and injury severity score (ISS), as covari-
ates in investigating the odds of mortality (Hashmi et al.
2018). We used the same covariates in examining the
odds of hospital admission, ICU admission, and need for
mechanical ventilation.

Data analytic strategy

Missing data

Missing value for dependent variables (i.e., mortal-
ity, hospital admission, ICU admission, and need for
mechanical ventilation) and independent variables
(substance use) were removed. We then implemented
a mean imputation technique for MAR values for three
covariates i.e., total GCS, SBP, and pulse rate using MICE
package in R for missing values (Zhang 2016). For other
categorical covariates such as age, sex, primary method
of payment, race, trauma type, mechanism of injury and
injury severity, missing values were labelled as “missing”
and were included in the analysis.
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Statistical analyses

We conducted a descriptive analysis to determine opi-
oid-related pre-injury polysubstance use among trauma
patients. Comparisons within the groups based on pol-
ysubstance by number and type were done using Chi-
square tests for categorical data and an ANOVA test
for continuous variables. Bonferroni adjustment was
made for multiple comparisons. Furthermore, we con-
ducted Wilcoxon rank test to determine the association
between the independent variables and outcome vari-
ables (hospital length of stay, ICU days, and ventilator
days). The odds ratio (OR) was calculated to estimate
the effect of these variables on the primary and second-
ary outcomes.

A multivariate logistic regression model was used to
determine the association of pre-injury polysubstance
use with mortality, hospital admission, ICU admission,
and the need for mechanical ventilation. The regression
model was adjusted for age, gender, race, mechanism of
injury, injury severity score, SBP, pulse rate, GCS, AUD,
SUD, CHEF, CRD, smoker, hypertension, and diabetes.
All the statistical analyses were performed using SAS
version 9.4. Furthermore, we also explored the effect of
polysubstance on mortality and HRU by using patients
with no substance as comparison group.

Significance

All statistical tests were performed at a value 0.95,
and the p-value was termed as significant if the value
was <0.05. To demonstrate the relative effects of poly-
substance use on mortality and HRU, an OR with a 95%
confidence interval was reported.

Results

Of 3,138,896 patients, only 924,473 (29.4%) patients
were screened for substance use and 89,080 (2.83%)
observations were missing for the drug screening vari-
able. Among them, 73,648 (8%) patients were tested
positive for opioids. Overall, 58,463 patients met the
inclusion criteria. Among them, a total of 17,930 (31%)
patients had opioid use only, 20,165 (35%) patients
tested positive for two substances, and 20,376 (34.8%)
had tested positive for three or more substances.
Among the categories of polysubstance by type, 3740
(5%) patients were identified as positive for opioids
and alcohol, 4076 (7%) patients for opioids and ben-
zodiazepine, and 6126 (11%) patients for opioids and
stimulants. Additionally, 895 (1%) patients tested posi-
tive for the combination of opioids, alcohol, and ben-
zodiazepine, and 1611 (3%) patients tested positive for
the combination of opioids, stimulants, and benzo-
diazepine. There were only 34,378 patients who were
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Total observations from three year
(2017,2018 & 2019)
N=13,138,896

ﬂ Records removed because drug screening was

Total number of observations not performed = 2,125,343
where drug test was performed =
924,473

Records removed after missing data on drug
screening = 89,080

Records removed because

ﬂ [ patients were not tested

positive for opioids= 835,393

Total number of observations for
patients tested positive with
opioids = 73,648

Records removed because of
ﬂ => missing data on alcohol

screening= 9,396

Total number of observations
included in the analysis= 64,252

. Records removed because of
ﬂ [ 4 missing data on all dependent
variables= 5.789

Total number of observations included
in the analysis for number of
substances= 58,463

Records removed because of

R missing data
L v Need of ICU = 1,385

Need of ventilation = 589

Total number of observations included for:
Mortality = 58,463
Need of hospitalization = 58,463
Need of ICU = 57,051
Need of mechanical ventilation = 57,874

N Records removed because of other
combinations = 24,085

Total number of observations included in
the analysis by type of substances=
34.378

Records removed because
of missing data

> Need of ICU = 1,051

Need of ventilation = 369

Total number of observations included for:
Mortality = 34,371
Need of hospitalization = 34,371
Need of ICU = 33,356
Need of mechanical ventilation = 34,002

Fig. 1 Flow chart of patients included in the analysis
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included in the analysis by substance type. Other com-
binations were not incorporated for the analysis of type
of substances.

Baseline patient characteristics

Table 1 presents the baseline demographic characteristics
of trauma patients for pre-injury polysubstance use by
the number of substances. For the age group <21 years,
use of two substances was more common whereas for the
older population (i.e., > 65 years), use of opioid only was
frequent (60.1%). Age groups 22-34 and 35-44 years,
intake of three or more substances were higher than two
substances use and opioid only. Interestingly, greater
percentage of males (37.2%) tested positive for three or
more substances and opioid+1 substance compared to
females. When comparing race among the groups, Afri-
can Americans tested positive more often for two sub-
stances and three or more substances use compared to
opioids only. Additionally, Pacific Islander also had higher
intake of additional substances with opioids. Uninsured
patients had greater use of three or more substances,
followed by two substances and then opioids only (44%
vs. 35% vs. 20%, p<0.001). Additionally, patients with
a history of AUD, SUD, and smoking had significantly
(p<0.001) higher intakes of three or more substances
compared to two substances use (AUD: 46% vs. 38% vs.
15%, SUD: 52% vs. 37% vs. 10%, smoker: 22% vs. 39 vs.
45%, respectively). The median GCS was 15, and median
SBP was 133 mm hg among patients tested for three or
more substances.

Additional file 1: Table S1 presents the demograph-
ics for patients based on polysubstance by type of
substances. Age groups ranging from 22 to 34 and
45-64 years were more prone to use the different com-
binations of the substances. Opioids and stimulants
are the most common combination for the age group
22-34 years (25%), 35—44 years (27%) and 45-64 years
(18%). The uninsured patients were commonly using the
combination of opioids and stimulants (27%), followed by
opioids and alcohol (14%). Similarly, among the patients
with SUD, 45% of the patients were tested positive for the
opioids and stimulants.

The median hospital length of stay was similar among
the two substances and three or more substances
(Table 2); however, the IQR increased with the higher
number of polysubstance uses. Based on the number of
substances, polysubstance had the least median venti-
lator days (2, [IQR 2-7]) while the two substances and
opioid-only groups had a similar median (3, [IQR 2-7]
vs. 3, [IQR 2-7]). For polysubstance by type, the median
hospital length of stay was highest among patients who
tested positive for the combination of opioids and benzo-
diazepine (5, [IQR 3-8]) and the combination of opioids,
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alcohol, and benzodiazepine (5, [[QR 3-8]). The combi-
nation of opioids, alcohol, and benzodiazepine had the
highest IQR but the lowest median for ventilator days (2,
[IQR 1-8)).

Mortality in adult trauma patients using polysubstance
with opioids

The odds of mortality for two substances and three or
more substances use compared to opioids only were
lower (OR 0.94, 95% CI 0.77-1.15, p=0.58), (OR 0.82,
95% CI 0.67-1.02, p=0.08) but were not statistically sig-
nificant (Table 3).

Similarly, when evaluating mortality among patients
with polysubstance use by substance type, the odds of
mortality of different combinations were lower compared
to opioids only, except for the combination of opioids and
stimulants. The combination of opioids and stimulants
had the highest odds of mortality (OR 1.15, 95% CI 0.84—
1.58, p=0.37), while the combination of opioids, alcohol,
and benzodiazepine had the lowest odds of mortality (OR
0.48, 95% CI 0.23-0.99, p=0.05); none was statistically
significant. However, the combination of opioids, alcohol,
and benzodiazepines were on the borderline to be statis-
tically significant.

When the comparison group was changed from
patients positive with opioids to patients negative to all
substances in urine drug testing, the result showed the
odds of mortality decreased by using opioids (OR 0.86
95% CI 0.75-0.79, p=0.04) (Additional file 1: Table S2).
Furthermore, the odds of mortality were lower for
patients using three or more than three substances (OR
0.73 95% CI 0.64-0.83, p<0.0001) (Additional file 1:
Table S2). Use of opioids, alcohol and benzodiazepines
had the lowest odds of mortality (OR 0.44 95% CI 0.22—
0.87, p=0.02).

Healthcare resource utilization in trauma patients using
opioid-related polysubstance

Among the polysubstance by number, the use of two sub-
stances was associated significantly with an increased
risk of hospital admission (OR 1.2, 95% CI 1.14-1.25,
p<0.001), Similarly, the use of two substances or poly-
substance was also significantly associated with the need
of mechanical ventilation (OR 1.42, 95% CI 1.30-1.55,
p<0.001 vs. OR 1.67, 95% CI 1.52-1.84, p<0.001) com-
pared to the patients who used opioids only (Table 4).
However, the need for ICU admission was not statisti-
cally significant for both two substances and three or
more substances groups.

The odds of hospital admission were higher among
the opioids and benzodiazepine group (OR 1.15, CI
1.06-1.24, p<0.001). Interestingly, use of opioids and
stimulants decreased the odds of hospitalization (OR



Khadka et al. Injury Epidemiology (2023) 10:54 Page 6 of 11
Table 1 Demographics of trauma patients with pre-injury polysubstance use by number of substances
Characteristics Opioids Opioids + 1 substance Opioids + >2 substance p-value
Age yrs, n(%) <0.0001
<21 736 (23 6) 1232 (39.6) 42 (36.7)
22-34 6(19.2) 6115 (36.6) 7362 (44.1)
35-44 2238(21.9) 3691 (36.23) 4258 (41.8)
45-64 5932 (31.1) 6829 (36.2) 6064 (32.21)
=65 5808 (60.15) 2298 (23.80) 1550 (16.05)
Sex, n (%) <0.0001
Female 6903 (37.9) 5927 (32.5) 5378 (29.5)
Male 11,026 (27.39) 14,237 (35.36) 14,996 (37.25)
Missing 1(25.0) 1(25) 2(50.0)
Race/ethnicity, n (%) <0.0001
White 13,587 (32.59) 13,941 (334) 14,161 (33.97)
African American 2214(21.77) 4053 (39.85) 3903 (38.38)
Asian 362 (56.83) 154 (24.18) 121 (19.00)
American indian 120 (18.21) 222 (33.6) 317 (48.10)
Pacific Islander 21(21.00) 40 (40.0) 39 (39.00)
Other 1544 (31.63) 1638 (33.55) 1700 (34.8)
Missing 82 (24.55) 117 (35.03) 135 (4042)
Mechanism Category, n (%) <0.0001
Auto versus Pedesterian 632 (24.28) 939 (36.07) 1032 (39.65)
Fall 6811 (42.08) 5181 (32.01) 4194 (2591)
Motorcycle collision 1232 (32.75) 1343 (35.70) 1187 (31.55)
Motor vehicle collision 5417 (30.27) 6209 (34.69) 6271 (35.04)
Missing 210(23.73) 353 (39.89) 322 (36.38)
Other 2401 (25.76) 3177 (34.08) 3744 (40.16)
Penetrating 1227 (15.70) 2963 (37.91) 3626 (46.39)
Payment, n (%) <0.0001
Public 8235 (30.50) 9214 (34.14) 9537 (35.34)
Private 6924 (34.66) 6775 (33.91) 6279 (31.43)
Uninsured 1664(20.00) 2986 (35.89) 3670 (44.11)
Other 954 (37.14) 949 (36.94) 666 (25.92)
Missing 153 (24.76) 241 (39.00) 224 (36.25)
Comorbidities n (%)
Alcohol Use Disorder 824 (15.89) 1973 (38.04) 2390 (46.08) <0.0001
Substance Use Disorder 1174 (10.39) 4239 (3743) 5911 (52.20) <0.0001
Cognitive heart failure 744 (51.74) 407 (28.30) 287 (19.96) <0.0001
Chronic Renal Disease 208 (55.47) 108 (28.80) 59(15.73) <0.0001
Smoker 3745 (18.50) 7633 (37.70) 8869 (43.80) <0.0001
Hypertension 6639 (44.46) 4606 (30.85) 3687 (24.69) <0.0001
COPD 1512 (37.95) 1332(3343) 1140 (28.61) <0.0001
Diabetes 2788 (48.89) 1664 (29.18) 1251 (21.94) <0.0001
Injury Severity, n (%) <0.0001
Less severe 14,711 (31.40) 16,204 (34.89) 15,935 (34.01)
Severe 3160 (27.43) 3913 (34.09) 4405 (38.38)
Missing 59 (41.26) 48 (33.57) 36 (25.17)
GCS, median 15 15 15 <0.0001
Pulse Rate, median 87 90 92 <0.0001
SBP. median mmHG 140 135 133 <0.0001

ISS Injury Severity Score, COPD Chronic obstructive pulmonary disease, GCS Glasgow Coma Scale, SBP Systolic Blood Pressure
Chi-square test was conducted for the categorical variables and Anova was used for the continuous variables
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Table 2 Within group comparison of Health resources utilization among adult trauma patients who use polysubstance by number of

substance and by type of substances

Hospital Hospital length of stay 1CU admission n (%) ICU days Mechanical Ventilator days
admission  pedian (IQR) Median (IQR) Ventilation v gian (1QR)
(%) n (%)
Polysubstance use by number of substances
Opioid only 13,580 (64) 4 (3-6) 6183 (29) 3(2-5) 1457 (7) 3(2-7)
Opioids+ 1 substance 14,639 (65) 4 (2-6) 7137 (32) 3(2-5) 2489 (11) 3(2-7)
Opioids + > 2 substance 15,055 (68) 4 (2-7) 7529 (34) 3(2-6) 3286 (15) 2(2-7)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Polysubstance use by type of substances
Opioids only 13,580 (64) 4 (3-6) 6183 (29) 3(2-5) 1457 (7) 3(2-7)
Opioids and alcohol 2216 (62) 3(2-6) 1161 (33) 3(2-5) 372(10) 3(2-6)
Opioids and Stimulants 4543 (64) 4 (2-6) 2226 (31) 3(2-5) 848 (12) 3(2-6)
Opioids and benzodiazepines 3140 (66) 5(3-8) 1824 (38) 3(2-6) 749 (16) 3(2-8)
Opioids, alcohol and benzodi- 554 (64) 5(3-8) 387 (45) 3(2-6) 165 (19) 2(1-8)
azepines
Opioids, stimulants, and benzo- 1178 (62) 4 (3-8) 770 (47) 4(7) 416 (22) 3(2-7)
diazepines
p-value 0.0032 <0.001 <0.001 <0.001 <0.001 <0.001

Wilcoxon rank test was performed

Table 3 Odds of mortality in adult trauma patients after
adjusting multivariate logistic regression

Risk Factors OR?(95%Cl)  p-value
Polysubstance by number of substances
Opioids only Reference

094 (0.77-1.15)  0.58
0.82(0.67-1.02) 0.08

Opioids+ 1 substance
Opioids+ > 2 substance
Polysubstance by types of substances

Opioids only Reference

Opioids and alcohol 0.79 (0.55-1.16) 0.24
Opioids and stimulants 1.15(0.84-1.58) 037
Opioids and benzodiazepines 0.79 (0.59-1.06) 0.12
Opioids, stimulants and benzodiazepines  0.67 (0.39-1.16) 0.13
Opioids, alcohol and benzodiazepines 0.48 (0.23-0.98) 0.04

2 Logistic regression model was adjusted for age, sex, mechanism of injury,
injury severity, Glasgow Coma Scale and systolic blood pressure, pulse rate and
different comorbid conditions

0.89, CI 0.83-0.96, p<0.001). The ICU admission of
those using benzodiazepine and stimulants with opi-
oids was magnified significantly (OR 1.44, CI 1.27-1.63,
p<0.001). Additionally, the odds of need for ventilation
were approximately three times higher among patients
who tested positive for stimulants and benzodiazepine
with opioids compared to patients using opioids only
(OR 2.64, CI 2.21-3.15, p<0.001). Overall, using other
substances (alcohol, stimulants, and benzodiazepine)

with opioids was associated with increased odds of
needing mechanical ventilation.

When compared to patients with no substance
group, use of opioids and adding additional substances
increased odds of hospital admission but decreased the
odds of ICU admission and mechanical ventilation. Use
of opioids with benzodiazepines in addition to alcohol or
stimulants increased the odds of hospital admission, ICU
admission and mechanical ventilation (Additional file 1:
Table S3).

Discussion
One of the challenges of the polysubstance use in trauma
patients is trying to navigate which combinations affect
outcomes, as there are wide range of possible combina-
tions of substances that people can use. Through this
cross-sectional study, we have investigated the effect of
pre-injury opioid-related polysubstance use on two major
outcomes (mortality and HRU) among trauma patients.
Our results have illuminated several important findings.
Our study showed that only 29.4% of patients went
through drug screening in the trauma centers which
corroborates the study by Silver et al. (2023). Addition-
ally, our results showed that opioids were more frequently
used in combination with other substances compared to
opioids only. The finding highlights the intricate nature
of substance use behaviors, emphasizing the need for a
more comprehensive approach to address polysubstance
use that considers the potential interaction between
various substances. Younger patients in the age group
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Table 4 Odds of health service utilization in adult trauma patients after adjusting multivariate logistic regression

Hospital Admission

ICU Admission Mechanical Ventilation

Odds ratio?, CI p-value Odds ratio?, Cl p-value Odds ratio?, Cl p-value

Polysubstance use by number of substances

Opioids only Reference Reference Reference

Opioids+ 1 substance 0.98 (0.94-1.03) 0.6 1.02 (0.97-1.08) 033 142 (1.30-1.55) <0.001

Opioids+ > 2 substance 1.2 (1.14-1.25) <0.001 1.003 (0.95-1.05) 0.9 1.67 (1.52-1.84) <0.001
Polysubstance Use by type of substances

Opioids Only Reference Reference Reference

Opioids and alcohol combination 0.92 (0.85-1.00) 0.06 0.92 (0.84-1.01) 0.09 1.18(1.0 38) 0.03

Opioids and stimulants 0.89 (0.83-0.96) 0.002 08 (1.001-1.17) 0.04 49 (1.30-1.69) <0.001

Opioids and benzodiazepines 1.1 (1.06-1.24) <0.001 1.25(1.1 35) <0.001 78 (1.56-2. 03) <0.001

Opioids, stimulants and benzodiazepines 0.95 (0.84-1.06) 0.39 144 (1.27-163) <0.001 264 (2.2 15) <0.001

Opioids, alcohol and benzodiazepines 1.14 (0.98-1.33) 0.07 134 (1.14-1.57) <0.001 80 (1.4-2. 28) <0.001

2 Logistic regression model was adjusted for age, sex, mechanism of injury, injury severity, Glasgow Coma Scale, systolic blood pressure, pulse rate and different

comorbid conditions

22-34 years and 35-44 years were more likely to engage
in polysubstance use when considering polysubstance by
number. Similarly, polysubstance use was also common
among uninsured patients. These demographic patterns
highlight the vulnerability of specific populations to poly-
substance use and warrants for the targeted interventions
tailored to these under-served populations.

Within the realm of polysubstance combinations,
our research uncovered some noteworthy patterns. The
combination of opioids and stimulants was more com-
mon, followed by the combination of opioids and ben-
zodiazepine. However, an intriguing finding is that none
of these combinations were significantly associated with
mortality (Table 3). The result challenges the presump-
tion about the association between specific substance
combinations such as opioids and alcohol, opioids and
benzodiazepines and fatal outcomes, underlining the
multifaceted nature of mortality in trauma patients with
polysubstance use. Interestingly, even though the results
were not statistically significant, the use of polysubstance
showed a decrease in odds of mortality which implied
the protective effect of these combinations. Specifically,
the association of combination of opioids, alcohol and
benzodiazepines was in the borderline with mortality
(Table 3). This may be due to the various pharmacologic
effect of these drugs, or the robust conclusion may not be
drawn due to the limited information on the dosage and
timing of the use of these drugs.

Surprisingly, the combination of opioids and alcohol
were associated with higher mechanical ventilation
use and opioids and stimulants were associated with
lower odds of hospital admission. The result is intrigu-
ing and requires further investigation. The information
on the characteristics of patients and their comorbid

conditions should be further explored along with the
dose and timing of these substances used.

Our study showed the robust association between the
opioid-related two substances and polysubstance use
with higher HRU. For instance, the combination of ben-
zodiazepine and opioids along with other substances
(alcohol or stimulant) had an overall higher HRU. The
result highlights the importance of identifying the
specific health care challenges faced by patients using
these combinations.

Furthermore, when compared to patients with no
substance use, polysubstance use had decreased odds
of mortality. The association between use of opioids
and mortality was on the borderline. When compared
to other studies, our literature search presented varia-
ble findings and clinical outcomes related to the combi-
nation and use of substances examined in this research.
The effect of opioids on mortality has been widely stud-
ied in trauma patients, yet several studies have shown
no association (Cheng et al. 2016; Cannon et al. 2014;
Pandya et al. 2015). Elsewhere, while the effect of opi-
oids with polysubstance on mortality has not been
explicitly reported, research has shown that results vary
regarding the association between stimulant use and
mortality (Hadjizacharia et al. 2009; Neeki et al. 2018).
Satish et al. investigated the association of ampheta-
mine and cocaine separately on mortality, showing that
cocaine reduced the odds of mortality among trauma
patients, while amphetamine did not show any such
association (Satish et al. 2021). As highlighted, though,
outcomes vary in the literature (Yeung et al. 2013; Sat-
ish et al. 2021). Our study stands unique, as it finds no
association between the use of opioids and stimulants
with mortality.
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Cheng et al. studied the effect of different substances
on mortality and other clinical outcomes, such as opera-
tive interventions, hospital stay, and ICU stays. Their
study showed that benzodiazepine positive was not asso-
ciated with mortality, whereas the concurrent use of ben-
zodiazepine with opioids had higher odds of mortality
(Cheng et al. 2016). When used alone, benzodiazepine
was associated with increased mechanical ventilation and
ICU admission. Similarly, patients positive for opioids
only have lower odds of ICU admission and mechanical
ventilation, which supports the result in our study that
shows increased HRU among patients using opioids and
benzodiazepine combinations (Cheng et al. 2016).

Given the limited resources available in trauma cent-
ers specifically the mechanical ventilation and ICU, it
is essential to consider the efficient resource allocation
strategies. Right treatment and health care services can
improve the patient’s outcomes and reduce the economic
burden to both payers and heath care systems. The result
of the study enhances the right decision and right treat-
ment to right patient. Overall, the result of the study is
significant in optimizing the health care delivery and
patient’s outcome.

While previous studies have shown the effect of each
drug separately on mortality and other outcomes among
trauma patients, this study is the first to systematically
describe the effect of opioid-related polysubstance use
based on the number and types of combinations on mor-
tality and HRU. Moreover, this study is the first to con-
duct polysubstance research using a national database,
which increases its generalizability. This study also pro-
vides unique evidence on the effect of opioid-related pre-
injury polysubstance use on mortality and HRU among
trauma patients. The baseline for the study was estab-
lished with the opioid-only group. Comparing the effect
of polysubstance use with opioids only provides evidence
of how different combinations affect mortality and HRU.
Our study results will further inform healthcare provid-
ers and policymakers about the challenges posed by poly-
substance use in trauma patients and target population
to tailor their intervention to prevent polysubstance use.
Additionally, the combination of substances is of greater
importance because different combinations of drugs have
different effects on patients and health outcomes. Hence,
considering polysubstance use while treating patients in
trauma centers will help to improve health outcomes.

There are four notable limitations to our study. First,
because the NTDB lacks information on the number of
substances seen in the blood, the data about the drug
screening was limited to the drug’s presence. Therefore,
we could not incorporate the effect of the blood con-
centration of drugs on outcomes. Second, the database
did not provide whether positively tested drugs were
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prescribed. For example, if the patients were transported
by ambulance or transferred from another hospital, the
database did not show if they were administered narcot-
ics or benzodiazepine as a portion of their treatment.
Our study did not incorporate the possibility of the drug
being prescribed for clinical purposes, which is a major
limitation. The third limitation is related to the database
itself. NTDB is a national database and is limited by vol-
untary participation from the trauma centers. Only 29.4%
have the substance screening performed and hence, the
results are prone to testing bias. Similarly reporting bias
and coding errors can then be a potential restriction in
using this database. Finally, our study did not incorpo-
rate socioeconomic factors except for the patient’s age,
sex, and race. Other socioeconomic factors like educa-
tion, marital status, and income could affect the study’s
outcomes.

Conclusion

Opioid-related pre-injury polysubstance use was not
associated with mortality. Nevertheless, the use of opi-
oids and benzodiazepine is associated with an overall
increase in HRU outcomes (i.e., need for hospital admis-
sion, ICU, and mechanical ventilation.) Polysubstance
use is a significant problem among trauma patients,
which bears large economic burdens from increased
health services utilization. Future work is required to fur-
ther explore the interaction between different substances
and their effects on patients, other health outcomes and
health services utilization to understand the effect of pre-
injury polysubstance use among trauma patients.
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