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A B S T R A C T   

Background: Being under the influence of psychoactive substances increases the risk of involvement in and dying 
from a traumatic event. The study is a prospective population-based observational study that aims to determine 
the prevalence of use and likely impairment from psychoactive substances among patients with suspected severe 
traumatic injury. 
Method: This study was conducted at 35 of 38 Norwegian trauma hospitals from 1 March 2019 to 29 February 
2020. All trauma admissions for patients aged ≥ 16 years admitted via trauma team activation during the study 
period were eligible for inclusion. Blood samples collected on admission were analysed for alcohol, benzodi
azepines, benzodiazepine-like hypnotics (Z-drugs), opioids, stimulants, and cannabis (tetrahydrocannabinol). 
Results: Of the 4878 trauma admissions included, psychoactive substances were detected in 1714 (35 %) and in 
771 (45 %) of these, a combination of two or more psychoactive substances was detected. Regarding the level of 
impairment, 1373 (28 %) admissions revealed a concentration of one or more psychoactive substances indicating 
likely impairment, and 1052 (22 %) highly impairment. Alcohol was found in 1009 (21 %) admissions, benzodi
azepines and Z-drugs in 613 (13 %), opioids in 467 (10 %), cannabis in 352 (7 %), and stimulants in 371 (8 %). 
Men aged 27–43 years and patients with violence-related trauma had the highest prevalence of psychoactive 
substance use with respectively 424 (50 %) and 275 (80 %) testing positive for one or more compounds. 
Conclusion: The results revealed psychoactive substances in 35 % of trauma admissions, 80 % of which were 
likely impaired at the time of traumatic injury. A combination of several psychoactive substances was common, 
and younger males and patients with violence-related injuries were most often impaired. Injury prevention 
strategies should focus on high-risk groups and involve the prescription of controlled substances. We should 
consider toxicological screening in trauma admissions and incorporation of toxicological data into trauma 
registries.   

Introduction 

Traumatic injuries are among the leading causes of death and years 
lived with disability worldwide. Annually, 4.4 million people die 
because of injuries, constituting nearly 8 % of all deaths [1]. For each 
trauma death, an estimated 30 people are admitted to a hospital for 
medical treatment, and many suffer long-term reduction in physical and 

psychological health [2]. Deaths and disabilities caused by injuries have 
a major global impact on public health. Primary injury prevention, 
which reduces the incidence of traumatic injuries, relies on a detailed 
knowledge of risk factors. 

Influence of psychoactive substances increases the risk of being 
involved in and dying from a traumatic event [3–9]. Despite this, 
screening for blood alcohol concentration is not routinely performed 
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during trauma admissions, and additional testing for other intoxicating 
substances is rare in clinical settings. This is also reflected on an 
aggregated level where data on psychoactive substances are either ab
sent or infrequently captured in the large national trauma registries 
[10–18]. Many previous studies assessing substance use among patients 
with traumatic injuries have focused solely on transport-related injuries 
[3,5,6,19–21] while others have only included alcohol intoxication in 
the analyses [5,21–24]. Various psychoactive substances may have 
significant yet diverse effects on patient physiology. Intoxication may 
confound patient assessment and management and is associated with 
higher complication rates and worse short- and long-term outcomes 
[25–27]. Addressing the clinical manifestations of intoxication may 
reduce these adverse effects. 

A comprehensive description of the toxicological profile of trauma 
patient population is a prerequisite to understand the relationship be
tween intoxication and injury. To our knowledge, no previous nation
wide population-based study has described results from detailed 
toxicological analyses of blood samples obtained at trauma admission. 
The study aims to determine the prevalence of psychoactive substance 
use and estimate the level of impairment among acutely admitted 
trauma patients. 

Methods 

The study is a prospective population-based observational study that 
includes toxicological analysis of patients admitted for acute trauma. 

Setting 

Norway has a publicly funded healthcare system with 38 hospitals 

managing trauma patients. All trauma hospitals have multidisciplinary 
trauma teams to assess and manage patients with suspected severe in
juries. The teams are activated by predefined criteria based on the 
principles described in the Centers for Disease Control and Preventiońs 
guidelines for field triage of the injured patient [28]. All Norwegian 
trauma hospitals were invited to participate in a 12-month data collec
tion period, from 1 March 2019 to 29 February 2020. 

Participants 

The study included all trauma patients aged 16 years or older for 
whom trauma teams were activated upon admission at any Norwegian 
trauma hospital. Foreign citizens (patients without a Norwegian na
tional identity number) and those who could not be contacted after 
discharge from the hospital due to missing contact information were 
excluded. Furthermore, the study included only the initial hospital ad
missions for patients transferred between hospitals, and patients 
admitted multiple times for separate trauma incidences were enrolled 
separately. 

Patient and public involvement 

Representatives from the Norwegian Association of Disabled, one 
former patient, and a member of the National Association for the trau
matically injured were actively involved in the planning and imple
mentation of the study. 

Data sources 

The biological and clinical data were collected consecutively during 

Table 1 
Psychoactive substances included in the toxicological analysis in whole blood with three cut-off limits.   

Analytical cut-off limits 
ng/mL 

Cut-off limits indicating likely impaired 
ng/mL 

Cut-off limits indicating highly impaired 
ng/mL 

Alcohol (ethanol) 0.01 % 0.05 % 0.12 % 
Cannabis (tetrahydrocannabinol) 0.6 3.1 9.4 
Stimulants    

Amphetamine 4.1 202.8 486.8 
Methamphetamine 4.5 223.9 537.3 
Cocaine 3.0 NA NA 
Benzoylecgoninea 2.9 NA NA 
MDMA (ecstasy)b 5.8 NA NA 

Opioids    
Buprenorphine 0.3 0.7 1.7 
Codeine 3.0 NA NA 
Fentanylc 0.7 3.4 NA 
6-MAMd 9.8 NA NA 
Methadone 9.3 61.9 148.5 
Morphine 2.9 22.8 57.1 
Oxycodone 3.2 37.8 94.6 
Tramadolc 7.9 790.1 NA 

Benzodiazepines and Z-drugs    
Alprazolam 3.1 6.2 15.4 
Clonazepam 1.3 3.2 7.9 
Diazepam 5.7 142.4 341.7 
Diclazepam 1.6 NA NA 
Flunitrazepam 1.6 3.1 7.8 
Nitrazepam 2.8 42.2 98.4 
Oxazepam 14.3 430.1 860.1 
Zolpidem 21.5 76.8 184.4 
Zopiclone 7.8 23.3 58.3 

Analytical cut-off concentrations represent validated limits of quantification. Cut-off limits indicating likely or highly impaired are based on graded sanction limits in 
the Norwegian Road Traffic Act and correspond to a blood alcohol concentration of 0.05 % and 0.12 %, respectively [34]. NA=not applicable. 

a Metabolite of cocaine. 
b MDMA=3,4-Methylenedioxymethamphetamine. 
c For fentanyl and tramadol the cut-off limits indicating likely impairment were equal to the upper reference limits in therapeutic drug monitoring [35]. 
d Heroin rapidly metabolises to 6-monoacetylmorpine (6-MAM), a unique metabolite of heroin, which rapidly metabolises to morphine. Therefore, heroin and 6- 

MAM may not be detectable in a blood sample taken some time after heroin exposure. 
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the study period. Local trauma registrars registered the clinical data via 
an encrypted online web form and biological data were obtained from 
blood samples collected on admission as part of a routine acute primary 
survey by the trauma team. For the purpose of data collection for the 
study, samples of residual blood from the primary survey were de- 
identified and sent by postal mail to the Section of Drug Abuse 
Research, Oslo University Hospital (Oslo, Norway). Analyses for alcohol 
were performed with an automated enzymatic method [29], other 
compounds were analysed with ultra high-performance liquid chroma
tography coupled with tandem mass spectrometry (UHPLC-MS/MS) 
[30]. 

Variables 

Table 1 presents the toxicological analyses including 24 psychoactive 
substances with cut-off levels. 

We used three levels of analytical concentrations: the analytical cut- 
off concentrations, which represent the validated limits of quantification 
and indicate drug use within a few hours or days before sample collec
tion [31]. The cut-off limits indicating likely impaired were equal to the 
graded sanction limits in the Norwegian Road Traffic Act, corresponding 
to a blood alcohol concentration (BAC) of 0.05 %, whereas the cut-off 
limits indicating highly impaired were equal to the graded sanction 
limits corresponding to a BAC of 0.12 % [32–34]. These limits were 
based on experimental studies of cognitive and psychomotor tests [32]. 
For amphetamine and methamphetamine, the blood concentrations are 
summarised for the cut-off limits indicating likely and highly impaired 
as described in the Norwegian Road Traffic Act [33]. The cut-off limits 
indicating likely impairment for fentanyl or tramadol were equal to the 
upper reference limits in therapeutic drug monitoring [35]. To deter
mine whether morphine and codeine detected in blood samples are the 
result of morphine, heroin, or codeine intake, morphine/codeine ratios 
were used as described by Konstantinova et al. [36]. 

The simultaneous use of multiple drugs with similar structures and 
mechanisms may result in additive effects [36,37]. Benzodiazepine 
concentrations were converted to diazepam-equivalent concentrations 
and opioid concentrations to morphine-equivalent concentrations using 
conversion factors for blood concentrations, according to the Norwegian 
Road Traffic Act [34]. Equivalent doses have been established for these 
two drug classes and are widely acknowledged [37,38]. Morphine and 
diazepam equivalents were calculated according to conversion factors 
(Table S1, supplementary material). Zolpidem and zopiclone (Z-drugs) 
were included in the benzodiazepine group. 

Healthcare workers may administer diazepam, fentanyl, morphine, 
or oxycodone as part of trauma patient care. If the administration of one 
of these drugs was reported in the medical records prior to the blood 
sample collection, the blood concentration of this specific substance was 
set to zero. If no other substances were detected in the same blood 
sample, the concentration for these four substances was also set to zero. 
The rationale behind this was if only these substances were found in the 
blood sample, they were most likely administered by healthcare workers 
after the traumatic injury occurred, and missing in the medical record or 
not recorded by the local admission officer. 

We categorised the substances into three groups: alcohol, medicinal 
drugs, and illegal drugs, to examine the use of different groups of psy
choactive substances. Medicinal drugs include opioids, except heroin 
and 6-MAM, and benzodiazepines, except diclazepam, which is not 
prescribed in Norway. Illegal drugs include cannabis (tetrahydrocan
nabinol; THC), stimulants (cocaine and its inactive metabolite, 
amphetamine, methamphetamine, and 4-methylenedioxymethamphet
amine [MDMA]), and heroin as well as its psychoactive metabolites 6- 
MAM and diclazepam. 

Statistical analysis 

Descriptive data were presented as whole numbers and percentages, 

and medians with interquartile ranges (IQR) were used as appropriate. 
Age was categorised into quartiles for descriptive purposes and regres
sion analyses. The association between the prevalence of psychoactive 
substances and age, sex, and mechanism of injury was assessed using 
univariate and multivariate logistic regression. To ensure analyses on 
unique persons, the first admission was used for patients with more than 
one admission during the study period. The model outcome was a 
compound variable defined as the presence of any psychoactive sub
stance at the level of likely impairment, and all assessed predictors were 
present in the final model. Two-tailed tests were used, and statistical 
significance was assumed for P-values <0.05. SPSS version 28 (IBM, 
Armonk, NY, USA) was used for the analysis. 

Ethical considerations 

The Regional Committee for Medical and Health Research Ethics 
(Ref. no.: 2017/1363) approved the study and waived the need for 
informed consent. However, all participants were informed after inclu
sion with the option to withdraw from the study. Patients who could not 
be reached by postal mail after discharge from the hospital for reasons 
such as no available postal address, no postal address of the next of kin in 
case of death, or they being foreign residents, were excluded. Oslo 
University Hospital (OUH) was the main study sponsor and data 
controller. The study complies with the 2018 General Data Protection 
Regulation regulations, and a Data Protection Impact Assessment was 
conducted in cooperation with the OUH Data Protection Officials. The 
study was registered in Clinical Trials prior to data collection 
(NCT03773614). The study conforms to the STROBE reporting guide
lines, and a STROBE checklist was used to ensure appropriate reporting 
quality [39]. 

Results 

During the 12-month study period, 4878 trauma admissions of 4845 
patients from 35 of 38 Norwegian trauma hospitals were included 
(Fig. 1). During the study period, 31 admitted patients had records of 
more than one admission. 

The median age was 43 years, and 68 % of the patients were male 
(Table 2). In one-quarter of the admissions, the patients were <27 years 
of age, and among these, 60 % were involved in transport-related 
traumas. Fall traumas were more common in higher age group pa
tients, while the median age was lowest, and the proportion of males was 
highest in violence-related traumas. 

One or more psychoactive substances were detected in 35 % of all 
trauma patients (Table 3). Alcohol was the most commonly detected 
substance with a median concentration of 0.17 %. Diazepam and clo
nazepam were the most commonly detected benzodiazepines, whereas 
morphine, codeine, and tramadol were the most commonly detected 
opioids. Cannabis and stimulants were found in 352 (7 %) and 371 (8 %) 
patients, respectively. Cannabis was the only psychoactive substance 
detected in 72 patients. Among the 31 patients admitted more than once 
during the study period, 22 (67 %) had detectable levels of psychoactive 
substances. Benzodiazepines were the most commonly detected sub
stance (42 %), followed by alcohol (33 %), opioids (24 %), cannabis (15 
%), and stimulants (15 %). 

Assessing the level of impairment, 28 % of the admissions had a 
concentration of one or more psychoactive substances, indicating likely 
impaired, and 22 % were highly impaired (Table 4). Among patients with 
detectable blood alcohol concentrations, 92 % were likely impaired and 
72 % highly impaired. Among patients involved in traumas related to 
transport, 23 % tested positive for psychoactive substances, of which 58 
% had blood concentrations corresponding to highly impaired. The most 
prevalent substances detected in traumas related to transport were 
alcohol and benzodiazepines. Psychoactive substances were detected in 
44 % of the patients injured in falls, of which 62 % had blood concen
trations indicating highly impaired. Patients with violence-related trauma 
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had the highest prevalence of psychoactive substances, with blood 
concentrations indicating highly impaired in 57 % of the cases. 

A higher proportion of men tested positive for psychoactive sub
stances (38 %) than did women (29 %). Stimulant and cannabis users 
had the most marked gender differences, with 86 % of stimulant users 
and 83 % of cannabis users being male. Among the patients with positive 
findings for alcohol consumption, 78 % were men. Men dominated 
substance use for all age groups and groups of psychoactive substances, 
except for benzodiazepines and opioids in the age group above 43 years 
(Table 5). In these groups, the general sex-related difference was either 
nulled or reversed. The highest prevalence of psychoactive substance 
use was noted in men aged 27–43 years, with 50 % testing positive for 
one or more compounds; among them, 68 % were highly impaired. 
Women above 61 years of age comprised the only group in which opioid 
and benzodiazepine use were more common than alcohol. Regardless of 
sex, age > 61 years was associated with the lowest prevalence of alcohol, 
stimulant, and cannabis use. 

To assess the likelihood of alcohol or drug-related impairment at 
trauma admission, a regression analysis was performed using sex, age, 
and injury mechanism as predictors, and blood concentrations corre
sponding to likely impaired from any group of psychoactive substances as 

outcome variables (Table 6). Being male, aged between 27 and 43 years, 
and having injuries from falls and violence (in comparison to transport) 
were all factors that independently predicted impairment from psy
choactive substance use. Injury from violence was the strongest pre
dictor of the influence of intoxicating substances on a patient. 

To determine the extent to which the patients used more than one 
group of psychoactive substances, we categorised the substances into 
alcohol, medicinal, and illegal compounds. Among the 1714 admissions 
with positive blood samples, 613 (36 %) used a combination of alcohol, 
medicinal drugs, or illegal drugs Fig. 2. The most common combinations 
were benzodiazepines with illegal drugs (291 admissions), and benzo
diazepines with alcohol (217). admissions). In addition, psychoactive 
substances were combined within the groups of medicinal and illegal 
drugs, and when these were added, psychoactive substance use was 
observed in 771 (45 %) admissions. 

Discussion 

Psychoactive substances were found in 35 % of all trauma admis
sions; blood concentrations in 80 % of these indicated that the patients 
were likely or highly impaired at the time of injury. Two or more 

Fig. 1. Flowchart illustrating the total number of registered admissions, exclusion (and reasons for exclusion) and total number of included trauma admissions 
and patients. 

Table 2 
Descriptive characteristic of trauma admissions with median age (IQR) and sex (%) categorized by mechanism of injury.   

Transport Fall Violence Other Total 
n (%) 2320 (48) 1489 (30) 344 (7) 725 (15) 4878 (100) 

Median age (IQR) 38 (23–56) 57 (35–72) 33 (25–43) 41 (27–56) 43 (26–61) 
Sex n (%)      

Female 775 (33) 511 (34) 60 (17) 205 (28) 1551 (32) 
Median age (IQR) 38 (23–57) 58 (34–77) 35 (27–45) 32 (22–49) 43 (25–64) 
Male 1545 (67) 978 (66) 284 (83) 520 (72) 3327 (68) 
Median age (IQR) 37 (23–56) 57 (36–70) 33 (24–43) 44 (30–58) 43 (27–60) 

IQR=interquartile range. 
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psychoactive substances were present in 45 % of the positive cases. 
The prevalence of psychoactive substances was markedly higher in 

injury related to violence. This is reported in previous prevalence studies 
[7,24,40] and is also in line with a recent case-control study where 
substance abuse disorder was the strongest risk factor for a 
violence-related injury [41]. Prevalence was also higher in fall injuries, 
which corresponds well with our knowledge of the effects of alcohol and 
several psychoactive drugs on physiological and psychological param
eters such as balance and attention. This group was also characterised by 
older age, a known risk factor for falls [42]. 

Alcohol- or drug-related impairment was relatively less common in 
transport related injuries. In a previous case-control study of killed car 
and van drivers in Norway, Gjerde and colleagues reported that the 
prevalence of alcohol use was approximately one in four drivers [43]. In 
our results the prevalence of alcohol among all transport related injury 
was half of this, approximately one in eight. However, the prevalence of 
any psychoactive substance detected in roadside surveys in the unin
jured controls in the study by Gjerde was 2,24 %, i.e. one tenth of the 
prevalence in our results. This supports a substantial etiological role for 
impairment caused by psychoactive substances also among the transport 
related injuries in our results. 

Younger males presented with the highest levels of alcohol intoxi
cation in our study and are more susceptible to mortality and morbidity 
from traumatic injuries. Our findings support the claim that alcohol use 
is a major contributor to injury proneness [7,20–22,44,45]. However, 
studies based on the assessment of only transport-related injuries may 
underestimate the prevalence of alcohol use in the general trauma 
population. 

Benzodiazepines and Z-drugs have well-documented concentration- 
related impairing effects on psychomotor performance and were the 
most commonly detected prescribed psychoactive drug groups in our 
study [46–48]. These results correspond to those of previous studies 
involving trauma patients [19,20,40]. Clonazepam use was surprisingly 
prevalent in our study, and similar to alprazolam use, it was associated 
with a high proportion of likely impaired patients. According to the 
Norwegian Prescription Database, both clonazepam and alprazolam are 
infrequently prescribed but easily available on the illicit drug market; 
our findings are therefore likely explained by mostly recreational use 

Table 3 
The prevalence n (%) of psychoactive substances with analytical cut-off limits, 
median concentrations and percentage of positive cases with blood concentra
tions indicating likely impaired among 4878 trauma admissions.   

Prevalence Median 
concentration 

Likely 
impaired  

n (%) ng/mL (IQR) % 

Any substance 1714 (35)  80 
Alcohol (ethanol) 1009 (21) 0.17 % (1.1–2.1) 92 
Benzodiazepines & Z- 

drugs 
613 (13)  65 

Diazepam 283 (6) 83.1 (31.1–207.5) 35 
Clonazepam 214 (4) 24.5 (9.5–65.7) 91 
Oxazepam 164 (3) 60.6 (24.0–162.2) 12 
Zopiclone 102 (2) 19.4 (11.5–34.8) 42 
Alprazolam 76 (2) 24.8 (10.1–47.7) 88 
Zolpidem 42 (1) 131.5 (68.0–281.1) 71 
Nitrazepam 42 (1) 28.1 (10.7–57.3) 36 
Diclazepam 12 (0) 7.6 (2.8–25.4) NA 
Flunitrazepam 3 (0) 8.0 (1.7–8.0) 67 

Opioids 467 (10)  46 
Morphine 124 (3) 18.3 (8.7–40.7) 43 
Codeine 116 (2) 29.0 (11.9–54.3) 2 
Tramadol 116 (2) 122.3 (63.3–273.5) 6 
Fentanyl 76 (2) 1.4 (1.0–2.9) 24 
Methadone 51 (1) 168.1 (107.9–295.8) 80 
Buprenorphine 49 (1) 1.0 (0.6–2.4) 71 
Oxycodone 39 (1) 20.9 (9.5–46.2) 31 
Heroin 21 (0)  NA 
6-MAM 0 (0)   

Stimulants 371 (8)  29 
Amphetamines    
Amphetamine 255 (5) 112.4 (32.7–340.4) 39 
Methamphetamine 69 (1) 35.2 (8.4–112.4) 17 
Cocaine    
Benzoylecgonine 137 (3) 68.9 (16.6–213.1) NA 
Cocaine 3 (0) 3.9 (3.9–3.9) NA 
MDMA (ecstasy) 27 (1) 90.3 (38.7–287.3) NA 

Cannabis (THC) 352 (7) 2.9 (1.6–6.3) 49 

Heroin=morphine/codeine ratio > 1 (with both morphine and codeine con
centrations above analytical cut-off limits) as an indication of heroin intake. 
MDMA=3,4-Methylenedioxymethamphetamine; NA=not applicable. 

Table 4 
The prevalence of psychoactive substances for analytical cut-off limit, likely impaired, and highly impaired according to injury mechanism.   

Transport Fall Violence Other Total 
n 2320 1489 344 725 4878 

Substance n (%)      
Any substance      

Analytical cut-off limit 528 (23) 660 (44) 275 (80) 251 (34) 1714 (35) 
Likely impaired 397 (17) 530 (36) 250 (73) 196 (27) 1373 (28) 
Highly impaired 309 (13) 405 (27) 195 (57) 143 (20) 1052 (22) 

Alcohol (ethanol)      
Analytical cut-off limit 287 (12) 414 (28) 179 (52) 129 (18) 1009 (21) 
Likely impaired 257 (11) 386 (26) 166 (48) 118 (16) 927 (19) 
Highly impaired 198 (9) 320 (22) 128 (37) 84 (12) 730 (15) 

Benzodiazepines and Z-drugs      
Analytical cut-off limit 169 (7) 223 (15) 110 (32) 111 (15) 613 (13) 
Likely impaired 121 (5) 119 (8) 83 (24) 75 (10) 398 (8) 
Highly impaired 91 (4) 69 (5) 59 (17) 55 (8) 274 (6) 

Opioids      
Analytical cut-off limit 127 (6) 195 (13) 66 (19) 79 (11) 467 (10) 
Likely impaired 48 (2) 91 (6) 43 (13) 31 (4) 213 (4) 
Highly impaired 21 (1) 40 (3) 23 (7) 16 (2) 100 (2) 

Stimulants      
Analytical cut-off limit 126 (5) 80 (5) 103 (30) 62 (9) 371 (8) 
Likely impaired 42 (2) 24 (2) 27 (8) 16 (2) 109 (2) 
Highly impaired 21 (1) 12 (1) 14 (4) 9 (1) 56 (1) 

Cannabis (THC)      
Analytical cut-off limit 124 (5) 68 (5) 111 (32) 49 (7) 352 (7) 
Likely impaired 58 (3) 29 (2) 62 (18) 22 (3) 171 (4) 
Highly impaired 21 (1) 8 (1) 17 (5) 6 (1) 52 (1)  
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[49,50]. Clonazepam and alprazolam have higher potency than other 
benzodiazepines [51,52], and the problem of their illegal use has been 
discussed in previous reports [50,53,54]. Blood samples that were pos
itive for zolpidem, zopiclone, and diazepam also revealed high con
centrations. In contrast to clonazepam and alprazolam, these 
medications are more frequently prescribed. Compared with the general 
population, the prevalence of psychoactive drug prescriptions is high 
among individuals involved in traumatic events [55]. In most cases, 
benzodiazepines were found in combination with alcohol or other psy
choactive drugs. The additive, and possible synergistic, impairing effect 
of benzodiazepines in drug-alcohol and drug-drug combinations war
rants further exploration in terms of injury prevention. We should 
convey their patterns of use and their association with injury proneness 
to all prescribers of benzodiazepines and Z-drugs. 

Overconsumption of opioids [56], particularly oxycodone and fen
tanyl, and a rapid increase in overdose-related deaths have been 
described as opioid epidemics in the United States [57]. In Europe, there 
is wide heterogeneity among countries in opioid prescriptions and the 
frequency of deaths related to opioids [58]. However, opioids contribute 

to approximately three of four fatal overdoses in the EU [59]. Recent 
reports have stated that Norway has a higher frequency of opioid pre
scriptions than other Scandinavian countries, and users of prescription 
opioids now outnumber recreational heroin users among fatal overdoses 
related to opioids [60,61]. Although oxycodone is frequently found in 
fatal overdoses, its use was less prevalent in our study. We found that 
codeine and tramadol were more commonly detected, reflecting pre
scription trends, as they are also the most frequently prescribed opioids 
in Norway. However, in recent years, there has been a shift in opioid 
prescriptions with an increasing proportion of oxycodone prescription 
[62]. Whether this will be reflected in future toxicological profiles 
among patients with trauma remains to be determined. Opioid users 
have increased morbidity and mortality compared with non-opioid 
users, and traumatic injuries contribute to this. Trends in opioid pre
scriptions and recreational use and the toxicological trends among 
trauma patients need to be monitored to improve the safety of this 
high-risk group. 

The relationship between cannabis use and injury proneness is 
debated. Similar to previous studies of injured patients, cannabis was the 

Table 5 
The prevalence of psychoactive substances for analytical cut-off limit, likely impaired, and highly impaired according to sex and different age groups.  

Sex Female Male Female Male Female Male Female Male 

Age < 27 < 27 27–43 27–43 44–61 44–61 > 61 > 61 
n 437 827 359 854 338 871 417 784 

Substance n (%)         
Any substance         

Analytical cut-off limit 97 (22) 301 (36) 117 (33) 424 (50) 108 (32) 303 (35) 123 (30) 241 (31) 
Likely impaired 77 (18) 255 (31) 85 (24) 361 (43) 86 (25) 259 (30) 75 (18) 175 (22) 
Highly impaired 50 (11) 188 (23) 62 (17) 288 (34) 79 (23) 216 (25) 39 (9) 130 (17) 

Alcohol (ethanol)         
Analytical cut-off limit 70 (16) 207 (25) 51 (14) 240 (28) 65 (19) 193 (22) 41 (10) 142 (18) 
Likely impaired 59 (14) 190 (23) 47 (13) 225 (27) 62 (18) 184 (21) 34 (8) 126 (16) 
Highly impaired 36 (8) 143 (17) 37 (10) 174 (21) 56 (17) 151 (17) 25 (6) 108 (14) 

Benzodiazepines and Z-drugs         
Analytical cut-off limit 20 (5) 68 (8) 48 (13) 166 (20) 48 (14) 106 (12) 71 (17) 86 (11) 
Likely impaired 13 (3) 56 (7) 30 (8) 133 (16) 30 (9) 70 (8) 27 (7) 39 (5) 
Highly impaired 11 (3) 41 (5) 21 (6) 111 (13) 20 (6) 50 (6) 6 (1) 14 (2) 

Opioids         
Analytical cut-off limit 16 (4) 53 (6) 41 (11) 124 (15) 35 (10) 87 (10) 43 (10) 68 (9) 
Likely impaired 6 (1) 19 (2) 15 (4) 65 (8) 15 (4) 47 (5) 20 (5) 26 (3) 
Highly impaired 1 (0) 7 (1) 5 (1) 28 (3) 10 (3) 26 (3) 9 (2) 14 (2) 

Stimulants         
Analytical cut-off limit 17 (4) 78 (9) 26 (7) 173 (21) 10 (3) 55 (6) 0 (0) 12 (2) 
Likely impaired 4 (1) 11 (1) 8 (2) 55 (7) 4 (1) 23 (3) 0 (0) 4 (1) 
Highly impaired 1 (0) 2 (0) 3 (1) 34 (4) 3 (1) 13 (2) 0 (0) 0 (0) 

Cannabis (THC)         
Analytical cut-off limit 18 (4) 108 (13) 26 (7) 126 (15) 12 (4) 51 (6) 2 (1) 9 (1) 
Likely impaired 7 (2) 55 (7) 10 (3) 54 (6) 8 (2) 31 (4) 0 (0) 6 (1) 
Highly impaired 2 (1) 13 (2) 4 (1) 17 (2) 0 (0) 14 (2) 0 (0) 2 (0)  

Table 6 
Univariable and multivariable logistic regression models of likely impairment of any psychoactive substance adjusted for sex, age, and injury mechanism, with odds 
ratios (OR), 95 % confidence intervals (CI), and significance level.   

Univariable logistic regression Multivariable logistic regression  

OR 95 % CI P OR 95 % CI P 

Sex       
Female Reference      
Male 1.76 (1.52–2.03) <0.001 1.64 (1.41–1.91) <0.001 
Age (years)       
>61 Reference      
<27 1.35 (1.12–1.63) 0.002 1.73 (1.41–2.13) <0.001 
27–43 2.23 (1.86–2.68) <0.001 2.46 (2.01–3.01) <0.001 
44–61 1.50 (1.24–1.81) <0.001 1.81 (1.48–2.21) <0.001 
Injury mechanism      
Transport Reference      
Fall 2.66 (2.28–3.09) <0.001 3.20 (2.72–3.77) <0.001 
Violence 12.94 (9.97–16.80) <0.001 11.26 (8.64–14.67) <0.001 
Other 1.75 (1.43–2.13) <0.001 1.68 (1.38–2.06) <0.001  
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most frequently detected drug in our study, particularly among younger 
males and patients with violence-related injuries [19,20,40,45,59,63]. 
Many recreational users of illicit drugs use a wide range of substances 
[59]. Our study, where only one in five samples positive for cannabis 
had cannabis as the only detected psychoactive substance, supports this 
finding. Similar to cannabis, the dose-response psychomotor impair
ment of stimulants may be less clear than for other psychoactive sub
stances [47,64]. However, studies on transport safety have shown that 
stimulant use is associated with a higher risk of injury and death [20]. A 
roadside survey found amphetamines and cocaine in 0.3 % and 0.2 % of 
the Norwegian drivers, respectively [65]. In our study, 8 % of all ad
missions and 5 % of admissions from transport related injuries were 
influenced by a stimulant. This further supports the role of stimulants as 
an important risk factor for injury. Additional studies are needed to 
quantify increased injury proneness associated with cannabis and 
stimulant use, comparing the prevalence of use in injured drivers with 
representative controls from roadside surveys. 

Polysubstance use was found in many injured patients in this study. 
The individual or combined contribution of various psychoactive sub
stances to injury proneness cannot be determined because of the obvious 
lack of toxicological data from uninjured controls. For prescribed 
controlled substances, future studies linking prescription data at the 
individual level to toxicological results may determine the extent of 
illegal versus prescribed use of controlled substances. For prescribed 
drugs, future registry-based case-control studies can help establish the 
risk of injury associated with each substance. 

The management of severely injured patients is a time-critical 
endeavor aimed at restoring normal physiology and function. Intoxica
tion may affect all phases of trauma care, from diagnostics to rehabili
tation. Given the high prevalence of alcohol and drug use in the trauma 
population, recognition and awareness of medical issues related to 
intoxication should be prioritised. For some patients addressing with
drawal symptoms during hospital admission will be of importance, 
while for others recognition of problematic substance use may serve as a 
gateway for counselling and rehabilitation services. To further increase 
our understanding of the physiological and clinical impacts of intoxi
cation, we should consider routine toxicological screening of patients 
with suspected severe injuries. Furthermore, these data should be 

incorporated into the trauma registries. Future clinical studies based on 
combined toxicological and clinical trauma data should aim to improve 
the outcome of intoxicated trauma patient by identifying specific clin
ical manifestation of each psychoactive substance and assessing relevant 
therapeutic interventions. 

The main strength of the study is the extensive prospective data 
collection, with the participation of hospitals covering 96 % of the 
Norwegian population. Data were collected over an entire one-year 
period, which eliminated seasonal variations in trauma epidemiology. 
Toxicological analyses of blood samples obtained from acutely admitted 
patients shortly after injury increase the representativeness of the toxi
cological results. 

A limitation of the study is that it excluded patients who died before 
reaching a hospital and patients that were under-triaged for trauma 
team activation. For patients that are not received by a trauma team 
there is no standardised protocol to obtain blood samples immediately 
upon emergency department arrival. All injured patients not received by 
a trauma team were therefore excluded from participation. 

Long-term use of psychoactive substances may lead to tolerance and 
individual differences in age, sex and physiology may affect the asso
ciation between observed concentrations and cognitive impairment. For 
rapidly metabolised substances, such as 6-MAM, cocaine, and THC, 
concentrations are reduced from the time from the injury until blood 
sample collection. 

The study has a cross sectional design and the lack of toxicological 
data in a representative uninjured control population means that of risk 
for traumatic injury associated with psychoactive substance cannot be 
quantified. Similarly, assessing causality through odds of culpability 
studies necessitate data on an extensive amount of injury circumstance 
factors that was beyond the scope of this study. 

Conclusion 

We detected psychoactive substances in 35 % of trauma admissions. 
Alcohol was the most commonly used substance, and in decreasing 
order, benzodiazepines, opioids, stimulants, and cannabis were detected 
in every eighth to fourteenth admission. Polydrug use was detected in 
45 % of the positive cases. Younger males and patients with violence- 
related injuries were more likely to be impaired. Injury prevention 
strategies should focus on high-risk groups and involve the prescription 
of controlled substances. We should consider toxicological screening in 
trauma admissions and incorporation of toxicological data into trauma 
registries. 

Funding 

The Norwegian Directorate of Health, Norwegian Public Roads 
Administration, and Norwegian Ministry of Transport and Communi
cations provided funding for laboratory facilities in the Section of Drug 
Abuse Research, Oslo University Hospital. The Innlandet Hospital Trust 
provided funding for CCBs PhD research fellowships. The funding 
sources did not participate in the study design, data collection, data 
analysis, data interpretation, writing, or decision to submit. 

Data statement 

The data collected in the study were considered sensitive and pro
tected according to the decision of The Regional Committee for Medical 
and Health Research Ethics and the data protection officials represent
ing the data controller, Oslo University Hospital. Queries regarding ac
cess to anonymised aggregated data may be directed to the 
corresponding author. 

Declaration of Competing Interest 

All authors have completed the ICMJE uniform disclosure form and 

Fig. 2. Scaled Venn diagram. Prevalence n (%) of alcohol, medicinal and illegal 
drugs detected separately and in combination above analytical cut-off limits 
among 4878 trauma admissions. 

C.C. Bråthen et al.                                                                                                                                                                                                                              

Downloaded for Anonymous User (n/a) at Innlandet Hospital Trust from ClinicalKey.com by Elsevier on January 17, 
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



Injury 54 (2023) 111160

8

declare: all authors had financial support from Oslo University Hospital, 
The Norwegian Directorate of Health, The Norwegian Public Roads 
Administration, and the Norwegian Ministry of Transport and Commu
nications for the submitted work; CCB received financial support from 
Innlandet Hospital Trust; authors had no financial relationships with 
any organisations that might have an interest in the submitted work in 
the previous three years; authors had no other relationships or activities 
that could appear to have influenced the submitted work. 

Acknowledgements 

We thank the Study Group (The Study Group, supplementary material) 
for contributing to the planning of the study and comprehensive data 
collection. We wish to thank the collaborative organisations, Norwegian 
Trauma Registry, Norwegian National Advisory Unit on Trauma, and the 
Norwegian Association of Disabled and the National Association for the 
traumatically injured for their contributions to the planning phase of the 
study. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.injury.2023.111160. 

References 

[1] WHO. Injuries and violence - Key facts. 2021. https://www.who.int/news-room/f 
act-sheets/detail/injuries-and-violence (accessed April 15, 2023). 

[2] WHO Europe. Fact sheet. EURO/11/05 Rev.1 2005. https://www.euro.who. 
int/__data/assets/pdf_file/0007/98611/fs1105e.pdf (accessed April 15, 2023). 

[3] Drummer OH, Gerostamoulos D, di Rago M, Woodford NW, Morris C, 
Frederiksen T, et al. Odds of culpability associated with use of impairing drugs in 
injured drivers in Victoria, Australia. Accid Anal Prev 2020;135:105389. https:// 
doi.org/10.1016/j.aap.2019.105389. 
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