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Abstract

Cannabis is the most-used psychoactive drug in Aotearoa—New Zealand (NZ); recreational
use remains illegal, while medicinal use was legalized in 2020. Cannabis use is associated
with increased risk of injury; however, there is little known on the causes and circumstances
of cannabis-related fatal injuries. This retrospective population study utilized coronial case
files to describe the contribution and circumstances of cannabis-related fatal injuries in
NZ. Between 2012 and 2016, cannabis was reported in 273 of 3599 unintentional/assault
injury deaths (1.32 deaths per 100,000 person-years, 95% CI 1.17, 1.49). High-risk groups
included males aged 15–44 years, Indigenous Māori, and those in deprived areas, for
whom higher rates of post mortem testing were conducted. Cannabis-related fatalities
mainly resulted from road crashes and multi-drug poisonings with concomitant alcohol use
common, especially in traffic crashes on public roads (49% of concomitant use). Cannabis
use was mainly observed in the decedent (n = 256, 94%). One in five deaths involved
a worker, either as a user or as a bystander to another’s use. Coronial files identified
important opportunities for safety countermeasures targeting cannabis use among drivers
and its concomitant use with alcohol. Improved coverage of post mortem testing could
address data limitations, including biased testing patterns and missing medical use.

Keywords: cannabis; cannabinoid; tetrahydrocannabinol; THC; marijuana; fatal injury;
mortality; toxicology; injury; observational study

1. Introduction
Cannabis is the most used psychoactive drug in Aotearoa—New Zealand (NZ) [1].

In April 2020, the medicinal use of cannabis prescribed by a medical practitioner was
legalized; however, recreational use of cannabis remains illegal in NZ [2]. Estimates of the
prevalence of cannabis use in NZ vary. The findings from the 2017/18 National Health
Survey estimated that 12% of NZ adults had used cannabis in the previous year, and of
these one third intended to use cannabis at least weekly [1]. Estimates of lifetime cannabis
use suggest 44% of New Zealanders have used cannabis [3]. Longitudinal studies based in
NZ estimated that for children born in the 1970s, around four out of five reported having
‘ever used’ cannabis by their mid-twenties [4,5].

While not every instance of cannabis use is harmful, its use contributes to a myriad
of health effects, including immediate harm due to cannabis-induced impairment [6]. An
Australian review of all-cause mortality found cannabis-related deaths due to unintentional
injury were prominent, with decedents using cannabis being three times as likely to die
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from unintentional injury compared with other non-injury cannabis-related causes of
death [7]. In the Ministry of Health’s 2016 NZ Drug Harm Index, cannabis was attributed to
32 deaths in 2014 [8]. Cannabis involvement is commonly documented in transport-related
deaths, with corresponding blood tests showing that in one in three NZ driver fatalities
occurring between 2013 and 2018 the driver had used cannabis [9].

While official data sources report the prevalence of cannabis use and some of the
immediate harms, there is little available description of the circumstances and causes of fatal
injuries involving cannabis in NZ. This data is essential to identify whether interventions
focused on reducing cannabis-related injury in NZ should be targeted. This study aims to
describe the involvement of cannabis use in unintentional injury and assault deaths in NZ
to allow for better understanding of how intervention strategies can address the current
burden of cannabis-related fatal injuries.

2. Materials and Methods
This retrospective population study of cannabis use included those sustaining an

unintentional injury or assault that resulted in a fatality being reported to a coroner. In
broad terms, all deaths in NZ that are ‘sudden’ and ‘unexpected’ are required to be reported
to a coroner for investigation to examine the causes and circumstances of death.

Text-searchable coronial closed case (i.e., cases for which coroners’ findings have
been released) files for NZ were obtained from the National Coronial Information System
(NCIS) hosted by the Victorian Department of Justice and Community Safety, Australia [10].
Coronial case files held by the NCIS typically consist of a summative coroner’s finding,
as well as reports from the police, a pathologist, and from toxicological testing. Using
the NCIS, fatalities that resulted from unintentional injury or assault with a date of death
between 1 January 2012 and 31 December 2016 were selected for review. Cases for review
were restricted to individuals aged between 0 and 84 years at the time of death.

As a first screening step, a subset of all of the deaths that occurred in 2014 was read
in full and used to identify a set of appropriate ‘text words’ (or derivatives of) by which
to systematically identify recording of cannabis use. The final set of text words (cannab*,
tetrahyd*, bong and marij*) was applied to injury deaths held by the NCIS occurring within
2012–2016 to identify all cases where cannabis was recorded within the case file. Those
with a positive free-text digital screen were further reviewed by a trained reviewer (BMcN).
The reviewed case files reporting a ‘negative cannabis screening’ result were removed from
further consideration.

2.1. Case Identification

Reviewed cases were considered ‘cannabis-related’ if cannabis use in the circumstances
of the event leading to the fatal injury was reported in the case file by the coroner, police,
or pathologist. To establish reasonable suspicion that a decedent, or other relevant person
(such as a cannabis-impaired surviving driver), was under the influence of cannabis at the
time of the fatal incident, two criteria were established based on toxicological investigations
(in post mortem toxicology or pathology reports) and/or observational reports of cannabis
consumption, impairment, or the presence of cannabis-related paraphernalia as described
in police or coroners’ reports. A hierarchy of evidence to determine cannabis involvement
was adopted using the following order from highest to lowest quality evidence:

(1) Any positive toxicological test for tetrahydrocannabinol (THC) or metabolites, as a
measure of recent use in blood or urine;

(2) Any observation of cannabis use at, or around, the time of the injury incident;
(3) Any observation of impairment associated with cannabis use at, or around, the

time of the injury incident; or
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(4) Any observation of the presence of cannabis-associated paraphernalia in the imme-
diate vicinity of the incident.

Cases involving the sole use of synthetic cannabis were excluded.

2.2. Measures Used

The coroners’ findings were reviewed to ascertain the coroner’s level of attribution
of cannabis to the death, similar to that used elsewhere [11]. The categories comprised:
‘attributed’, if (a) the cause of death reported by the forensic pathologist was due to cannabis
and/or (b) the coroner documented cannabis as contributing to the death; ‘mentioned’, if
reference to toxicology results was made in the coroner’s findings, but with no comment as
to possible contribution to the death; and (c) ‘not mentioned’, if there was no reference to
toxicology results in the coroner’s findings.

Socio-demographic characteristics including age, sex, and ethnicity were obtained
from the Mortality Collection. As per Ministry of Health ethnicity data protocols, ethnicity
was prioritized into an individual response category for those who had multiple ethnicity
responses; Māori, Pacific Peoples, Asian and other ethnicities, and European [12]. The NZ
Deprivation Index (NZDep2013) was obtained from the small area (meshblock) where the
injury incident occurred; this was categorized into quintiles of socioeconomically deprived
areas ranging from 1–2 (least) to 9–10 (most) [13].

Mechanism of injury, agency of injury, and industry of incident were obtained from
the coroners’ findings and coded using the Type of Occurrence Classification System
(TOOCS-1990) and the Australian NZ Standard Industry Classification (ANZSIC-2006
V1.0.0) [14,15].

Deaths occurring in a work context were determined based on whether the decedent,
at the time of the fatal incident, was working for pay, profit, or in-kind, or on a work
break. This also applied to ‘bystander deaths’ where a person contributing the fatal injury
event (but not the decedent) was under the influence of cannabis, such as a truck driver
on work duty fatally injured in a traffic crash involving a cannabis-impaired driver in a
separate vehicle.

Toxicological findings including the THC status, type of specimen, level of THC,
concomitant substance use, alcohol impairment, and other drugs present were all obtained
from toxicological reports. Cannabis was considered impairing at a level of 3 ng/mL
of blood, consistent with NZ legislation [16]. Any other drugs with a known clinically
significant interaction, as identified by the ‘Drugs.com’ Drugs Information Database [17],
were identified and coded as being present. Common behaviors associated with cannabis
impairment were collected using an observational checklist of symptoms of cannabis
impairment [18]. Behaviors included cannabis odor, slow/sluggish responses, impaired
behaviors, possession of cannabis, possession of cannabis paraphernalia, and cannabis
consumption reported by eyewitnesses.

2.3. Data Analysis

To describe the burden and patterns of cannabis-related fatal injury, frequencies and
percentages were calculated. The risk of cannabis-related fatal injury was calculated
by age group, sex, ethnicity, and socioeconomic deprivation using incidence rates per
100,000 person-years with 95% confidence intervals (95% CI). Population estimates from
the 2006 and 2013 census were obtained from Statistics NZ for those aged less than 85 years
of age with counts for non-census years estimated by linear interpolation and extrapolation.
All analyses were performed using Stata Version 17 SE [19].
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3. Results
3.1. Cases and Population Rates

In the five-year period of this study, 3599 deaths due to unintentional injury or
assault were investigated by coroners in NZ (Figure 1). Of these fatalities, 273 (7.6%)
met the criteria for inclusion: 271 decedents had a toxicological investigation reported,
while a further 2 decedents without a corresponding toxicological investigation had
records that included a mention of cannabis use by either the investigating pathologist,
the police, and/or the coroner. This corresponds to a fatality rate of 1.32 deaths per
100,000 person-years (95% CI 1.17, 1.49).

Figure 1. Flow diagram of case selection: identifying cannabis-related fatalities within coronial
records for intentional and assault injuries during 2012–2016 in those aged 0–84 years, New Zealand.

The coroners’ findings ‘attributed’ cannabis as contributing to the death in 125 (46%) cases,
while in 118 cases (43%) the coroners’ findings only ‘mentioned’ toxicology results without
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further commentary on the possible contribution of cannabis impairment to the fatal
incident (Figure 1).

3.2. Socio-Demographic Characteristics

Cannabis-related fatalities were predominantly aged 15 to 44 years of age (70%) and
male (86%) (Table 1). The rate of cannabis-related fatal injury was 6 times greater in males
compared with females (2.33 compared to 0.38 per 100,000 person-years). While the absolute
number of fatalities was almost identical for European and Indigenous Māori ethnic groups,
the rate for Māori was 3.9 times higher than the other 3 ethnic categories examined (i.e.,
3.67 deaths compared to 0.95 deaths per 100,000 person-years for Europeans). The absolute
numbers and rates of cannabis-related fatal injury also increased with increasing levels of
relative socioeconomic deprivation. The rate of cannabis-related fatal injury was 4.8 times
higher in those living in the most socioeconomically deprived areas (NZDep decile 9–10)
compared with the those living in the least-deprived areas (decile 1–2). The annual number
and rate of cannabis-related fatal injury was relatively stable by year, except for in 2014, which
had a lower absolute number and rate of fatal injury (0.88 deaths per 100,000 person-years).

Table 1. Socio-demographic characteristics of cannabis-related fatal unintentional or assaultive injury
incidents reported to the coroner for those aged 0–84 years, New Zealand, 2012-2016 (n = 273).

Characteristic

Cannabis-Related Fatalities

Number
(n)

Percent
(%)

Rate per 100,000 Person-Years
(95% CI)

Age (years)
<15 8 3 0.18 (0.08, 0.36)

15–24 65 24 2.19 (1.69, 2.79)
25–34 61 22 2.21 (1.69, 2.84)
35–44 66 24 2.29 (1.77, 2.91)
45–54 51 19 1.68 (1.25, 2.20)
55–64 18 7 0.70 (0.42, 1.11)
65–84 <5 <2 0.22 (0.06, 5.60)

Sex
Male 234 86 2.33 (2.04, 2.64)

Female 39 14 0.38 (0.27, 0.51)

Ethnicity
Māori 116 42 3.67 (3.04, 4.41)
Pacific 14 5 0.93 (0.48, 1.63)

Asian and Other 29 11 0.94 (0.78, 1.13)
European 114 42 0.95 (0.64, 1.37)

NZ Deprivation (NZ Dep)
1–2 (Least) 20 7 0.53 (0.32, 0.82)

3–4 30 11 0.75 (0.51, 1.07)
5–6 41 15 1.00 (0.72, 1.36)
7–8 69 25 1.65 (1.28, 2.08)

9–10 (Most) 111 41 2.55 (2.09, 3.07)
Unavailable 2 1

Year
2012 56 21 1.44 (1.09, 1.88)
2013 56 21 1.41 (1.06, 1.83)
2014 36 13 0.88 (0.62, 1.22)
2015 59 22 1.41 (1.07, 1.82)
2016 66 24 1.54 (1.19, 1.96)
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3.3. Toxicology

Cases of cannabis use were predominantly identified from toxicological testing of
blood samples (95%), with 256 (94%) positive cases in decedents and 17 (6%) positive cases
in another involved person other than the decedent (Table 2). Most decedents were screened
for the presence of THC alone (82%); of the 46 for whom THC was quantified, 16 (6%) had
levels of THC at, or above, the impairment threshold of 3 ng/mL. The maximum THC
content reported was 25 ng/mL.

Table 2. Toxicology of cannabis-related fatal unintentional or assaultive injury incidents reported to
the coroner for those aged 0–84 years, New Zealand, 2012–2016 (n = 273).

Characteristic Number (n) Percent (%)

Toxicological THC status
Positive—decedent 256 94

Positive—other involved person 17 6

Type of specimen
Blood 260 95

Blood and/or urine 1 6 2
Not specified 7 3

Level of THC
<3 ng/mL 30 11
≥3 ng/mL 16 6

Screened, not quantified 225 82
Not specified 2 1

Toxicant concomitant combinations
THC alone 88 32

THC and ethanol 127 47
THC, ethanol, and other drugs 19 7

THC and other drugs 39 14

Alcohol impairment
Yes—decedent 146 53

Yes—other relevant person 14 5
No 113 41

Other drugs present 2 (n = 58)
Opioids 51 87

Psychostimulants 6 10
Benzodiazepines 28 48

Antidepressants/Antipsychotics 25 52
Hypnotics 5 9

Emergency therapeutics 4 7
Key: 1—two cases had just urine samples; 2—multiple drugs can contribute to a single death. As a result, the
total number of deaths for the listed drug classes will exceed the total number of drug-related deaths with other
drugs present.

One third of all cannabis-related fatalities reported cannabis (THC) use alone (Table 2).
Alcohol (ethanol) use was the most common concomitant toxicant found in toxico-
logical investigations, with blood or urine alcohol levels reported at impairing levels
(Blood Alcohol Concentration (BAC) ≥ 5 mg/mL) in 57% (146/256) of decedents and
in 82% (14/17) of other persons involved in fatal incidents. Other toxicants were cited
alongside THC in the toxicology report in 58 cases, many with multiple substances, most
commonly opioids (n = 51), benzodiazepines (n = 28), and antidepressants/antipsychotics
(n = 25). Of these, drugs with known clinically significant interactions with cannabis, such
as tramadol, morphine, or codeine, were reported in 52 cases.
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This study additionally collected data on commonly observed behaviors indicating
cannabis impairment. Few observations of cannabis-impaired behaviors were reported
in coronial records, diminishing their utility to determine impairment: 27 (10%) noted
cannabis possession; 13 (5%) cannabis-related objects, such as bongs; 23 (8%) impaired
behaviors; three (1%) slow or sluggish responses; and two (<1%) cases reported the
presence of a cannabis odor. Only 37 (14%) cases mentioned eyewitness reports of
recent consumption in the lead-up to the injury event(s) and 11 (4%) cases included
eyewitness estimation of the time elapsed since cannabis consumption.

3.4. Causes and Circumstances of Death

The context of cannabis use was not reported systematically in the coronial case
files (Table 3). In the few cases where a context of cannabis use was mentioned,
it was regarding dependent or chronic use, particularly when poisonings occurred,
with 15 of 51 poisoning deaths (34%) involving cannabis reported as being in depen-
dent/chronic users.

Table 3. Agency and mechanism of cannabis-related fatal unintentional or assault injury incidents
reported to the coroner for those aged 0–84 years, New Zealand, 2012–2016 (n = 273).

Characteristic Number (n) Percent (%)

Context of cannabis use
No information/not specified 218 80

Recreational 17 6
Dependent/chronic user 35 13

Medicinal 3 1

Mechanism of injury
Assault 4 2

Fall 7 3
Hit by object 25 9

Fire 8 3
Drowning 23 8
Poisoning 56 21

Other 2 1
Vehicle crash 136 50
Aircraft crash 11 4

Missing 1

Agency of injury
Road vehicle 114 42

Non-powered tools and equipment 4 1
Chemical products/substances 51 19

Fire, flame, smoke 17 6
Water 27 10

Other substance 4 1
Roading environment 33 12

Roadside trees/power poles 8 3
Other 15 5

Injury context
Transport 136 50

Work 58 21
Other 79 29
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Table 3. Cont.

Characteristic Number (n) Percent (%)

Contributing factors 1 (top 7) (n = 258)
Failure to keep left/inattention 15 6

Speed/loss of control 97 38
No PPE (i.e., seatbelt, helmet) 29 11

Inexperienced driver 17 7
Fatigue 27 11

Pedestrian 17 7
Illness/disability 56 22

Key: 1—multiple contributing factors can contribute to a single death. As a result, the total number of contributing
factors will differ from the total number of drug-related deaths.

Road transport crashes (n = 134, 50%) were the most prevalent mechanism of cannabis-
related fatal injury in our study, followed by unintentional poisonings (n = 56, 21%) where
cannabis was just one of multiple toxic drugs reported as contributing to the fatality. Only
four cannabis-related injury deaths were due to assault. Mirroring the mechanism of injury,
the most prevalent agency of injury was a vehicle (n = 114, 42%), followed by chemical
substances (n = 51, 19%), and other road environment features (such as road surfaces
and kerbs) (n = 33, 12%). Other than alcohol or drug involvement, the most prevalent
contributing factors included loss of control/speeding vehicle (n = 97, 38%), presence of a
co-morbid illness or disability (n = 56, 22%), lack of Personal Protective Equipment (PPE)
(i.e., not wearing a seatbelt or a helmet) (n = 29, 11%) and fatigue (n = 27, 11%).

3.5. Deaths Occurring in a Road Transport Context

Of the 273 cannabis-related fatal injuries in this study, 136 (50%) fatalities were due to
road transport crashes (Table 1). The coronial record ‘attributed’ cannabis as a significant
contributor to the crash in 63% of these cannabis-related deaths (Table 4). In four of five
transport deaths involving cannabis, the decedent driver of the vehicle had used cannabis
(n = 117, 86%). Bystander deaths, where a driver was killed in a collision with a cannabis-
using driver, were uncommon, with just six deaths occurring in this scenario.

Table 4. Characteristics and toxicology of cannabis-related fatal unintentional injury incidents due to road
vehicle crashes reported to the coroner for those aged 0–84 years, 2012-2016, New Zealand (n = 136).

Characteristic Number (n) Percent (%)

Coroner attribution of cannabis in incident
Attributed 86 63
Mentioned 41 30

Not mentioned 9 7

Road transport role of decedent
Cannabis-using driver/cyclist 118 87

Passenger of cannabis-using driver 12 9
Driver of bystander vehicle 6 4

Single/multiple vehicle involvement
Single vehicle 78 57

Multiple vehicles 58 43

Single vehicle (n = 78)
Light vehicle (car, utility) 59 76

Motor bike/quad bike 17 22
Other 2 2
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Table 4. Cont.

Characteristic Number (n) Percent (%)

Multiple-vehicle crashes (n = 58)
Occupant in light vehicle, vs. heavy 11 19

Two light vehicles 40 69
Other 7 12

Concomitant substances
Solitary THC 56 36

THC and ethanol 67 49
Multiple substances including THC 13 10

Contributing factors 1 (top 5)
Speed/lost control 74 47

Fatigue 25 17
Inexperience 13 9
Lack of PPE 26 18

Road environment 18 12
Key: 1—multiple contributing factors can contribute to a single death. As a result, the total number of contributing
factors will exceed the total number of drug-related deaths.

Over half of the cannabis-related transport crashes involved single vehicles (n = 78,
57%); multiple vehicle crashes mainly involved head-on crashes between two light vehicles
(n = 40, 69%). Concomitant substances were common, especially alcohol in combination
with cannabis, which comprised 49% (n = 67) of these deaths. The main contributing factors,
other than the involvement of alcohol or drugs, included speed/loss of control (n = 74,
47%), followed by fatigue (n = 25, 17%) and absence of PPE (n = 26, 18%), such as a lack of
helmet or seatbelt use.

3.6. Deaths Occurring in a Work Context

Of the 273 cannabis-related fatal injuries in this study, 58 (21%) deaths occurred in
a work context (Table 1), with one third (n = 19) of these fatalities occurring in workers
(Table 5). Over half of these incidents were in non-working bystanders killed due to
another’s work activity: the most common scenario involved cannabis use in a non-working
bystander, who was subsequently involved in a two-vehicle collision with a working heavy
vehicle. Cannabis was directly ‘attributed’ by the coroner to over half of these cannabis-
related deaths (n = 18, 58%).

Patterns of concomitant cannabis use differed from road transport cases, with solitary
cannabis use more common, identified in 60% (n = 35) of work-related cases. Cannabis-
related deaths in workers and commuters had a higher proportion of solitary (THC use
only) cannabis use (68%, n = 13 and 75%, n = 6, respectively).

Transport crashes were the most common mechanism of cannabis-related work
fatality (n = 39, 67%), followed by being hit by a moving object (n = 1, 26%), such as
a falling tree or heavy construction item. A single hot air balloon crash represented
one in five deaths in a work context, involving an impaired worker and 10 bystanders.
Industry, coded to the major industry grouping, was only available for the workers,
with the major industry sectors of Agriculture, Forestry and Fishing (n = 7, 37%), and
Transport, Postal and Warehousing (n = 6, 32%) being most-represented.
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Table 5. Characteristics and toxicology of cannabis-related fatal unintentional injury incidents due to
work reported to the coroner for those aged 0–84 years, 2012-16, New Zealand. (n = 58).

Characteristic
Total Work Cases

(n = 58)
n (%)

Workers
(n = 19)
n (%)

Bystanders
(n = 31)
n (%)

Commuters
(n = 8)
n (%)

Coroner attribution
Attributed 31 (53) 9 (47) 18 (58) 3 (38)
Mentioned 24 (41) 8 (42) 12 (39) 4 (50)

Not mentioned 3 (5) 2 (11) 1 (3) 1 (12)

Mechanism
Hit by moving object 15 (26) 7 (37) 8 (26) 0

Drowned 4 (7) 2 (11) 2 (6) 0
Transport crash 39 (67) 10 (52) 21 (67) 8 (100)

Concomitant substances
THC only (solitary) 35 (60) 13 (68) 16 (52) 6 (75)
THC and ethanol 20 (34) 3 (16) 15 (48) 2 (25)

Multiple substances incl. THC 3 (5) 3 (16) 0 0

Contributing factors 1 (top 4)
Alcohol/drugs 42 (53) 12 (46) 26 (54) 4 (40)

Speed/lost control 15 (19) 5 (19) 6 (13) 4 (40)
Lack of PPE use 4 (5) 4 (15) 3 (6) 2 (20)

Road environment 18 (23) 5 (19) 13 (27) 0

Industry 2

Agriculture, Forestry, Fishing 7 (37)
Transport, Postal, Warehousing 6 (32)

Construction and Other 5 (26)
Missing 1 (5)

Key: 1—multiple contributing factors can contribute to a single death. As a result, the total number of contributing
factors will exceed the total number of drug-related deaths, 2—only coded for workers (excluding bystanders). As
result there are no multiple worker fatality events.

4. Discussion
This is the first national case series examining the causes and circumstances of cannabis

involvement in fatal injuries due to unintentional or assaultive intent in NZ. This study
found cannabis is a frequently detected psychoactive drug in those sustaining fatal injuries,
with just over one in thirteen injury fatalities being cannabis-related. Cannabis use was most
often identified in deaths occurring in the context of road transport crashes, particularly
amongst cannabis-using drivers. Concomitant substance use, especially with alcohol, was
also common. This study provides a broader, independent attribution of cannabis-related
harm than official estimates and indicates cannabis use is an important risk factor for injury,
particularly in road transport settings.

Males are typically over-represented in cannabis-related fatal injuries. Australian
research identified that men were three times as likely to die due to a cannabis-related
fatal injury compared to women [7]. Cannabis-related fatal injuries are rarely examined
by ethnic or deprivation groupings. This study found cannabis use was over-represented
in Indigenous Māori decedents, at a rate over three times higher than that of those
of other ethnic groups. This finding could potentially, or partially, be explained by
structural inequities embedded in the practice of requesting toxicological reports: a
recent report found that Māori are over-represented in requests for toxicology reports,
with 84% of Māori decedents receiving post mortem toxicology testing, compared to only
24% of the NZ European and other ethnic sub-groups [20]. Recorded cannabis use was
found to increase in prevalence with increasing relative socioeconomic deprivation, with

https://doi.org/10.3390/safety12020032

https://doi.org/10.3390/safety12020032


Safety 2026, 12, 32 11 of 16

the rate of cannabis use in those living in the most socioeconomically deprived areas
three times that of the those living in the least-deprived areas. It is possible that systemic
differences in rates of toxicological investigation by relative socioeconomic deprivation
level, like those observed for sex, age, ethnicity, and cause of death, may explain these
findings in part [20]. Combined, these findings point to structural inequities embedded
in the practice of requesting post mortem toxicological testing that may explain the
observed relationships in part.

Cannabis involvement is more commonly researched and documented in transport-
related injury deaths. Cannabis consumption is known to impair the ability to drive a
vehicle safely, with acute cannabis impairment in drivers at least doubling the risk of
crashing a road transport vehicle when compared to unimpaired drivers [21–26]. The
incidence of cannabis use in driver fatalities has therefore been well canvased in numerous
countries, with population-level prevalence estimates over a similar time period to this
study, 2012–2015 from Scotland and 2011 in Ontario, Canada, reporting that around 20% of
driver fatalities involved cannabis use [27,28]. The prevalence of cannabis use in drivers
killed on NZ roads was previously estimated at 32% (2013–2018), predominantly occurring
in male drivers aged 29 to 40 years in incidents involving cars, with little change in incidence
since previous studies covering the period 2004–2009 [9,29]. Our study expands these
estimates by capturing the total burden of transport-related fatalities involving cannabis
by including deaths in passengers and pedestrians alongside driver deaths, although
passenger and pedestrian deaths were less frequent. Our study also found transport
fatalities were the leading cause of unintentional injuries involving cannabis, similar to
recent Australian findings: 50% of those in New Zealand compared with 75% of cannabis-
related unintentional injuries in Australia [7]. Despite public safety concerns of being fatally
injured due to another person’s cannabis-impaired state, bystander deaths were rare, with
the vast majority of deaths occurring in cannabis-using drivers themselves.

Unlike transport-related fatalities, the relationship between cannabis use and work-
related injury has been less frequently researched [30]. A recent Canadian analysis has
estimated that use of cannabis at work increases the risk of a workplace injury two-fold, with
similar increases in risk observed for workers in safety-sensitive and non-safety-sensitive
work [31]. The few national-, state-, or county-level studies reporting available toxicology
testing observed cannabis in 2.3% to 6.7% of worker fatalities [11,32,33], comparable to
that found in our study of 5.0% of worker fatalities for the three years in the period
2012–2014 (12 cannabis-related deaths out of 240 work-related fatalities). Variations in
the prevalence of cannabis-positive cases will be influenced by the frequency of testing,
with many jurisdictions not undertaking toxicological investigations of worker deaths
routinely [32,34]. Few studies have examined the industries represented; however, one
reported cannabis-related fatalities occurring predominantly in the transport, agriculture,
and construction sectors [11], consistent with our study findings.

Our study found most work-related incidents involving cannabis involve transport
scenarios, indicating the need to control and manage overlapping risks to work, road, and
air transport safety posed by cannabis-related impairment, be that of the worker or of
other non-working bystanders. While the injury risks of impairment due to cannabis are
most reported in the context of driving a vehicle, the prevalence of working driver use of
cannabis is uncertain in NZ and elsewhere [35]. What is clear is that occupational driving
is particularly influenced by driver impairment (be that an impaired worker, or in more
common circumstances, impaired non-working drivers), posing another overlapping risk
to be managed using both occupational health and safety and public health approaches. A
recent survey of Canadian workers found 7% reported workplace use of cannabis before or
at work and that this was associated with younger age, lower socioeconomic status, illicit
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substance use, less job visibility and less-restrictive workplace smoking policies, suggesting
workplace social controls can deter workplace cannabis use [36].

Like other studies [7], this study found no deaths due to plant-derived cannabis
poisoning (as opposed to synthetic cannabis). Of those deaths due to poisoning, many
involved multi-drug poisoning of which cannabis was just one of many drugs present
and, likely, not the main contributing toxicant in the fatal poisoning incident. Concomi-
tant use of other substances alongside cannabis is commonly identified amongst injury
fatalities, predominantly concurrent alcohol use [7]. Prior research shows the synergistic
pharmacological effect of cannabis and alcohol has a greater impairing impact on driving
tasks than either substance alone [37–39]. Our study identified concomitant alcohol and
cannabis involvement in 40% of injury deaths where cannabis use was identified; however,
this combination was more common in road transport-related fatalities compared with
work-related fatalities. Comparable research reported 67% of injury deaths in Australia
(2001–2016) involved both alcohol and cannabis, and, like our study, other impairing
opioids, psychostimulants, and benzodiazepines were also reported as present in blood
samples alongside cannabis use [7]. Many of these drugs have known harmful interactions
with cannabis, enhancing the cognitive and physical impairment effects of both drugs [17].
Interventions to avoid cannabis-related deaths due to poisoning or the synergistic influence
of concomitant substances should focus on polysubstance use, especially alcohol.

4.1. Strengths and Limitations

It is a strength that this study uses the full NCIS-held coronial record (including post
mortem and toxicological findings), rather than relying solely on the coroner’s finding
of the level of contribution of alcohol and/or drugs or the death certificate to identify
fatalities where cannabis use is implicated. This study conducted a rigorous review of
cases to identify cannabis involvement, including among bystanders and other significant
individuals, beyond what is typically captured in other datasets, to assess the broader
burden and patterns of cannabis use in injury-related deaths. The estimate obtained in this
study reflects the societal burden of fatal unintentional and assault injury incidents due to
cannabis use, which provides a shared form of impairment and provides a view on a fuller
range of potential harms than other estimates of cannabis-related harm, such as those based
solely on over-dose incidents [40]. It is still, however, considered a conservative measure,
with biases in the requesting of toxicological investigation previously demonstrated [20].

The lack of a universally accepted method of measuring cannabis-related impairment
in real-world situations is a limitation [41]. A positive forensic toxicology result indicating
the presence of cannabis in the body (i.e., recent cannabis use) does not automatically
indicate impairment at the time of a fatal incident, nor does it indicate cannabis’ contribution
to the circumstances of the fatal injury. This study attempted to capture observational
evidence of impairment; however, such observations of altered behavior or observed
recent consumption were often missing from coronial records and this was of limited
value in informing impairment status. In a recent systematic review, measures of cannabis-
related impairment were not reported in any study [30]. Greater reporting of eyewitness
observation of likely impairment as considered in this study in coronial investigations
would progress understanding around impairment at the time of the incident.

A further limitation of this study is that current toxicological investigation practices
in NZ only screen for THC, with many investigations not quantifying the levels of THC
present in the decedent. This situation limits the estimates obtained in this study and
introduces bias when selected sub-populations have different rates of testing; therefore, at
best these estimates should be considered conservative. More consistent and less biased
patterns of toxicological testing would improve the generalizability of these estimates to
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the total burden of fatal injuries. The period examined, 2012–2016, does not include the
subsequent introduction of the medical cannabis legislation and may not reflect current
patterns of cannabis-related fatal injury in NZ. Some studies suggest cannabis-related
fatalities have decreased with the legalization of medicinal use [42] and this needs further
research to establish if similar patterns are observed in NZ.

4.2. Implications

Strategies to reduce the increased risks of fatal injury from cannabis impairment are
clearly needed, especially as many countries move beyond the legalization of medical
cannabis use towards the legalization of recreational use. Interventions should be multi-
faceted to address increased risks in the context of road transport and overlapping risks
additionally imposed by work and concomitant substance use. Any efforts to reduce
driving while under the impairment of illegal or legal cannabis should draw upon the
learning of successful public health and educational efforts to change patterns of drink-
driving in many countries. Enhanced roadside testing, media messaging, and enforcement
regimes can also contribute to decreases in alcohol and/or drug-related deaths involving
road traffic crashes [11]. Broader education about increased injury risks from concomitant
use of drugs, especially alcohol, is also needed to avoid cannabis-related deaths due to
poisoning or the synergistic influence of a concomitant substance, but this can be difficult in
jurisdictions where recreational cannabis use is illegal. Recent work from Canada following
the legalization of recreational cannabis use indicates there is a need for more proactive
education of workers on the risk of workplace cannabis use, alongside comprehensive
workplace cannabis impairment policies and practices [36].

A non-binding referendum on the legalization of cannabis use in NZ was held during
the 2020 general election, resulting in a narrow defeat (48% of voters supported the pro-
posed Cannabis Legalization and Control Bill) [43]. Our study’s findings contribute to the
ongoing public debate about the extent of harm caused by cannabis use and its potential
impact on public safety, such as the increased risks of drug-related traffic crashes amongst
those who drive under the influence of cannabis, alcohol and other impairing drugs. Much
public debate on the legalization of cannabis use is driven by fear of erosion of public safety
without a clear understanding of the level to which these incidents are already occurring in
our society and what the opportunities are to reduce the current burden of cannabis-related
fatal injury. Extensive local evidence on the extent of harms from cannabis use is lacking,
especially regarding the broader influence of cannabis on the wider burden of unintentional
injury. Clear detailed evidence on the causes and circumstances of drug-related fatal injury,
such as those provided by this study, can inform where such legislative and preventive
efforts are required to minimize the immediate injury-related harms from cannabis use.

5. Conclusions
Cannabis use was conservatively estimated as being involved in one in thirteen fatal

injuries between 2012 and 2016. This study identified important injury risks that have
implications for safety countermeasures focused on cannabis use, especially in the context
of driving on public roads and concomitant use of alcohol and other drugs. Overlapping
work and transport circumstances should be managed using both occupational health
and safety and transport safety approaches. Clear detailed evidence on the causes and
circumstances of cannabis-related fatal injury, such as those provided by coronial case files,
can inform where such legislative and preventive efforts are required to minimize the injury
risks from cannabis use. Limitations in data, including missing medicinal cannabis use
and biased patterns of testing, could be overcome with improved coverage of toxicological
testing post mortem.
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