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Abstract

Objectives Off-road vehicle (ORV) and motorcycle use is common in Canada; however, risk of serious injury is heightened
when these vehicles are operated without helmets and under the influence of alcohol. This study evaluated the impact of
alcohol intoxication on helmet non-use and mortality among ORV and motorcycle crashes.

Methods Using data collected from the Nova Scotia Trauma Registry, a retrospective analysis (2002-2017) of ORV and
motorcycle crashes resulting in major traumatic brain injury was performed. Patients were grouped by blood alcohol con-
centration (BAC) as negative (<2 mmol/L), legally intoxicated (2-17.3 mmol/L) or criminally intoxicated (> 17.3 mmol/L).
Logistic regression models were constructed to test for helmet non-use and mortality.

Results A total of 424 trauma patients were included in the analysis (220 ORV, 204 motorcycle). Less than half (45%) of
patients involved in ORV crashes were wearing helmets and 65% were criminally intoxicated. Most patients involved in
motorcycle crashes were helmeted at time of injury (88.7%) and 18% were criminally intoxicated. Those with criminal levels
of intoxication had 3.7 times the odds of being unhelmeted and were 3 times more likely to die prehospital compared to BAC
negative patients. There were significantly increased odds of in-hospital mortality among those with both legal (OR =5.63),
and criminal intoxication levels (OR =4.97) compared to patients who were BAC negative.

Conclusion Alcohol intoxication is more frequently observed in ORV versus motorcycle crashes. Criminal intoxication is
associated with helmet non-use. Any level of intoxication is a predictor of increased in-hospital mortality.
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Introduction

Motorcycles and off-road vehicles (ORVs) such as all-ter-
rain vehicles (ATVs), side-by-sides (SxSs), utility terrain
vehicles (UTVs), and snowmobiles are commonly used for
transportation, work, and recreation in Canada. Each year,
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there are approximately 180 motorcycle fatalities [1], 100
ATV fatalities [2], and 73 snowmobile fatalities across the
country [3]. In Nova Scotia, motorcycles and ORVs are pop-
ular for both recreation and transportation/work purposes.
Previous studies in Nova Scotia have shown that ATV inju-
ries in children closely resemble injuries from motor vehicle
collisions (MVCs) [4]. Legislation restricting ATV use by
children led to a short-term decrease but no sustained effect
on the frequency and severity of ATV injuries [5]. The risk
of injury while operating these vehicles is heightened by
numerous factors including driving unhelmeted, night driv-
ing, having multiple passengers, engaging in risky behavior
(e.g., jumps, high speeds), and use of alcohol and/or drugs
[6-8]. Use of alcohol/drugs has been reported in roughly
half of ATV and snowmobile deaths [2, 3], and in nearly one
third of motorcycle fatalities [9].

Traumatic brain injury (TBI) is the primary cause of
death from motorcycle and ORV crashes [10, 11]. While
some ORVs have safety features like seat belts and roll
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cages, helmets remain the best form of head protection
and are associated with significantly lower risk of TBI and
death among riders involved in a crash [12, 13]. At least
one-third of ATV fatalities in Canada involve unhelmeted
riders [2]. Furthermore, there is evidence that use of alco-
hol/drugs is associated with increased odds of not wearing
a helmet among those injured in motorcycle crashes [14]
and ATV crashes [15]. The aim of this study was to assess
the demographic and injury patterns of patients presenting
with ORV- or motorcycle-related TBI to a Level I trauma
centre. Specifically, we hypothesized that crashes involving
alcohol are associated with increased risk of not wearing a
protective helmet, as well as increased odds of prehospital
and in-hospital mortality.

Methods
Study design and time period

This was a retrospective cohort study of major TBI patients
injured between January 2002 and December 2017. Study
data were collected from the Nova Scotia Trauma Registry
(NSTR). The NSTR is a provincial population-based regis-
try under the Nova Scotia Department of Health and Well-
ness and contains data on all major trauma patients with an
Injury Severity Score (ISS)>12 and an appropriate Inter-
national Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, Canada (ICD-10-CA)
code. The NSTR also includes penetrating traumas with
an ISS>9 or greater, all trauma team activations (TTAs)
regardless of ISS, and traumas resulting in death prior to
hospital arrival or in the ED. This study was performed in
accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines for
reporting observational studies [16].

Study setting

All major trauma and adult neurosurgical services in the
Nova Scotia are centralized at the Queen Elizabeth II Health
Sciences Centre (QEII HSC) in Halifax. This centre services
a population of 938,183 within 55,000 km? and receives all
major neurotrauma cases from within the province as well
as some cases from Prince Edward Island.

Population
We included all major TBI patients injured in an ORV or
motorcycle crash during the study period. Consistent with

the literature, major TBI was defined using the maximal
Abbreviated Injury Scale (AIS) Head score [17, 18] and
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ICD-10-CA injury codes. All patients in the NSTR with a
maximum AIS Head score>3 and a primary ICD-10-CA
diagnosis code consistent with blunt or penetrating trauma
were included. For this study, ORVs included ATVs, UTVs,
SxSs, and snowmobiles.

Data collection

Data elements collected from the NSTR included age, sex,
injury mechanism, use of helmet, maximum AIS Head score,
ISS, Glasgow Coma Scale (GCS) score, TTA, blood alcohol
concentration (BAC) testing, BAC level, and discharge sta-
tus. Quantitative alcohol levels were determined during the
initial ED visit or by post-mortem testing by the Nova Sco-
tia Medical Examiner Service. BAC levels are reported as
millimoles of ethanol per liter of blood (mmol/L).

When a patient dies at the crash scene or before admit-
tance to hospital, law enforcement or emergency medical
personnel notify the provincial Medical Examiner who
draws a blood sample and conducts a BAC test from fatal
crashes. Because post-mortem blood presents problems due
to variable conditions and changes to concentrations from
one place to another in the body after death, the Medical
Examiner commonly analyzes vitreous humor for BAC. A
BAC level of 0-1.9 mmol/L was coded as BAC negative
(as defined by the National Trauma Registry); any BAC
reported as >2mmol/L was considered positive. Positive
BAC levels were further categorized as legal intoxication
(2-17.3mmol/L) or criminal intoxication (>17.3mmol/L).
Throughout Canada, the maximum legal BAC for fully
licensed drivers is <80 mg alcohol in 100 ml of blood, or
0.08 gram% (0.08 g alcohol/100 ml=17.3 mmol/L). Driv-
ing with a BAC of 17.3 mmol/L or higher is a criminal
offence.

Outcome measures

Outcome measures included helmet non-use and mortality
(prehospital, in-hospital). Prehospital mortality was defined
as death at the scene or during transfer to hospital, while
in-hospital mortality was defined as death occurring at any
time after arrival to an ED.

Data analysis

Demographic and injury characteristics were described
using means+standard deviations for continuous vari-
ables and counts and percentages for categorical variables.
Between groups comparisons were performed with a chi-
square (categorical data) and with Student’s t-test or one-
way ANOVA test (continuous data), as appropriate, with
the following BAC levels: negative (BAC 0-1.9 mmol/L),
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Table 1 Characteristics of patients injured in ORV and motorcycle
crashes in Nova Scotia, 2002-2015

Characteristic ORV Motorcycle p-value
trauma trauma
(n=220) (n=204)

Age, mean+ SD 34+15.5 44+15.2 <0.001
Male sex, n (%) 199 (90.5) 181 (87.7) 0.63
Helmet use, n (%) 99 (45.0) 181 (88.7) <0.001
GCS on ED arrival, 10.9+5.2 11.0+4.9 0.53
mean+SD
Max AIS Head, mean+ SD 4.0+0.8 4.0+0.9 0.62
ISS, mean +SD 27.7+142 36.6+19.0 <0.001
TTA, n (%) 115(52.3) 94 (46.1) 0.20
BAC testing performed, n (%) 146 (66.4) 140 (68.6)  0.62
BAC level, n (%)

Negative (0-1.9 mmol/L) 37 (25.3) 107 (76.4)  <0.001

Legal intoxication 14 (9.6) 8(5.7)
(2-17.3mmol/L)

Criminal intoxication 95 (65.1) 25(17.9)
(>17.3mmol/L)
Mortality, n (%)

Prehospital 35(17.9) 50(29.2) 0.01

In-hospital 23 (12.5) 31(20.4) 0.05

ORV off-road vehicle; 7BI traumatic brain injury; GCS Glasgow
Coma Scale; 4IS Abbreviated Injury Score; ISS Injury Severity
Score; BAC blood alcohol concentration; 774 Trauma Team Activa-
tion

legal intoxication (2-17.3 mmol/L), and criminal intoxica-
tion (>17.3 mmol/L). An age and sex-adjusted regression
model for the association of BAC with helmet use was cre-
ated. Prehospital and in-hospital mortality were modelled
with multivariate logistic regression using age, AIS Head,
ISS, and BAC levels as covariates. We did not include sex in
the multivariate logistic regression modeling given that the
vast majority of the study sample were males. The result-
ing coefficients were exponentiated to obtain adjusted odds
ratios (ORs). A p-value less than 0.05 was considered statis-
tically significant. ORs were reported with 95% confidence
intervals (CIs). All data were analyzed using SPSS software
(version 27; SPSS Inc., Chicago) and R Statistical Software
(version 4.2.5).

Ethics Approval

All study procedures were approved by the institutional
research board (File #1018117).

Results

A total of 5590 major TBI patients were seen in Nova Sco-
tia during the 16-year study period. Of these, 220 patients

were ORV drivers and 204 were motorcycle drivers. Char-
acteristics of TBI patients injured in ORV and motorcycle

Table 2 Characteristics of patients by blood alcohol concentration

Characteristic BAC Legal Criminal p-value
Negative Intoxication Intoxication
(n=144) (n=22) (n=120)
Age, mean+SD 41+15.2 28+8.5 37+12.7 <0.001
Male sex,n (%) 127(88.2) 17(77.3) 113 (94.2) 0.035
Vehicle type, n
(%)
ORV 37 (25.7) 14 (63.6) 95(79.2) <0.001
Motorcycle 107 (74.3) 8(36.4) 25 (20.8)
Helmet use, n 115(79.9) 17(77.3) 60 (50.0) <0.001
(%)
GCS on 105+52 124+44 89+54 0.20
ED arrival,
mean +SD
Max AIS Head, 4.1+0.9 41+0.9 3.9+09 0.37
mean +SD
ISS, mean+SD  35.5+183 3594179 29.6+163 0.02
TTA, n (%) 87 (60.4) 13 (59.1) 69 (57.5) 0.89
Mortality, n (%)
Prehospital 33 (26.4) 5(27.8) 33 (32.0) 0.64
In-hospital 16 (14.8)  4(23.5) 17 (19.5) 0.54

ORYV off-road vehicle; GCS Glasgow Coma Scale; 41S Abbreviated
Injury Score; ISS Injury Severity Score; BAC blood alcohol con-
centration; 774 Trauma Team Activation; BAC Negative BAC 0-1.9
mmol/L; Legal Intoxication BAC 2-17.3 mmol/L; Criminal Intoxica-
tion BAC>17.3 mmol/L

crashes are compared in Table 1. Patients injured in ORV
crashes were younger (34+15.5 vs. 44+15.2, p<0.001)
and had lower mean ISS scores (27.7+14.2 vs. 36.6 +£19.0,
p<0.001) than those injured in motorcycle crashes. Less
than half (45%) of patients injured in ORV crashes were
wearing helmets compared with 89% of motorcycle crashes
(»<0.001). BAC testing was performed in 66% (146/220)
of ORV crashes and 68% (138/204) of motorcycle colli-
sions. BAC levels were significantly different between ORV
and motorcycle crashes. Prehospital mortality was observed
in 20% (85/424) of the study sample; the proportion of pre-
hospital mortality was significantly greater than motorcycle
crashes (29% vs. 18%, p=0.01).

Characteristics of patients injured in ORV or motorcycle
crashes were compared by BAC level (Table 2). Helmet use
was highest in BAC negative patients (80%, 115/144) and
least frequent in drivers with criminal BAC levels (50%,
60/120). Mean ISS was statistically different between
the three BAC categories, with the most severe injuries
observed in the BAC negative group (mean ISS 35.5+18.3)
and the least severe injuries in the criminally intoxicated
BAC group (mean ISS 29.6 +16.3).

To determine whether alcohol intoxication predicted hel-
met non-use in ORV and motorcycle drivers, two separate
regression models were implemented, one for all crashes
and one for fatal crashes (Table 3). After adjustment for age
and sex, those with criminal BAC (> 17.3 mmol/L) had 3.7
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Table 3 Factors associated with helmet non-use among all crashes and fatal crashes

Variable All Crashes Fatal Crashes
Adjusted OR 95% CI p-value Adjusted OR 95% CI p-value

Age 0.98 0.96-1.00 0.06 0.96 0.92-0.99 0.029
Male sex 0.99 0.40-2.45 0.99 0.59 0.12-2.84 0.51
BAC level

Negative Reference - - Reference - -

Legal intoxication 0.93 0.31-2.81 0.89 0.42 0.04-4.64 0.48

Criminal intoxication 3.77 2.17-6.52 <0.001 3.94 1.37-11.34 0.011

BAC blood alcohol concentration; OR odds ratio; C/ confidence interval; BAC Negative BAC 0-1.9 mmol/L; Legal Intoxication BAC 2-17.3

mmol/L; Criminal Intoxication BAC > 17.3 mmol/L

Table 4 Factors associated with prehospital and in-hospital mortality

Variable Prehospital Mortality In-hospital Mortality
Adjusted OR 95% CI p-value Adjusted OR 95% CI p-value

Age 1.00 0.99-1.04 0.21 1.05 1.02-1.09 0.002
Helmet use 2.47 1.12-5.46 0.03 2.06 0.77-5.54 0.15
Max AIS Head score 1.15 0.72-1.84 0.55 3.86 1.91-7.81 <0.001
ISS 1.07 1.04-1.09 <0.001 1.05 1.01-1.08 0.020
BAC level

Negative Reference - - Reference - -

Legal intoxication 1.31 0.34-4.95 0.69 5.63 1.19-26.59 0.029

Criminal intoxication 3.12 1.48-6.55 0.003 4.97 1.81-13.67 0.002

OR odds ratio; CI confidence interval; ALS Abbreviated Injury Score; ISS Injury Severity Score; 774 Trauma Team Activation; BAC blood
alcohol concentration; ORV off-road vehicle; BAC Negative BAC 0-1.9 mmol/L; Legal Intoxication BAC 2-17.3 mmol/L; Criminal Intoxication

BAC > 17.3 mmol/L

times the odds of being unhelmeted at the time of injury
(»<0.001). Similarly, among fatal crashes, criminal intoxi-
cation was associated with nearly 4 times the odds of being
unhelmeted at the time of the ORV or motorcycle crash (OR
3.9, p=0.01).

Multivariable logistic regression models were created to
assess for factors associated with prehospital and in-hospital
mortality (Table 4) where age, helmet use, maximum AIS
Head score, ISS, and BAC levels were included as predic-
tors. Prehospital mortality was associated with increas-
ing ISS (OR 1.07, 95% CI 1.03—1.07) and patients with
criminal intoxication were 3 times more likely to die in the
pre-hospital setting than BAC negative patients. Variables
positively associated with the odds of in-hospital mortal-
ity were age (OR 1.05, 95% CI 1.02-1.09), maximum AIS
Head score (OR 3.86, 95% CI 1.91-7.81) and ISS (OR 1.05,
95% CI 1.01-1.08). Compared with BAC negative drivers,
drivers with legal intoxication had over five times the odds
of experiencing in-hospital mortality (OR 5.63 95% CI
1.19-26.59), while drivers with criminal intoxication had
5 times the odds of experiencing in-hospital mortality (OR
4.97 95% CI 1.81-13.67).
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Discussion

This population-based study reports on the demographics
and injury patterns of ORV and motorcycle-related TBI in
Nova Scotia. Alcohol intoxication was found to be a per-
vasive risk factor for helmet non-use and mortality. Nearly
three quarters of those involved in ORV crashes tested posi-
tive for BAC. Patients with BAC levels above 17.3 mmol/L
had nearly 4 times the odds of helmet non-use compared
with those who were BAC negative. The study findings
underscore the critical role of alcohol intoxication with
mortality resulting from ORV and motorcycle collisions;
in the prehospital setting, BAC levels above 17.3 mmol/L
independently predict prehospital mortality, while both
legal and criminal levels of intoxication are linked to a five-
fold increase in the odds of in-hospital mortality.

We observed that helmets were only worn by 50% of the
patients in this criminally intoxicated BAC high group, but
both ISS and maximum AIS Head were not significantly dif-
ferent among patients in the three BAC categories. While it
may be expected that the absence of helmet usage would
correlate with higher injury severity scores, our findings do
not align with this expectation. Several factors may contrib-
ute to this unexpected observation. Firstly, the effectiveness
of helmets in preventing head injuries can vary depending
on various factors such as helmet design, fit, and the type
and severity of the impact. Secondly, the circumstances
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surrounding the incidents, including the speed of the vehi-
cles involved, the angle of impact, and other environmen-
tal factors, can significantly influence the resulting injury
severity regardless of helmet usage. We did not assess iso-
lated versus multiple trauma in the study cohort which may
also be an important consideration for injury severity.

There are conflicting studies of the effect of alcohol on
trauma mortality, with evidence that alcohol both decreases
[17-21] and increases [15, 22—-24] mortality rates. Once a
traumatic injury occurs, alcohol intoxication may paradoxi-
cally improve survival outcomes in certain cases, possibly
due to physiological factors like decreased pain perception,
relaxed muscles, or altered inflammatory response. While
these studies indicate a potential protective effect of alco-
hol on mortality in trauma patients, the authors acknowl-
edge the need for further research to elucidate the nature of
this relationship and the underlying mechanisms involved.
Of note, there appears to be a discrepancy in the cut-offs
of BAC defined by the different studies when examining
the potential protective effects of alcohol intoxication on
injury severity and mortality. Additionally, the relation-
ship between alcohol consumption and outcomes in trauma
patients is influenced by a range of factors including post-
injury interval, injury severity, prior drinking patterns, and
day of injury alcohol use, yet several of these variables are
not included as covariates in observational studies. There-
fore, while many studies raise intriguing questions about
the potential protective effects of alcohol in trauma patients,
their limitations underscore the need for more rigorous,
prospective, and controlled research to better understand
this complex relationship and its underlying mechanisms
[25-27].

Results from the current study align with previous find-
ings that alcohol is a risk factor in crashes involving AT Vs
[2, 24, 28, 34], snowmobiles [9, 28] and recreational water-
craft [29]. Helmet use has been shown to be effective in
reducing TBIs due to motorcycle and ORV crashes [10,
11]. ATV riders who do not wear helmets are more likely
to receive significant injuries to the head, face, and neck
[12]. Our results demonstrate that alcohol intoxication is a
significant risk factor for both helmet non-use and mortality
among ORV and motorcycle collisions. We found that hel-
met use among ORV crashes was just under 50% and that
alcohol use decreased the likelihood of helmet use. A study
from Newfoundland and Labrador reported similar results
in their local study population [30].

Previous investigations have consistently shown a higher
incidence of in-hospital mortality among motorcycle crash
patients with elevated blood alcohol concentration com-
pared to those who test negative [31, 32]. A similar associa-
tion exits between alcohol intoxication and ORV fatalities;
in over half of AT V-related fatalities from 2013 to 2019, the

drivers had consumed alcohol, cannabis or other drugs [2].
Our study findings are consistent with the current literature.
Specifically, prehospital mortality was observed in 20% of
patients in our study. Patients with criminal BAC levels
(>17.3 mmol/L) had more than triple the risk of prehospi-
tal mortality after adjusting for helmet use, age, and injury
severity. Drivers with any level of alcohol intoxication had
over five times the risk of in-hospital mortality compared
with BAC negative drivers.

Strengths and limitations

Our findings are subject to the known limitations of retro-
spective data analysis and cannot be used to imply causal-
ity. Although data were collected from a robust prospective
population-based registry, information was unknown or
incomplete in some cases. Importantly, a large number of
patients were not tested for alcohol use. Furthermore, this
study was focused on a major TBI population treated at a
single centre; thus, our results may not be generalizable to
other patient populations.

Clinical implications

Our findings underscore the significance of alcohol intox-
ication as a prevalent and independent risk factor associ-
ated with both helmet non-use and mortality in ORV and
motorcycle crashes. It is imperative for frontline emer-
gency providers and policymakers to recognize the wide-
spread involvement of alcohol in these incidents, prompting
the necessity for alcohol screening among crash-involved
patients. This awareness can equip clinicians to engage
patients in crucial injury prevention discussions. Addition-
ally, studies advocate for the role of EDs in evaluating and
referring at-risk patients to substance use disorder programs
[33]. Implementing screening programs and establishing
efficient referral pathways can effectively connect patients
with the necessary resources and support to prevent the
morbidity and mortality consequences of alcohol intoxica-
tion in ORV and motorcycle crashes.

Research implications

Nova Scotians aged 16 years and older must complete a
safety training program in order to legally operate an ORV
and all drivers are required to wear an approved helmet.
Although helmets are legally required for wheeled activities
in Nova Scotia, there are challenges with enforcing this leg-
islation, especially in rural areas, and there is limited infor-
mation available on compliance with this law among ORV
riders. Further research is required to understand the factors
associated with alcohol misuse in this population which can
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then serve as a target to reduce injury through legislation
and community-based education programs [6].

Conclusions

Our findings demonstrate that three quarters of TBI patients
injured in ORV crashes were positive for blood alcohol.
Less than half of patients involved in ORV crashes were
wearing helmets, while helmet compliance was higher
among motorcyclists. Alcohol intoxication is a significant
risk factor for prehospital and in hospital mortality in ORV
and motorcycle-related TBI.

Acknowledgements The authors acknowledge the support provided
by Beth Sealy and Karen Ssebazza, Registry Coordinators of the Nova
Scotia Trauma Registry. Data used in this research was made available
by the Nova Scotia Department of Health and Wellness. Any opinions
expressed by the authors do not necessarily reflect the opinion of the
Nova Scotia Department of Health and Wellness or the Nova Scotia
Health Trauma Program.

Author contributions N.K, D.B.C, M.E., and R.G were involved in the
conceptualization, methodology, analysis, and writing. S.W and 1.O
were involved in the methodology, analysis, and writing. All authors
reviewed the final manuscript.

Funding This study was funded by a grant from the Nova Scotia De-
partment of Health and Wellness.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

References

1.  Government of Canada SC. The Daily — Circumstances sur-
rounding motorcycle fatalities in Canada, 2016 to 2020. https://
www 150.statcan.gc.ca/nl/daily-quotidien/230515/dq230515b-
eng.htm. 2023. Accessed 21 Dec 2023.

2. Government of Canada SC. The Daily — Circumstances sur-
rounding all-terrain vehicle (ATV) fatalities in Canada, 2013 to
2019. https://www150.statcan.gc.ca/n1/daily-quotidien/210607/
dq210607d-eng.htm. 2021. Accessed 21 Dec 2023.

3.  Government of Canada SC. Snowmobile fatalities in Canada,
2013 to 2019. https://www150.statcan.gc.ca/nl/pub/11-627-
m/11-627-m2021002-eng.htm. 2021. Accessed 21 Dec 2023.

4. Yanchar NL, Kennedy R, Russell C. ATVs: motorized toys or
vehicles for children? Inj Prev. 2006;12:30-4.

5. Jessula S, Murphy N, Yanchar NL. Injury severity in pediatric
all-terrain vehicle-related trauma in Nova Scotia. J Pediatr Surg.
2017;52:822-5.

6. Benham EC, Ross SW, Mavilia M, Fischer P, Christmas AB, Sing
RF. Injuries from all-terrain vehicles: an opportunity for injury
prevention. Am J Surg. 2017;214:211-6.

@ Springer

11.

12.

13.

16.

17.

19.

20.

21.

22.

23.

24.

Jennissen CA, Stange NR, Fjeld A, Denning GM. The dark side
of nighttime all-terrain vehicle use. Inj Epidemiol. 2021. https://
doi.org/10.1186/s40621-021-00316-y.

Lord S, Tator CH, Wells S. Examining Ontario deaths due to
allterrain vehicles, and targets for prevention. Can J Neurol Sci.
2010;37:343-9.

Government of Canada SC. Motorcycle Fatalities in Canada,
2016 to 2020. https://www150.statcan.gc.ca/nl/pub/11-627-
m/11-627-m2023024-eng.htm. 2023. Accessed 21 Dec 2023.
Rattan R, Joseph DK, Dente CJ, Klein EN, Kimbrough MK,
Nguyen J. Prevention of all-terrain vehicle injuries: a systematic
review from the Eastern Association for the surgery of Trauma. J
Trauma Acute Care Surg. 2018;84:1017-26.

Du RY, LoPresti MA, Garcia RM, Lam S. Primary prevention of
road traffic accident-related traumatic brain injuries in younger
populations: a systematic review of helmet legislation. J Neuro-
surg Pediatr. 2020. https://doi.org/10.3171/2019.10.PEDS19377.
Bowman SM, Aitken ME, Helmkamp JC, Maham SA, Graham
CJ. Impact of helmets on injuries to riders of all-terrain vehicles.
Inj Prev. 2009;15:3-7.

Hassan A, Jokar TO, Rhee P, Ibraheem K, Kulvatunyou N, Ander-
son KT. More helmets fewer deaths: Motorcycle helmet legis-
lation impacts traumatic brain injury-related mortality in young
adults. Am Surg. 2017;83:541-6.

Rossheim ME, Wilson F, Suzuki S, Rodriguez M, Walters S,
Thombs DL. Associations between drug use and motorcycle hel-
met use in fatal crashes. Traffic Inj Prev. 2014;15:678-84.
Bethea A, Samanta D, Willis JA, Lucente FC, Chumbe JT. Sub-
stance exposure and helmet use in all-terrain vehicle accidents:
nine years of experience at a level 1 trauma center. Journal of
safety research; 2016.

DG EE, SJ AME, PC P, Initiative GJPV STROBE. Strength-
ening the reporting of Observational studies in Epidemiology
(STROBE) statement: guidelines for reporting observational
studies. BMJ. 2007;335:806-8.

Leijdesdorff HA, Legué J, Krijnen P, Rhemrev S, Kleinveld S,
Schipper IB. Traumatic brain injury and alcohol intoxication:
effects on injury patterns and short-term outcome. Eur J Trauma
Emerg Surg. 2021;47:2065-72.

. van Wijck SF, Kongkaewpaisan N, Han K, Kokoroskos N, Kong-

wibulwut M, King DR, van der Wilden GM, Krijnen P, Schipper
1B, Velmahos GC. Association between alcohol intoxication and
mortality in severe traumatic brain injury in the emergency depart-
ment: a retrospective cohort. Eur J Emerg Med. 2021;28:97.
Brockamp T, Bohmer A, Lefering R, Bouillon B, Wafaisade A,
Mutschler M, Kappel P, Frohlich M, Working Group of Injury
Prevention of the German Trauma Society (DGU). Alcohol and
trauma: the influence of blood alcohol levels on the severity of
injuries and outcome of trauma patients - a retrospective analysis
of 6268 patients of the TraumaRegister DGU®. Scand J Trauma
Resusc Emerg Med. 2021;29:101.

Sasaki K, Obinata H, Yokobori S, Sakamoto T. Alcohol does not
increase in-hospital mortality due to severe blunt trauma: an anal-
ysis of propensity score matching using the Japan Trauma Data
Bank. Acute Med Surg. 2021;8:e671.

Brigode W, Cohan C, Beattie G, Victorino G. Alcohol in traumatic
Brain Injury: toxic or therapeutic? J Surg Res. 2019;244:196-204.
Hadjizacharia P, O’Keeffe T, Plurad DS, Green DJ, Brown CVR,
Chan LS, Demetriades D, Rhee P. Alcohol exposure and outcomes
in trauma patients. Eur J Trauma Emerg Surg. 2011;37:169-75.
Afshar M, Netzer G, Murthi S, Smith GS. Alcohol exposure,
injury, and death in trauma patients. J Trauma Acute Care Surg.
2015;79:643.

Hall AJ, Bixler D, Helmkamp JC, Kraner JC, Kaplan JA. Fatal
all-terrain vehicle crashes: injury types and alcohol use. Am J
Prev Med. 2009;36:311-6.


https://doi.org/10.1186/s40621-021-00316-y
https://doi.org/10.1186/s40621-021-00316-y
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2023024-eng.htm
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2023024-eng.htm
https://doi.org/10.3171/2019.10.PEDS19377
https://www150.statcan.gc.ca/n1/daily-quotidien/230515/dq230515b-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/230515/dq230515b-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/230515/dq230515b-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/210607/dq210607d-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/210607/dq210607d-eng.htm
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2021002-eng.htm
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2021002-eng.htm

Alcohol is a risk factor for helmet non-use and fatalities in off-road vehicle and motorcycle crashes

25.

26.

27.

28.

29.

30.

31.

Ding Q, Wang Z, Shen M, Su Z, Shen L. Acute Alcohol exposure
and risk of mortality of patients with traumatic Brain Injury: a
systematic review and Meta-analysis. Alcoholism: Clin Experi-
mental Res. 2017;41:1532-40.

Mathias JL, Osborn AJ. Impact of day-of-injury alcohol con-
sumption on outcomes after traumatic brain injury: a meta-analy-
sis. Neuropsychological Rehabilitation. 2018;28:997-1018.
Albrecht JS, Afshar M, Stein DM, Smith GS. Association of
Alcohol with Mortality after traumatic brain Injury. Am J Epide-
miol. 2018;187:233-41.

Vanlaar W, McAteer H, Brown S, Crain J, McFaull S, Hing MM.
Injuries related to off-road vehicles in Canada. Accid Anal Prev.
2015;75:264-71.

O’Connor PJ, O’Connor N. Causes and prevention of boating
fatalities. Accid Anal Prev. 2005;37:689-98.

Black H, Whalen D, Alani S, Rogers P, MacLean C. All-terrain
vehicle-related injuries and deaths in Newfoundland and Lab-
rador between 2003 and 2013: a retrospective trauma registry
review. CJEM. 2018;20:207-15.

Ahmed N, Kuo Y-H, Sharma J, Kaul S. Elevated blood alco-
hol impacts hospital mortality following motorcycle injury: a
National Trauma Data Bank analysis. Injury. 2020;51:91-6.

32.

33.

34.

Christophersen AS, Gjerde H. Prevalence of alcohol and drugs
among motorcycle riders killed in road crashes in Norway during
2001-2010. Accid Anal Prev. 2015;80:236—42.

Hann J, Wu H, Gauri A, Dong K, Lam N, Bakal JA, Kirkham
A. Identification of emergency department patients for refer-
ral to rapid-access addiction services. Can J Emerg Med.
2020;22:170-7.

Sibley AK, Tallon JM. Major injury associated with all-terrain
vehicle use in Nova Scotia: a 5-year review. Canadian Journal of
Emergency Medicine. 2002;4(4):263—7. https://doi.org/10.1017/
s1481803500007491.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1017/s1481803500007491
https://doi.org/10.1017/s1481803500007491

	﻿Alcohol is a risk factor for helmet non-use and fatalities in off-road vehicle and motorcycle crashes
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and time period
	﻿Study setting
	﻿Population
	﻿Data collection
	﻿Outcome measures
	﻿Data analysis
	﻿Ethics Approval

	﻿Results
	﻿Discussion
	﻿Strengths and limitations
	﻿Clinical implications
	﻿Research implications

	﻿Conclusions
	﻿References


