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ABSTRACT
Introduction: Polysubstance abuse  (PSA) is a significant problem affecting our 
society. In addition to negatively affecting the health and well‑being of substance 
users, alcohol and/or drug abuse is also associated with heavy injury burden. 
The goal of this study was to determine if elevated serum alcohol  (EtOH) levels 
on initial trauma evaluation correlate with the simultaneous presence of other 
substances of abuse  (SOAs). We hypothesized that PSA would be more common 
among patients who present with EtOH levels in excess of the legal blood alcohol 
content (BAC) (≥0.10%).

Methods: An audit of trauma registry records from January 2009 to June 2015 was 
performed. Abstracted data included patient demographics, BAC measurements, 
all available formal determinations of urine/serum “drug screening,” Glasgow Coma 
Scale (GCS) assessments, injury mechanism/severity, and 30‑day mortality. Stratification 
of BAC was based on the 0.10% cutoff. Parametric and nonparametric statistical testing 
was performed, as appropriate, with significance set at α = 0.05.

Results: We analyzed 1550 patients (71% males, mean age: 38.7 years) who had both 
EtOH and SOA screening. Median GCS was 15  (interquartile range  [IQR]: 14–15). 
Median ISS was 9 (IQR: 5–17). Overall 30‑day mortality was 4.25%, with no difference 
between elevated (≥0.10) and normal (<0.10) EtOH groups. For the overall study 
sample, the median BAC was 0.10% (IQR: 0–0.13). There were 1265 (81.6%) patients 
with BAC  <0.10% and 285  (18.4%) patients with BAC  ≥0.10%. The two groups 
were similar in terms of mechanism of injury  (both, ~95% blunt). Patients with 
BAC  ≥0.10% on initial trauma evaluation were significantly more likely to have 
the findings consistent with PSA (e.g., EtOH + additional substance) than patients 
with BAC <0.10% (377/1265 [29.8%] vs. 141/285 [49.5%], respectively, P < 0.001). 
Among polysubstance users, BAC ≥0.10% was significantly associated with cocaine, 
marijuana, and opioid use.

Conclusions: This study confirms that a significant proportion 
of trauma patients with admission BAC ≥0.10% present with 
the evidence of additional substance use. Cocaine and opioids 
were most strongly associated with acute alcohol intoxication. 
Our findings support the need for further research in this 
important area of public health concern. In addition, specific 
efforts should focus on primary identification, remediation of 
withdrawal symptoms, prevention of drug‑drug interactions, 
and early PSA intervention.
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INTRODUCTION

Alcohol abuse is a major public health problem in the 
United States.[1] Alcohol is associated with motor vehicle 
collisions, industrial and recreational injuries, criminal 
activities, and various forms of drug abuse.[2‑4] Identified 
as a “gateway drug,” alcohol use is thought to lead to 
experimentation and use of marijuana, cocaine, and other 
illicit substances.[5‑10] This relationship is important to 
emphasize as the drug epidemic continues to escalate.[11,12] 
According to 2013 data from the National Institute on 
Drug Abuse, estimated 24.6 million Americans (9.4% of 
the population aged 12 years or older) had used an illicit 
drug “in the past month.”[13]

Both alcohol and drug use has been implicated as 
contributory to various types of trauma.[14,15] As many 
as 40%–60% of patients seen in trauma centers are 
under the influence of alcohol or other substances of 
abuse (SOAs) when admitted.[16,17] Following the initial 
standardized trauma evaluation – Airway, Breathing, 
Circulation, Disability, and Exposure,[18] one must quickly 
determine whether any alterations in mental status may 
represent acute intoxication. From definitional standpoint, 
patients who consume a combination of drugs are termed 
“polysubstance users.”[19,20] Polysubstance abuse (PSA) can 
be defined as the concurrent consumption of more than one 
SOA in a defined period, for nonmedical purposes.[20,21] In 
addition to the potential for the development of substance 
addiction, PSAs have elevated risk of associated toxicity and 
other adverse side effects.[21] Drug abuse, and particularly 
opiate abuse, resulted in more than 64,000 attributable 
deaths in the United States in 2016.[22,23] Moreover, vehicle 
drivers positive for alcohol and illicit drugs have greater 
odds of motor vehicle crash than drivers positive for either 
alcohol or illicit drugs in isolation.[24]

PSA is underrecognized secondary to unwillingness by 
patients to admit to substance abuse due to concerns about 
legal ramifications of possession, as well as health‑care 
provider reticence regarding asking about potentially 
embarrassing personal information.[25‑29] The assessment 
of polysubstance‑induced delirium further complicates 
the evaluation and treatment of the injured victim with 
shock and/or brain injury in the chaotic environment of 
the trauma resuscitation unit.[30,31] Consequently, better, 
quicker, and more standardized means of assessment are 
needed to enable physicians to identify and treat (poly) 
substance users more promptly and effectively.[32,33]

State laws generally refer to alcohol intoxication using 
predetermined blood alcohol content (BAC) levels, 
expressed in grams per deciliter  (g/dL).[34] When 
referring to “drunk driving,” BAC values in excess of 
0.08%–0.10% g/dL are considered to be synonymous 
with “legal intoxication,” depending on local laws.[34,35] 
This study sought to determine whether the presence of 

elevated blood alcohol levels on initial trauma evaluation 
correlated with the concurrent presence of other illicit 
SOAs. We hypothesized that PSA will be more frequent 
among patients who present with alcohol levels in excess 
of the legal BAC.

METHODS

After obtaining an Institutional Review Board exemption, 
we retrospectively reviewed admission records 
(total, n = 14,057) from our Level I Trauma Center 
registry beginning January 1, 2009, and ending June 1, 
2015. Abstracted data included patient demographics, 
BAC measurements, all available formal determinations 
of urine/serum drug screening (marijuana, cocaine, 
opioid, and benzodiazepines), injury mechanism 
and severity (injury severity score [ISS]) information, 
Glasgow Coma Scale (GCS) assessments, and 30‑day 
mortality. Data abstraction was centralized using 
Research Electronic Data Capture (Vanderbilt University, 
Nashville, Tennessee, USA).

For the purposes of this study, stratification of BAC 
levels to determine “acute intoxication” was based on 
the 0.10% cutoff, which represents the higher end of 
legal BAC limits on vehicular driving (e.g., 0.08%–0.10% 
g/dL) across most localities in the United States.[35] This 
allows our data to be applicable across a larger number 
of geographic settings than the more restrictive BAC of 
0.08% g/dL. Trauma physician discretion was used to 
determine whether trauma patients had qualitative and/
or quantitative drug screens during the study period.

Statistical analyses were performed using SPSS 
18  (PASW Statistics for Windows, SPSS Inc., 
Chicago, IL, USA). Data were tested for normality 
using Kolmogorov–Smirnov test, as appropriate. 
Intergroup comparisons utilized Chi‑square and 
Fisher’s exact tests (for categorical data) and Student’s 
t‑test (for normally distributed continuous data). 
Descriptive statistics using percentages, frequencies, and 
parameter‑specific central tendencies (mean ± standard 
deviation) were utilized where appropriate. Statistical 
significance was set at α = 0.05. Due to the paucity of 
preliminary data (and thus lack of information regarding 
expected intergroup differences) in this area of clinical 
investigation, no formal power analysis was done.

RESULTS

During the study period, a total of 2099 trauma patients 
underwent drug screening and 2352 trauma patients 
had their serum BAC evaluated. Of these two combined 
subsets, 1550 patients had both drug and serum BAC 
testing performed [Figure 1]. Patient demographics 
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benzodiazepines, 13.3% for opioids, 9.6% for marijuana, 
and 3.8% for cocaine [Table 1].

Of the 285 patients presenting with BAC ≥0.10%, 
approximately 51% were found to have isolated EtOH 
intoxication [Table 1]. When examining the remainder 
of the BAC ≥0.10% group, 37.5% patients were found to 
have 1–2 SOAs co‑present, and 11.9% had >2 additional 
SOAs identified [Table 1; P < 0.001]. Further stratifying the 
group with BAC ≥0.10% according to the SOA co‑present 
at the time of trauma evaluation, we found that 25.3% 
tested positive for opioids, 16.5% for marijuana, and 
6.7% had evidence of cocaine use [all, P <  0.015 when 
compared to BAC <0.10%, Table 1]. Finally, while 14.4% 
tested positive for benzodiazepines in the BAC ≥0.10% 
group, this was not significantly different from the 
BAC <0.10% group (15.2% positive for benzodiazepines).

We further found that concurrent presence of 1–2 
SOAs more than doubled in patients who presented 
with a BAC ≥0.10% when compared to the group with 
a BAC <0.10% (37.5% vs. 16.8%, P < 0.001). Overall, 
the co‑presence of >2 drugs of abuse was similar 
between the BAC <0.10% and BAC ≥0.10% groups 
[13.0% vs. 11.9%; Table 1].

We noted important differences between the BAC <0.10% 
and BAC ≥0.10% groups in terms of distribution patterns 
of the most common SOA – benzodiazepines and opioids. 
Although benzodiazepine use was similar between the 
two groups, the proportion of patients using cocaine, 
marijuana, and opioids was universally greater in the 
BAC ≥0.10% group [Table 1].

Our final set of comparisons examined patient outcomes 
in either the presence or absence of specific non‑EtOH 
SOAs [Table 2]. Among key results of this analysis, we 
noted that benzodiazepine use was associated with 
longer hospital LOS of 6.34 ± 8.29, marijuana use was 
associated with the youngest average age (32.6 years), 
and all nonbenzodiazepine drugs were associated with 
approximately 1.5–2.0 times EtOH serum levels of the 
corresponding comparator groups [Table 2]. Finally, 
the finding of greater mortality for the non‑SOA group, 
although not statistically significant, may be associated 
with demographic (age and sex) differences between SOA 
and non‑SOA comparison samples.

DISCUSSION

When comparing patients with initial BAC levels ≥0.10% 
to those with BAC levels <0.10%, we found important 
patterns regarding the co‑ingestion of SOA and EtOH in 
our trauma population. Alcohol levels were higher across 
all group comparisons involving the co‑presence of other 
SOAs [Table 2]. Cocaine, marijuana, and opioid use was 

included mean age of 38.7 ± 19.0 years, 71% male sex, 
median GCS of 15 (interquartile range [IQR]: 14–15), 
median ISS of 9 (IQR: 5–17), 94.6% blunt mechanism, 
and mortality of 4.25%. Specific mechanisms of injury 
included motor-vehicle crash (47.4%), fall (25.2%), 
pedestrian struck (2.8%), motorcycle crash (7.6%), 
gunshot wound (2.1%), stabbing (3.3%), and "other" 
modalities (11.6%). Average study patient spent 125 min 
in the emergency department during the trauma 
evaluation, and the average hospital length of stay (LOS) 
was 5.7 days. For the overall study sample, the median 
BAC was 0.10% (IQR: 0–0.13).

Among the 2099 patients who underwent screening 
for SOA, 14.3% tested positive for opioids, 13.5% for 
benzodiazepines, 9.67% for marijuana, and 4.5% tested 
positive for cocaine; the remainder of the group did not 
have any of the above SOA detected. Of the 2352 patients 
who had BAC levels drawn, 553 patients (23.5% of the 
group) had a serum BAC ≥ 0.10%. Detailed description 
of the above data is provided in Figure 1.

A total of 1550 patients had both SOA and BAC testing 
performed. This group was the primary study group 
for subsequent analyses. Of note, we did not detect 
significant differences between sample characteristics 
or outcomes between patients with elevated (≥0.10%) 
and those with nonelevated (<0.10%) BAC (results not 
shown). The overall study sample median BAC was 
0.10% (IQR: 0–0.13). When stratified further, 1265 (81.6%) 
patients had a BAC <0.10% and 285 (18.4%) patients had 
a BAC ≥0.10%. These were our primary comparison 
subgroups in subsequent analyses regarding PSA.

Among patients presenting with BAC  <0.10%, 
70.2% (888/1265) were determined to have no other 
substances present, based on SOA screening [Table 1]. 
When looking at the remaining patients with 
BAC <0.10%, we noted that 16.8% tested positive 
for the presence of 1–2 SOAs, with 13.0% patients 
having >2 SOAs detected [Table 1]. Of the BAC <0.10% 
cohort with a positive SOA panel, 15.2% were positive for 

Figure 1: Descriptive characteristic drug (n = 2099) and alcohol (n = 2352) testing 
within the study sample, including the overlap between the two groups (n = 1550)



Jordan, et al.: Alcohol and polysubstance use in trauma

204204 International Journal of Critical Illness and Injury Science | Volume 8 | Issue 4 | October-December 2018

significantly more likely among patients presenting with 
acute EtOH intoxication. However, this was not the case 
for concurrent benzodiazepine use [Table 1]. We found 
that opioids were the most commonly encountered 
illicit drug type in the setting of concurrent EtOH 
use and trauma, consistent with other published 
data.[36] This manuscript’s findings differ from previously 
published data by Stoduto et al.,[37] who demonstrated 
that co‑ingestions with illicit drugs were associated with 
24% lower mean BAC concentrations. In combination 
with EtOH abuse, various mind‑altering prescription 
and nonprescription SOAs predispose patients to a 
significant risk of injury and mortality – a phenomenon 
that seems to be escalating.[36,38‑40] Because PSA puts the 
patient at risk for traumatic injury, standardized public 
health measures to identify intoxicated patients early in 
their trauma care should facilitate referral to alcohol and 
drug rehabilitation resources.[41‑45]

In the early 1990s, a Canadian regional trauma unit 
reported that nearly 17% of patients with acute 
EtOH intoxication had other SOAs present in their 
bloodstream.[37] Within that subgroup, 5.3% were 
found to use cocaine, 12.4% used benzodiazepines, 
and 13.9% had detectable presence of cannabinoids.[37] 
These percentages are very similar to those reported 
in the current study, providing external validation of 
our results and highlighting that despite decades‑long 
efforts, the “drug epidemic” persists. The magnitude 

of recent escalation of PSA in the trauma population 
is demonstrated by Soderstrom et al., who noted that 
among patients admitted to a regional Level I Trauma 
Center over a period of 16 years, documented cocaine 
use increased by 212% while opiate use increased by 
543%.[31] In addition to corroborating the high incidence 
of SOA use in the current study, these statistics also 
demonstrate the problem’s escalating nature. Of note, 
cocaine‑ and opiate‑positive results were much higher 
in the setting of violent trauma when compared to 
nonviolent incidents.[31]

Not surprisingly, the average patient in our study 
was a male, approximately 30–40  years old, and 
involved in blunt trauma. We also noted that cocaine, 
marijuana, and opioid users were significantly younger 
(difference of 2.7–8.1 years) than patients in comparator 
groups [Table 2]. In terms of the above patient sample 
characteristics, our data are relatively similar to those 
reported previously,[37] with the exception of lower ISS in 
the current study. The importance of these demographic 
findings cannot be overstated, with major societal 
implications of the loss of contribution from young 
individuals in the midst of their most productive years.[46]

In terms of clinical outcomes, our data show mixed 
results. For example, we did not demonstrate any 
significant differences in hospital LOS when comparing 
patient groups with co‑presence of EtOH and various 
SOA subsets. Except for slightly longer intensive care unit 
stays for the benzodiazepine and opioid cohorts, we did 
not note any additional significant differences across the 
remaining SOA groups [Table 2]. Others reported similar 
findings, with heterogeneous and somewhat scattered 
results pertaining to LOS.[37] In the current study, the only 
significant difference in mortality was noted between 
patients using marijuana versus those who did not (1.2% 
vs. 4.0% mortality). In this context, this represents a small 
degree of similarity to Stoduto et al.,[37] who also showed 
that patients with co‑presence of EtOH and another SOA 
had lower mortality when compared to those using EtOH 
only. The clinical relevance of the above relationship 
is not clear, especially when considering demographic 
heterogeneity and the co‑presence of different SOAs 
across specific study groups.

Table 1: Results of primary sample stratification into more 
granular subgroups, based on BAC <0.10 versus BAC ≥0.10

BAC (%) Significance

<0.10 ≥0.10

Number of substances*
0† 888/1265 (70.2) 144/285 (50.5) P<0.001
1‑2† 213/1265 (16.8) 107/285 (37.5)
>2 164/1265 (13.0) 34/285 (11.9)

Category
Benzodiazepine 192/1265 (15.2) 41/285 (14.4) P=0.805
Cocaine 48/1265 (3.8) 19/285 (6.7) P=0.014
Marijuana 121/1265 (9.6) 47/285 (16.5) P<0.001
Opioids 168/1265 (13.3) 72/285 (25.3) P<0.001

Note: Primary differentiation was made between patients with BAC <0.10% 
and BAC ≥0.10%. Further stratifications were made according to the number 
of non‑EtOH substances present on screening, as well as the type of substance 
present. *Non‑EtOH additional substance, †Statistically significant differences 
within subgroups. BAC: Blood alcohol concentration, EtOH: Alcohol

Table 2: Results of group comparisons according to the presence or absence of each nonalcohol substance of abuse 
examined in the current study
Category HLOS ILOS ICU (%) Mort (%) Male (%) EtOH ISS GCS Age

Benzodiazepine (n=233) 6.34±8.29 2.35±4.31† 62.5 1.7 67 39.8±85.6† 13.3±12.9† 10.9±5.10† 36.5
No benzodiazepine 5.32±8.01 1.68±4.20† 37.7 4.1 72 38.7±78.8† 11.8±11.2† 13.1±3.93† 40.7

Cocaine (n=67) 4.82±6.62 1.49±3.03 47.9 3.0 75 60.1±96.8† 10.5±10.3 12.7±4.34 35.9†

No cocaine 5.42±7.94 1.79±4.28 41.3 4.3 72 38.6±79.9† 12.1±11.7 12.8±4.20 40.5†

Marijuana (n=168) 4.40±6.81 1.50±4.06 41.4 1.2† 82† 64.1±98.5† 10.7±10.4 12.7±4.22 32.6†

No marijuana 5.54±8.11 1.80±4.25 41.2 4.0† 71† 37.5±78.7† 12.1±11.7 12.8±4.16 40.7†

Opioids (n=240) 5.71±6.89 1.89±3.74 45.8 2.9 72 67.0±101† 12.6±11.3 12.9±3.99 37.8†

No opioids 5.40±8.18 1.76±4.30 40.7 4.1 72 34.7±75.0† 11.9±11.4 12.7±4.24 40.5†

†Statistically significant. EtOH: Alcohol, GCS: Glasgow Coma Scale, HLOS: Hospital length of stay, ICU: Intensive care unit, ILOS: ICU length of stay, ISS: Injury 
severity score, Mort: Mortality
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There is little doubt that EtOH and SOA screening in 
the setting of trauma is both worthwhile and “the right 
thing to do.”[37] However, due to associated costs, such 
screening programs must be implemented strategically, 
focusing on the application of evidence‑based guidelines 
for optimal process efficiency. Furthermore, any 
screening procedures should be carefully integrated 
into the hospital’s trauma diagnostic routine to avoid 
the potential for “singling out” or labeling individual 
patients. In addition to effectively identifying trauma 
patients who engage in PSA, it is critical for institutions 
to implement effective counseling and treatment 
programs.[47‑49] It has been noted that posttrauma 
admission or observation period provides an excellent 
opportunity for brief intervention for at‑risk and 
dependent drug and alcohol users, focusing on offering 
assistance for those interested in seeking help.[48,49] In 
such paradigm, the initial BAC/SOA testing could be 
incorporated within the Screening, Brief Intervention 
and Referral to Treatment model to help identify, 
reduce, and prevent problematic use, abuse, and 
dependence on EtOH and illicit drugs.[49]

The current study has important limitations. Due to 
its retrospective design, certain degree of unavoidable 
selection and temporal bias is present. In addition, our 
study group originated from a single institution, was a 
convenience sample, and its size was relatively small, 
although comparable to other similar endeavors.[37]

With the context of the above considerations, it is 
important to note that potential inconsistencies 
(e.g., provider‑specific screening patterns) may have 
existed in our approach to patients suspected of acute 
EtOH intoxication or PSA. Moreover, there is no reliable 
way to determine whether any of the laboratory results 
for SOA testing may have been due to pharmacologic 
interventions in the prehospital setting or even in the 
trauma bay. Thus, some degree of inaccuracy regarding 
identifying the presence or absence of SOA may be 
present. For example, urine toxicology screens may 
not account for all illicit substances, and many popular 
designer drugs and synthetic drugs (e.g., fentanyl or K2) 
may not be reliably detected on such testing. Furthermore, 
lack of uniform timing of SOA testing, combined with 
varied half‑life for different substances, may have resulted 
in additional diagnostic inaccuracies. This includes the 
inability to differentiate “immediate” versus “recent” 
drug use in some cases, making it difficult to accurately 
interpret opioid or benzodiazepine administration during 
routine trauma care in the context of SOA. As outlined 
earlier, SOA screening at our institution is typically done 
when the trauma provider suspects substance abuse or if 
the patient appears to be intoxicated. This approach, in 
turn, introduces selection bias. Finally, one must consider 
legality of certain drugs (e.g., marijuana in some states) 
in the context of public health impact and substance 

abuse epidemiology.[50] For example, simultaneous use 
of EtOH and marijuana may be much more widespread 
in Colorado (where marijuana is legal) compared to 
Pennsylvania (where it is currently not legal).

CONCLUSIONS

The current study determined that patients with 
BAC  ≥0.10% on initial trauma evaluation were 
significantly more likely to have an additional SOA 
present on screening tests. Given the deleterious effects 
of SOA and alcohol, both at the individual and societal 
levels, it is imperative that dedicated efforts are made 
to better screen and identify trauma patients who are 
trapped in the self‑destructive pattern of PSA. Once 
at‑risk patients are identified, hospitals can institute and 
tailor more effective drug intervention strategies toward 
substance abuse remission programs.
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