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Summary

Driving a motor vehicle is a complex task, and the driver’s consumption of alcohol or
psychoactive drugs will often negatively influence the driver’s reaction time,
attention, and other cognitive and psychomotor functions, increasing the risk of a
road traffic crash. Other commonly reported risk factors of road traffic crashes are
high speed, drowsy driving, and unsafe road infrastructure. The risk factors
contributing to injury severity or death include unsafe vehicles, inadequate post-

crash care, and non-use of motorcycle helmets or seatbelts.

According to the World Health Organization, about 1.35 million people die each year
as a result of road traffic crashes, whereas about 50 million suffer from non-fatal
injuries. Vehicle safety features, infrastructure, and the quality of medicinal expertise
vary across countries, as well as the prevalence of unsafe driving behaviours,
including driving whilst under the influence of alcohol or psychoactive drugs. The
most effective intervention to lower the number of severe road traffic crashes might
therefore differ across countries. In Norway, the number of fatal road traffic crashes

has declined in the past decades; however, the vision is zero lives lost.

The first aim of the work described in this thesis was to investigate retrospectively
the trends in psychoactive substance use among motor vehicle drivers (including
riders) arrested under suspicion of driving under the influence, and among drivers
and riders fatally injured in road traffic crashes. The second aim was to include data
from crash investigations records on fatally injured drivers and riders, to examine
associations between impairment by alcohol or drugs and other significant driver-
related risk factors of traffic injury. The third aim was to investigate fatal road traffic

crashes for possible trends in crash characteristics and unsafe driving behaviours.

We investigated alcohol and drug use among drivers who had been arrested by the
police for suspicion of driving under the influence; we used national forensic
toxicology data collected in Norway between 1990 and 2015. We also investigated
alcohol and drug use among drivers and riders who were fatally injured in road

\



traffic crashes, in addition to other driver-related unsafe behaviours and crash
characteristics, from 2005 to 2015 using national forensic toxicology data combined

with national data from crash investigations.

In both drivers arrested by the police for suspicion of driving under the influence
and drivers fatally injured, the prevalence of alcohol consumption declined during
the study periods. The prevalence of amphetamine consumption increased among
the oldest arrested drivers, that of cannabis use increased among all age groups and
the most among the youngest drivers, and that of medicinal drug use declined
slightly. Among fatally injured drivers, trends in drug use were not found to be
statistically significant. Drug or alcohol concentrations above limits for graded
sanctions corresponding to a blood alcohol concentration of 0.5 g/kg were found to
be associated with non-use of a seatbelt, speeding prior to the crash, and the lack of a
valid driving licence. Alcohol was associated with all risk factors, whereas some
differences were found across other drug types. A substantial proportion of all
drivers fatally injured in a road traffic crash, including those sober, had not used a
seatbelt or had been speeding inappropriately, but the proportions showed a decline
towards 2015. The prevalence of vehicle safety installations increased significantly
during the study period. The distribution of collision type did not change; head-on
collisions comprised 54% of the fatal crashes both in 2005-2010 and 2011-2015.
Crash characteristics among motorcycle and moped riders deviated slightly from
those found among car and van drivers. Among riders, a blood alcohol concentration
of 0.5 g/kg or more was found to be associated with non-use of a helmet and lack of a

valid driving licence, but not with speeding.

The increasing number of young drivers arrested for driving under the influence of
cannabis is concerning and the situation should be watched closely. Decreasing
proportions of alcohol findings and of speeding and non-use of seatbelts, and
increasing proportions of vehicle safety installations, have accompanied the
decreasing number of deaths from road traffic crashes in Norway. Preventive
measures seem to have had the best effect on young male drivers; death rates did not

decline accordingly among female or older drivers.
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Acronyms, abbreviations, and terminology

6-MAM: 6-monoacetylmorphine (metabolite of heroin)

ABS: Anti-lock braking system

ADHD: Attention deficit hyperactivity disorder

ANPR: Automatic number plate recognition

BAC: Blood alcohol concentration (gram alcohol per kg blood or per litre blood [%o
m/m])

CDB: Cannabidiol (a non-intoxicating component in cannabis)

CI: Confidence interval

Driver: Driver or rider of a motor vehicle

DUI: Driving under the influence

ESC: Electronic stability control

EU: European Union

Forgiving road systems: Roads and roadsides that are designed and built in such a
way as to minimise the risk of injury in cases when the driver accidentally is about to
drive off the road

MDMA: 3,4-methylenedioxymethamphetamine (also called ecstasy)

Motor vehicle: A motorised carriage used on roads for the transportation of
passengers, property, or cargo (e.g. motorcycles, cars, trucks, and buses)

OECD: Organization for Economic Co-operation and Development

OR: Odds ratio

REC: Regional Committees for Medical and Health Research Ethics

Road fatality: Death immediately or within 30 days after a road traffic crash,
excluding confirmed suicides

Road traffic injury: Fatal or non-fatal injuries incurred from a road traffic crash
Road traffic crash: Collision with another vehicle or object

Speeding: Exceeding the posted speed limits or driving faster than the prevailing
conditions allow

THC: Tetrahydrocannabinol (the main psychoactive component in cannabis)

UK: United Kingdom

US: United States of America



WHO: World Health Organization
Z-hypnotics: The sleeping agents zolpidem and zopiclone, which are the z-hypnotics

marketed in Norway

The terms ‘drug driving’ and ‘drink driving’ are used in this thesis to refer to drivers
who are driving relatively shortly after use of psychoactive drugs or alcohol,
respectively, implying that the substance could be detected if the drivers’ blood is
collected and analysed. When the police suspect ‘drug driving’ or ‘drink driving’
according to the Road Traffic Act, the term ‘suspected of driving under the influence
(DUI)’ is used; when a drug or alcohol concentration above legal limits defined in the
Road Traffic Act is confirmed, the term ‘DUI offender’ is used. All these terms include,
but are not limited to, the cases when the driver’s driving skills are impaired by the

substances used, referred to as ‘drug-impaired’ or ‘alcohol-impaired’ driving.
Throughout the text, ‘drivers’ include motor vehicle drivers and riders, if not

specified otherwise. The terms ‘driving under the influence’ and ‘driver-related risk

factors’ include both drivers and riders.
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Overview of this thesis

The work presented in this thesis is based on data recorded in national forensic
databases and crash registers; the results include trends in and characteristics of
psychoactive substance use and other significant unsafe driving behaviours recorded
among drivers (including riders) either arrested under suspicion of driving under
the influence or fatally injured in road traffic crashes in Norway. Drivers’ knowledge,
perceived risks, or attitudes to risk-taking behaviours or driving after using alcohol
or drugs have not been studied, although these factors are important to elucidating

the reasons for road traffic crash involvement.

Chapter 1 introduces the factors related to the driver, vehicle, and environment
that may increase the risk for involvement in a road traffic crash or
severe injury when involved in a crash, with particular focus on driver-
related risk factors, including the use of alcohol and psychoactive
drugs. Global trends in road fatalities are presented, followed by a
description of local trends in Norway. This chapter ends with a
description of knowledge gaps in the literature, regarding the trends in
and characteristics of unsafe driving, including driving under the

influence of drugs or alcohol, the main focus of this study.

Chapter 2 presents the general and specific aims of this study.

Chapter 3  summarises the methods used to collect, link, and analyse register data.
This chapter includes a section on the relevant ethical and legal

aspects.

Chapter 4  presents the main results of the study, and how each individual paper
relates to the study aims. In addition, information relevant to the study
aims that was not presented in the papers is included here as

additional results.
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Chapter 5  includes a discussion of the main results from the papers: how they
relate to one another and how they as a whole elucidate the study aims.
The new knowledge found is compared with existing knowledge and
literature. This chapter ends with a critical evaluation of the methods

used in the study and the validity of the results.

Chapter 6 summarises the main conclusions from this study. In addition, future
perspectives and suggested actions are presented and briefly
discussed.

Chapter 7 lists all references cited in this thesis.

Chapter 8 includes the appendices Papers [-1V, supplementary material, and an

errata list related to the papers.
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1 Introduction

Driving a motor vehicle is a complex task, and the driver’s use of alcohol or
psychoactive drugs will often negatively influence their reaction time, attention, and
other cognitive and psychomotor functions, increasing the risk of a road traffic crash.
Other commonly reported risk factors of road traffic crashes are high speed,
distracted or drowsy/fatigued driving, and unsafe road infrastructure. The risk
factors contributing to injury severity or death include unsafe vehicles, inadequate
post-crash care, and non-use of motorcycle helmets or seatbelts (1). Drug and drink
driving and the other mentioned risk factors have been of concern to traffic safety in

decades but continue to cause or contribute to road fatalities worldwide.

Several high-income countries have implemented strategic plans and road safety
interventions in the past decades to increase traffic safety (1). The European Union
(EU) has developed road safety action programmes, e.g. for the periods 2001-2010
and 2011-2020, measures have included concrete actions and specific targets, with
member states being encouraged to participate (2). In Norway, a strategy called
Vision Zero was implemented in 2001, based on a Swedish initiative in 1997, aiming
at working towards a future in which no-one will be killed or seriously injured in
road traffic crashes (3). The Vision Zero strategy was followed by an action plan for
enhanced road safety (4). Decreasing numbers of fatal road traffic crashes have been
reported in all EU countries in 2000-2015 (5), indicating that the preventive
measures have been successful. Fatality numbers have also decreased in Norway and
other non-EU high-income countries, such as the United States of America (US),
Canada, and Australia (5). Improvements in medical care and technology have most
likely contributed to the declining fatality rates (6, 7). Whether or not the decreasing
rates also are due to changes in driving behaviours/attitude is more difficult to

determine; human factors remain the most common cause of road traffic crashes (6).



1.1 Risk factors of road traffic injury

1.1.1 Haddon Matrix

William Haddon Jr. published a model, now known as the ‘Haddon matrix’, where the
risk factors of motor vehicle traffic injury are categorised into human,
vehicles/equipment, or environmental. These categories are further defined within
the three crash phases of pre-crash, during crash, and post-crash (8). The pre-crash
risk factors are those that, if prevented, will hinder the crashes from occurring; the
during-crash risk factors are those that, if prevented, will decrease the injury
severity among those involved in a crash; and the post-crash risk factors are those
that, if prevented, will increase the chance of survival after involvement in a crash.
The Haddon matrix has been useful for the understanding of the complexity of road
traffic crashes, and is a handy tool when making strategies for reducing traffic injury

(9). An example of such a matrix is given in Table 1.
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1.1.2 Human risk factors

A study by the National Highway Traffic Safety Administration in the US investigated
pre-crash events and associated factors critical for the occurrence of 5,470 road
traffic crashes, primarily based on data derived from police accident reports. They
found the significant reason for the crashes to be the driver in 94% of the cases. The
most prevalent factors were inattention, distractions, speeding, and wrong decisions
(12). Another study using filmed pre-crash situations in 905 crashes leading to
injury and property damage in the US revealed that driver-related factors, such as
fatigue, impairment, errors, and distraction were present in 88% of the crashes; only
0.1% involved some form of vehicle failure (13). The described studies indicate that
human risk factors are almost always significant contributing causes of road traffic

crashes.

Drug/alcohol-impaired driving

Crash involvement owing to impairment by alcohol or drugs might be difficult to
reveal when using filmed pre-crash situations and during post-crash investigation
without analysing biological samples. Although not identified in the studies
mentioned in the previous section, driving under the influence (DUI) of psychoactive
drugs and alcohol pose a high risk of road traffic crash involvement (14). Indeed, the
European Transport Safety Council has estimated that at least 5,120 deaths would
have been prevented in the EU in 2016 if no drivers had been DUI of alcohol (15).
Psychoactive drugs and alcohol reduce cognitive and psychomotor functions, and
may reduce driving performance, depending on dose; they are included in the
Haddon matrix as human pre-crash risk factors (Table 1). Alcohol may also increase
injury severity. It has been associated with longer recovery time in hospital and
more injuries after road traffic crash involvement, according to studies comparing
impaired and sober drivers involved in similar crashes (16-18). Alcohol is therefore
also a post-crash risk factor (Table 1). The negative effects of alcohol and

psychoactive drugs on driving performance are explained in section 1.2.

In some cases, the reasons for DUI of alcohol or other psychoactive drugs can be

traced to substance use problems, as explained by some Danish convicted drink
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drivers during interviews: When drunk, they do not think of consequences, and
driving is a routine behaviour; hence, drink driving has become a routine behaviour
(19). Indeed, previous epidemiological studies in Norway have found that a large
proportion of drivers arrested for drink driving are heavy drinkers (20, 21).
Norwegian studies have also revealed that recidivism is common among drivers
arrested under suspicion of DUI of alcohol or drugs (22, 23). When including
previous criminal record for other types of offences, 82% of the drivers arrested in
Norway in 2009 for drink or drug driving had at least one previous criminal record;
one-third of the records were related to crime for profit (24). Some of the convicted
Danish drivers in the qualitative study did not consider their drinking problematic,
rather normal in their environment, and believed that their driving performance is
good after drinking (19). Whether the convicted drink drivers ‘negotiate guilt and
blame by either justifying their DUI (they were “in full control” and hence did not
risk other people's lives) or excusing it (they had “lost control” over their alcohol
and/or drug intake and therefore did not engage in DUI of their own free will)’,

might influence the risk of repeated drink driving after arrest (19).

DUI of alcohol or drugs could also be related to factors other than sub-culture or
susceptibility to addiction. Examples are life-changing events, such as loss of job or
divorce. In addition, people with a lower social position are more prone to drive after
drinking. Examples of lower social position found in a Finnish study were a low level
of education, unemployment, living alone, and being divorced; among young
adolescents (15-24 years), low parental education and income predicted drink
driving (25). Furthermore, mental disorders, including depressive, anxiety, and
alcohol or drug use disorders, have been found to be more common among drivers
arrested under suspicion of drug or drink driving, compared with the general

Finnish population (26).

Speeding
Speeding is one of the most frequently reported significant pre-crash human risk
factors of traffic injury. Speeding may be defined as travelling too fast for the

conditions or in excess of the posted speed limits, including hazardous driving. High
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and inappropriate speed has been estimated to contribute to about 30% of road
fatalities in high-income countries, and about 50% of road fatalities in low- and
middle-income countries (27). High speed negatively influences both crash risk and
crash outcome, and also reduces the time available to react to unexpected events

(28).

The risk of being involved in a crash within rural 60 km/h zones has been found to
double or more for each increase of 5 km/h of travelling speed above the speed limit,
compared with when driving at 60 km/h (1). Furthermore, even only a small
increase in speed could result in a major increase in risk of injury in a hypothetical
collision, because the energy involved in a collision varies with the square of the
velocity (28), and the human body is vulnerable to forces released in a crash. In a
meta-analysis, Elvik et al. (29) confirmed a power model proposed by Géran Nilsson,
in which the relative change in the number of injured road users or crashes is a
function of the relative change in the mean speed of traffic raised to an exponent that
increases with the injury or crash severity. This means that reducing speed has an

effect on all severity levels but especially on reducing fatal crashes.

Reducing high speed is especially important in populated areas and cities, where
roads are shared between motor vehicles and vulnerable road users. Strong speed
enforcement could be an effective measure for reducing mean speed. An alternative
measure would be to design the roads and streets such that high speed is
disfavoured. On highways, however, a forgiving road design might be a solution
instead of reducing the driving speed. A forgiving road design includes such elements
as wide road shoulders, warning rumble strips and physical separation from traffic
in the opposite direction, and no dangerous roadside objects, all of which help
prevent crashes or injury if a driver makes a mistake and drives out of the travel line
(30). A drawback is the reported risk of more drivers driving above the relatively
high speed limits on motorways if the road designs look/appear safe to the driver
(31). Speed enforcement therefore seems relevant even on the safest motorways.
Other factors influencing the driver’s choice of speed could be surface quality, vehicle

power, traffic density, and weather conditions (1).
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Non-use of a seatbelt/helmet

Failure to use a seatbelt or a helmet is the most commonly reported human during-
crash risk factor of severe injury or death (Table 1). Seatbelts have been found to be
about 40% to 50% effective in preventing serious injuries and fatalities for front seat
drivers and passengers involved in crashes, and about 25% effective in preventing
serious and fatal injuries for passengers in rear seats. An estimated 15,200 road
deaths in the US were prevented in 2004 solely by seatbelt use, in crashes in which
the vehicle occupants would otherwise have died (32). For crash-involved
motorcyclists, use of a helmet has been found to reduce serious and fatal head

injuries by 20% to 45% (1).

Use of seatbelts also reduces the risk of injury when driving at low speed. There is
always a risk of being involved in a collision caused by other drivers, where the
injury severity of the car occupants driving without a seatbelt will depend, to a large
degree, on the speed of the other vehicle. In addition, when involved in even a minor
crash, the driver or passenger not using a seatbelt could be severely injured by the

airbag when/if it inflates (33, 34).

One of the reasons for the non-use of seatbelts might be that the car occupant has not
fully understood the risks. When it comes to seatbelt use, only an estimated 88% and
74% of car occupants in front and rear seats, respectively, use a seatbelt in the EU,
despite seatbelt laws across the EU (35). A study compared the self-reported seatbelt
use among university students from 13 European countries in 1990 and 2000 (36).
Seatbelt use increased by about 10% in total; the increase was between 24% and
64% in countries where legislation or enforcement related to seatbelt use had been
improved during the study period (36). Hence, legislation and enforcement are
important for the prevalence of seatbelt use. In addition, the study highlighted the
importance of individual belief in the effect of seatbelt use for the use of the same
(36). Convenience might have an additional effect. Seatbelt reminders, which from
September 2019 became a requirement in all car occupant seats in new cars sold in

the EU (35), is likely to have a positive effect on the prevalence of seatbelt use
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because of the annoying sound that rings until the seatbelt is fastened. Seatbelt
reminders have already been installed in many new cars sold during the past years,

and a positive effect on seatbelt use has been found (37).

1.1.3 Vehicle-related risk factors

Vehicle defects are relatively rarely a contributing pre-crash reason for road traffic
crashes (about 3% of road traffic crashes in high-income countries according to the
World Health Organization (WHO)), but vehicle design highly influences the severity
of human crash injuries during crash and post-crash (1). Vehicle safety, however, has

improved during the past decades, especially in high-income countries.

Important improvements in vehicle design in the second part of the 20t century
were the three-point seatbelt, airbag, and crashworthy design that aimed at
protecting the car occupants (38). In the 1990s, improved versions of anti-lock
braking systems (ABS) had become standard in most new cars, and a system called
electronic stability control (ESC) increased in prevalence in new cars sold in the late
1990s. ESC systems use ABS as a foundation to add technology that can sense, and
then prevent, when loss of control of the vehicle is about to happen (39). From 1997,
the European New Car Assessment Programme (Euro NCAP) provided publicly
available safety performance tests and ratings of new cars sold in Europe, which
could be surmised to have contributed to further improvements in vehicle safety
features (40). In addition, EU directives on frontal and side impact protection have

contributed to improved car occupant protection in new cars (1).

Cars designed between 2000 and 2010 have been proven safer for car occupants
than those designed in 1980-1999; a study based on French crash data noted an
almost 50% decrease in the frequency of severe injuries for belted occupants in
newer cars compared with older cars (41). A Danish study also found that newer car
generations are associated with lower probability of injury and fatality (42). A study
in France investigated decreasing trends during 2000-2009 in both road fatalities
and seriously injured car occupants and pedestrians; 72% of the lives and injuries

saved could be explained by safety measures implemented during the same time
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period, whereas 11% could be directly attributed to improved vehicle safety

technologies (38).

1.1.4 Environmental risk factors

The environmental risk factors of traffic injury are in the Haddon matrix categorised
as physical or socioeconomic factors (Table 1). Included in the socioeconomic risk
factors is the lack of comprehensive traffic safety laws. According to WHO, only 28
countries, representing 7% of the world’s population, had laws in 2013 against all of
the risk factors speeding, drink driving, and non-use of seatbelts/helmets and child
restraints (43). In high-income countries, traffic laws, enforcement, vehicle design
regulations, and emergency systems are often quite good, reducing the significance
of the socioeconomic environmental risk factors of traffic injury (Table 1). In
addition, road standards are high in general. However, environmental risk factors,
both socioeconomic and physical, are often significant or contributing causes of road
fatalities in low- and middle-income countries. Vehicle safety features that are
standard in new cars in high-income countries are often not standard fittings in
vehicles in low-income countries owing to lack of vehicle design regulations (1).
About 50% of the roads in low- and middle-income countries are classified as falling
under the highest risk category based on inspections/assessments done by
International Road Assessment Programme partners; 84% of the roads assessed
where pedestrians were present had no footpaths (43). The absence of footpaths, in
addition to a high share of pedestrians and cyclists compared with cars and buses in
low-income countries, can explain the majority of road injuries occurring to
vulnerable road users outside vehicles in low-income countries (1). This is in
contrast to the trend in high-income countries, like Norway, where the majority of

both road fatalities and severe injuries occur to car occupants (44).

Although environmental risk factors constitute a less significant problem in high-
income countries, road quality and safety do vary both within and between high-
income countries. Optimizing all roads comes at a high economic cost (45). Increased
use of automatic speed enforcement systems could be an alternative for reducing the

risk of traffic injury on roads that are less safe by design, as in the typical Norwegian
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rural road shown in Figure 1. According to the Organization for Economic Co-
operation and Development (OECD), Norway was the third wealthiest country per
capita in 2002, after the US and Luxemburg, and yet Norway lagged most other
industrialised countries by about 30-60 years in 2005 when considering the
prevalence of constructed modern trunk roads and motorways, which are the safest
types of roads (46). However, many of the Norwegian roads have been significantly
improved in the years following the implementation of Vision Zero in 2001,
especially in terms of the physical separation of vehicles (47) and making roads safer
by the use of efficient speed enforcement camera systems (48). In France, the
implementation of automatic speed camera enforcement was found to be the major
reason for the decline in road fatalities and severe injuries in 2000-2009 (38). Soole
et al. (49) summarised their review article on average speed enforcement as follows:
‘Although comparatively expensive, average speed enforcement is a highly reliable
and cost-effective approach to speed enforcement that is able to produce
considerable returns on investment through reduced social and economic costs

associated with crashes’.

Figure 1: A road in southern Norway. Photo: Wikimedia Commons (Riksvei 36 in

Seljord by Peter Fiskerstrand [CC BY-SA 4.0]).

10



1.1.5 Aspects regarding traffic injury prevention

In theory, most risk factors of traffic injury can be eliminated or reduced by
improving the road systems, enhancing vehicle safety design, and implementing
strong enforcement for unsafe driving. Uniform improvements, however, will not
benefit all drivers equally; an example is that crash-involved older drivers and
female drivers have been found to sustain significantly more severe injuries than
younger drivers and male drivers, when comparing equal types of road traffic
crashes (50, 51). Human factors like old age and illness will influence the risks of
traffic injuries but cannot be directly prevented. Special preventive measures might

therefore be necessary for some groups within the population.

In high-income countries, where road and vehicle standards are already at a fairly
good level, spending resources on reducing the human risk factors of traffic injury
might be necessary to reduce further the number of road traffic deaths. More
extensive use of average-speed camera systems is likely to have a positive effect on
both speed and traffic injury on roads where installed (38, 49). Camera systems
might also detect non-use of seatbelts among drivers and passengers, and
automatically identify the vehicle and send out a fine to the car owner. Such an
approach to seatbelt enforcement is likely to be more efficient than the current
practice, as the chance of being punished for non-use increases. These systems are
still developing, but roadside cameras that can detect non-use of a seatbelt in the
driver’s seat was installed in 2017 in Spain (52); instalment of similar cameras in
Saudi Arabia has been shown to increase the prevalence of seatbelt use (53). Such
systems, however, come at a high economic cost, and issues related to privacy and

storage of sensitive data need to be resolved as well.

The strong enforcement of road traffic laws is based on the traditional deterrence
theory that criminal activity could be avoided if people fear being punished (54).
Strong enforcement, fines, and prison sentences might prevent many drivers from
breaking traffic laws but might not have the same preventive effect on all drivers. As
described by Lee (55), ‘for punishment to deter crime, a potential offender must have

the mental capacity to grasp the consequences of [their] actions’. When intoxicated
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by psychoactive drugs or alcohol, the driver’s capacity for rational thinking might be
reduced, leading to an underestimation of the negative consequences of unsafe
driving, risk of causing a road traffic crash with injuries, and risk of economic loss or
imprisonment. For some drivers, other types of sanctions, like compulsory education
programmes for those arrested for unsafe driving, might have a better effect at

preventing repeated offences.

In some cases, the reasons for breaking traffic laws, including speed limit and
seatbelt laws, could be impulsivity or low anger management, suicidal thoughts, or a
general high risk-taking personality. Some risk factors might also be related, such as
being young male, illicit drug use, and risk-taking personality or culture. A study
comparing toxicological findings in drivers killed in road traffic crashes in 2001-
2002 in four northern European countries found that a 66% of the youngest drivers
had used psychoactive substances shortly before driving (56). These fatalities might
have been related to the effects of the substances used in combination with unsafe
driving as a consequence of risk-taking behaviour or culture. However, there are no
adequate methods or systems for identifying people at high risk of drug/drink

driving prior to crash involvement or arresting for observed unsafe driving.
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1.2. Substances that may increase the risk of a road traffic crash

When investigating substances that may increase the risk of crash, researchers have
used both observational and experimental designs; both have their advantages and
limitations. The main difference is that in experimental studies, the researchers
intervene, such as by administration of a psychoactive substance before testing
driving performance, whereas in observational studies, the researchers only observe
their study subjects in their natural setting (57). The associations found between
substance use and crash involvement, in observational studies, will not only be
influenced by the effects of the detected substances; factors related to the substance
user are likely to influence the crash risk. Controlling with potential confounding
variables is difficult in observational studies; therefore, researchers should be
careful not to interpret associations found in observational studies as causal (58).
Experimental studies have the benefit of the ability to control factors other than the
studied effects of drug or alcohol, thereby potentially revealing the causal effects of
the substances investigated (59, 60). The drug concentrations and combinations
administered to volunteers in experimental studies will, in many cases, be lower and
different than those being used by drug and drink drivers present in everyday road
traffic, for ethical reasons. Therefore, the impairing effects of substance use found in
experimental studies may not always reflect all risks associated with those

substances in everyday road traffic (61).

After alcohol, cannabis is the most frequently detected psychoactive substance
among crash-involved drivers, followed by benzodiazepines, cocaine, amphetamines,
and opioids (62, 63). Use of substances within all these drug classes have been found
to be associated with increased crash risk in observational studies (61, 64, 65) and to
negatively affect driving ability in experimental studies (63, 66). Meanwhile, drugs
like antidepressants, antipsychotics, antihistamines, and anticonvulsants may also
affect the ability to drive safely, but these play a minor role in road traffic crashes

(67-69).
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The substances most frequently detected in road traffic crashes might not
necessarily be those posing the highest risk of injury to drivers. The Driving Under
the Influence of Drugs, Alcohol and Medicines (DRUID) project conducted an
observational study that calculated the risks of drivers getting seriously injured or
killed when DUI of different substances: they found high blood alcohol concentration
(BAC) (>1.2g/L) and alcohol combined with other psychoactive drugs to pose a 20-
200 times higher risk compared with driving sober (70). A 5-30 times higher risk of
serious injury or death was found for drivers with medium BAC (0.8-1.2 g/L) or who
consumed amphetamines or a combination of multiple psychoactive drugs. Medium
increased risk (2-10 times that of sober drivers) was found for BAC between 0.5-0.8
g/L or consumption of cocaine, illicit opiates, medicinal opioids, benzodiazepines, or
z-hypnotics. A relatively low risk of severe injury or death (1-3 times) was found for

drivers with low BAC (<0.5 g/L) or who had used cannabis.

1.2.1 Alcohol

The adverse effect of alcohol (ethanol) on driving skills was already commented on
in 1904, and studies performed over the subsequent decades have produced
overwhelming evidence that alcohol significantly impairs driving performance (16,
71-74). In experimental laboratory studies, alcohol has been found to reduce
reaction time and the ability to maintain a position on a road/lane, as well as to
divide attention between multiple sources of information and operations (16, 62,
71). Alcohol impairs driving performance in a dose response manner, as revealed in
experimental field and observational studies (16, 62, 71, 72, 75). The risk of crash
involvement starts to increase significantly at a BAC of 0.4 g/L (73, 76). However,
individual differences have been noted in performance at the same BAC levels (16),
and the risk of crash involvement depends not only on the BAC level but also on the
frequency of drinking (75), as well as whether the BAC level is increasing or

decreasing, with the latter associated with acute alcohol tolerance (77, 78).

1.2.2 Cannabis
Experimental studies have generally shown that use of cannabis impairs cognitive

and psychomotor skills central in driving performance, both among regular and non-
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regular users. The documented impairing effects include reduced attention, reduced
memory function, longer reaction time, and reduced ability to maintain the correct
road position, and tend to be dose related (62, 66, 69, 79-81). The level of cannabis-
induced impairment varies among individuals, dependent on the tolerance level,
which might improve with frequent use (69, 82, 83). The effects of cannabis also vary
with the route of administration and individual vulnerability to psychoactive effects

(69).

Observational studies might appear inconclusive regarding the road traffic crash risk
of cannabis. However, several studies investigating the effect of cannabis on road
traffic crash involvement have failed at or not focused on distinguishing between
acute cannabis intoxication and recent use of cannabis (58, 81, 84). The
concentration of tetrahydrocannabinol (THC; the main psychoactive compound in
cannabis) in the blood increases to maximum immediately after smoking and then
drops quickly, whereas the impairing effects might last a few hours (85). Traces of
THC may be detected in blood samples for several hours longer, for up to several
days among frequent users, without causing significant impairment (86, 87).
Cannabinoid metabolites in urine or blood/plasma will not reflect impairment; they
only show that cannabis was used recently (79, 88). In addition, even when using an
adequate lower limit of concentration for inclusion, the often long period from arrest
for cannabis-impaired driving to blood sample collection may contribute to an

underestimation of the effect of cannabis on driving performance (85, 89).

1.2.3 Stimulants

Stimulants are popular drugs of abuse, and are also used for the treatment of
attention deficit hyperactivity disorder (ADHD) and narcolepsy, particularly
amphetamine (racemic amphetamine and dextroamphetamine) and
methylphenidate; methamphetamine has also been used in this manner (90-93).
These prescription drugs are in the US classified as Schedule II drugs under the
Controlled Substances Act because of their high potential for abuse and addiction

(94, 95).
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Amphetamines and cocaine are among the most common stimulants with abuse
potential that are frequently detected among drivers (69). These drugs are described
in more detail in the next sections, along with 3,4-methylenedioxymethamphetamine
(MDMA; ecstasy), a stimulant drug more often used in settings like music festivals
and nightclubs (96-99). Non-medical use of stimulants will generally increase
alertness, mood, and energy, at initial use, but could lead to adverse effects at higher
doses or after chronic use (100-103). Stimulants may impair the ability to drive
safely both during the acute stimulating phase and during withdrawal after repeated
intake or binging (101, 104). There is, for ethical reasons, a lack of experimental

studies that test driving performance at high concentrations of stimulants.

Amphetamines

Small doses of amphetamines (amphetamine and methamphetamine) might improve
psychomotor skills, but some studies have reported that use may reduce divided
attention, meaning that the driver’s ability to attend to potential unforeseen hazards
is reduced (69). The chemical structure of methamphetamine is similar to that of
amphetamine except for an extra methyl group. Methamphetamine seems to be
slightly more potent or act for a longer time than amphetamine, but their effects are
almost indistinguishable (105-107). The use of higher doses of amphetamines often
cause euphoria, feelings of increased physical and mental capacity, and rapid flow of
ideas (63), but after repeated administration, euphoria will eventually be substituted
with anxiety, bad mood, and even hallucinations and paranoia. Such a trip often ends
with fatigue, exhaustion, and psychosis when the drug is cleared from the body
(101). In experimental studies, the doses used have been too low to be
representative of amphetamine misuse (69). Observational studies show significant
associations between higher concentrations of amphetamine and increased risk of

road traffic crash (61) and road traffic injury (70, 108).

MDMA
MDMA is structurally similar to amphetamine, but an attached methylenedioxy
group gives the drug hallucinogenic effects in addition to stimulant effects (100).

Kuypers et al. (109) tested the effects of MDMA during the night and early in the
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morning after a night of sleep deprivation. They found that MDMA slows reaction
time and impairs performance in critical tracking and divided attention tasks,
whereas performance in some other tasks is not affected or improved. The
participants with MDMA felt less sleepy during the night, compared with those
administered with placebo. In another experimental study, actual driving tests were
conducted in the evening and in the morning after a night of sleep loss. MDMA did
not affect actual driving performance but also did not compensate for the impairing
effects of sleep loss (110). The implications might be that MDMA users decide to
drive after staying up all night, because they feel energetic or alert, not being able to
experience the impairing effects of sleep deprivation to the same degree as drug-free
drivers (110). An observational study design may not distinguish the possible

impairing effects of MDMA from those of sleep deprivation.

Cocaine

The effects of cocaine use resemble those of amphetamines, which at initial use
increase alertness, mood, and energy, but at higher doses or after chronic use lead to
adverse effects like restlessness, paranoia, and sleeplessness (100). Cocaine has been
found to improve the ability to maintain attention and alertness over prolonged
periods of time, but also impair complex decision making and increase risk taking
behaviour (63). In some but not all observational studies, cocaine has been found to
be associated with road traffic crash involvement; the associations found have been
weaker compared with amphetamines (61). Cocaine has a short half-life and is
metabolised to several metabolites (100), which poses a challenge to the study of
cocaine’s effects on crash involvement in observational studies that use drug tests.
Stoduto et al. (111) found past-year self-reported collision involvement to be twice

as prevalent among cocaine users compared with non-users.

1.2.4 Medicinal drugs

Benzodiazepines and z-hypnotics are often prescribed for treatment of insomnia and
anxiety-related disorders (112, 113). Opioids are often prescribed for acute and
chronic pain relief (114). However, these medicinal drugs are relatively often

misused, either by use of higher doses than prescribed or by combining with other
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drugs. The drugs might also be obtained from illegal sources. Therapeutic use of
some medicinal substances might also lead to reduced driving performance. Dose-
related impairment has been documented for benzodiazepines, z-hypnotics, and

some opioids (115, 116).

Benzodiazepines

Benzodiazepines have sedative effects and can adversely affect driving performance
(64, 117-119). The magnitude of impairment might decrease over time when
benzodiazepine drugs are used in more than three to four weeks. Despite the
assumed reduced impairment owing to tolerance, elevated risk of road traffic crash
has been found after one year of benzodiazepine use (118). The adverse effects most
frequently encountered among users of benzodiazepines are impaired mental or
motor functions, light-headedness, and drowsiness. Impairment the next morning,
however, depends on the dose taken and time interval since the last dose, in addition
to the half-life of the drug. Short-acting benzodiazepines, namely, triazolam and
midazolam, are the least likely to have impairing effects in the morning. Meanwhile,
examples of medium-acting benzodiazepines are alprazolam, bromazepam, and
oxazepam; and examples of long-acting benzodiazepines are clonazepam, diazepam,

flunitrazepam, and nitrazepam (69).

Z-hypnotics

Prescription of benzodiazepines as hypnotic drugs has been reduced in many
countries during the past decade, whereas prescription of other hypnotics has
increased. Z-hypnotics, including zopiclone, zolpidem, and zaleplon, have sedative
effects and are pharmacologically similar to benzodiazepines; they were developed
to improve the traditional benzodiazepine hypnotics. However, the introduction of
zopiclone turned out to be of no improvement of road traffic safety, as determined by
several on-the-road studies (120, 121). Deviation of lateral position (weaving of the
car) has been reported (69). Zopiclone has an intermediate half-life, whereas
zolpidem has a short half-life (119). Zolpidem is therefore less likely to cause next-
morning impairment. Even so, zolpidem taken in the evening has been found to

cause occasional next-morning driving impairment, especially in women (121).
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Opioids

Opioids, such as morphine, hydrocodone, codeine, and oxycodone, are often
prescribed for pain relief. Methadone and buprenorphine are also used to reduce
pain and in the treatment of former heroin addicts with opioid maintenance therapy.
Heroin is an illegal opioid no longer used in treatment; chronic heroin use might
have long-lasting effects on driving performance, including both reduced cognitive
and psychomotor skills (69). Other opioids used in medicinal treatment are also
relatively frequently abused. Regardless of the purpose of use, opioids may induce
sedation and sleep, in addition to pupillary constriction, and thus might result in
reduced driving performance (114). Mailis-Gagnon et al. (122) concluded in a review
that ‘the commonly held concept that chronic pain patients on stable opioids can
safely drive cannot be generalised to all such patients in everyday practice, but may
be applicable to only a subset who meet certain criteria’. Untreated chronic pain

might however also lead to reduced driving performance.

Single-dose administration of morphine to healthy volunteers has not been found to
impair psychomotor skills in some experimental studies reviewed, although
impairment in attention, reaction time, and visual functions were noted in some of
the studies (123). According to another review, experimental studies on codeine,
methadone, morphine, and oxycodone have shown that use of opioids is likely to
impair functions like divided attention, which is relevant when driving; impairment
tends to be more pronounced in individuals with no history of opioid use (124).
Strand et al. (125) confirmed that buprenorphine and methadone have impairing
potential in opioid-naive subjects. Heroin in the blood is rapidly converted to 6-
monoacetylmorphine (6-MAM), which thereafter more slowly metabolises to the
main psychoactive substance morphine. Heroin is therefore difficult to detect and

study (69).

1.2.5 Combined substance use
The simultaneous use of two or more psychoactive substances may increase the risk

of both road traffic crash involvement and health implications. According to
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observational studies, combined substance use, including drug-drug and drug-
alcohol combinations, is quite common among drivers apprehended by the police for
suspicion of substance use (23, 126, 127) and among substance-positive seriously
injured and fatally injured drivers (128, 129). Meanwhile, combined substance use is
less prevalent among drivers in normal traffic, suggesting that drivers combining
substances are at a profoundly high risk of traffic injury (129, 130), especially when

combining psychoactive drugs and alcohol (65).

Few experimental studies have compared the effects on driving skills of drugs alone
with drug-drug or drug-alcohol combination. Benzodiazepines or opioids combined
with alcohol or each other can be life threatening, which explains the lack of
experimental studies on these combinations (69, 131). Cannabis-alcohol
combination has been found to cause increased impairment compared with that
caused by either substance alone (69). The stimulatory effects of dexamphetamine or
amphetamine are not sufficient to overcome the sedative effects of alcohol. The use
of MDMA, meanwhile, can reduce some but reinforce other negative effects of
alcohol. However, there are large individual variations in sensitivity to combinations

of amphetamine or MDMA and alcohol (69).
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1.3 Global trends in fatal road traffic crashes

According to the WHO's global status report on road safety, approximately 1.35
million people died in 2016 as a result of road traffic crashes, and up to 50 million
more people suffered non-fatal injuries. The number of road traffic deaths per
100,000 inhabitants is substantially higher in low- and middle-income than in high-
income countries, and between 2013 and 2016, no reduction in road traffic deaths
was observed in any low-income country, whereas some reduction was observed in
48 middle- and high-income countries (132). In high-income countries, the decline in
motor vehicle fatalities during the past decades might be explained by policy
initiatives like the implementation of road safety interventions, resulting in
improved infrastructure, reduced rescue time, improved medical treatments, and
more safe vehicles (6). The declining trend in road traffic deaths in some high-
income countries has flattened in recent years, however: in both Sweden and the
United Kingdom (UK), the decreasing death rates flattened after 2010, and in the US,
no further decrease in death rate was seen after 2009 (132). The EU set an ambitious
target of halving the number of road deaths between 2010 and 2020; this was not
reached owing to a very marginal decrease in the total EU fatality number after 2013

(133).

When comparing high-income OECD countries in 2015, Norway had the lowest
number of road fatalities, at 2.3 road deaths per 100,000 inhabitants, followed by
Sweden (2.6) and the UK (2.8). The highest road death numbers were found in the
US with 10.9 deaths per 100,000 inhabitants, slightly more than in Latvia (9.5) and
Lithuania (8.3). Latvia recorded the best improvement rate in 2000-2015, and
Lithuania had the sixth best rate, whereas Norway, Sweden, and UK, countries with
low road death numbers, were among the 15 worst improving countries among 32
high-income OECD members (5, 134). These trends might indicate that further
reduction of low death rates can be more challenging than reduction of high death
rates. However, the US did not follow the same pattern; the US had both high road
death number per inhabitants and the sixth slowest improvement rate in 2000-2015

(5, 134). In the US, an official target of zero road deaths was announced by the
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United States Department of Transportation in 2015 (135). Similar strategies were
implemented in Sweden in 1997 and in Norway in 2001, and have probably

contributed to the very low road death numbers in these countries.

The number of alcohol-related road fatalities has generally decreased in high-income
countries, along with the decreasing trends in total road fatality numbers. In some
countries, however, a decrease in the annual road fatality numbers has been
combined with an increase in the proportion of alcohol-related road deaths, like in
Sweden in the years between 2010 and 2017(136). This might indicate that
preventive measures have had a better effect on non-alcohol-related road traffic
crashes than on alcohol-related road traffic crashes during those years. It could also
indicate increasing use of alcohol among drivers during those years. A direct
comparison of alcohol or drug prevalence trends among fatally injured drivers in
different countries, therefore, has limited value if not discussed in relation to the
different nations’ trends in total numbers of road traffic crashes, history of
interventions, safety campaigns, legislation, and enforcement, among other aspects.
An alternative is to compare the individual countries’ relative rates of improvement
in alcohol- versus non-alcohol-related fatalities. Between 2006 and 2016, 17 out of
26 countries studied in Europe had faster declining rates for alcohol-related road

fatalities than for road fatalities of other causes (15).

Investigating trends in absolute fatality numbers is useful on a national level, to
monitor the traffic safety status and evaluate whether or not implemented measures
have had a positive effect on road safety. Comparison between similar countries
regarding which substances are the most prevalent, on the rise, or declining might
also be informative, as new trends in substance use might spread to neighbour

countries.
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1.4 Situation in Norway

1.4.1 Trends in road traffic injuries and deaths

Norway is, as previously mentioned, one of the countries with the lowest number of
fatalities from road traffic crashes. In 2015, the Nordic countries Norway, Sweden,
Denmark, and Finland, had 2.2, 2.6, 3.1, and 4.9 road traffic deaths per 100,000

inhabitants, respectively, whereas the average global number was about 17 (137).

Both the numbers of killed and severely injured road users in Norway peaked in
1970, and thereafter declined until today (Fig. 2). A similar turning point in the trend
in fatalities after about 1970 was seen in several other European countries, which
most likely can be explained by changes in road safety policies (138). In Norway, the
increase in both fatally and severely injured road users during the 1940s to 1970
was probably mainly due to the fact that speed limits were increased several times
(139). At the same time, the number of privately owned cars in Norway increased
steadily, from about 2,000 per 100,000 inhabitants in 1950 to about 20,000 in 1970
(140). It is likely that the implementation of seatbelt legislation had a large impact in
reducing the number of road traffic fatalities after 1970 (Fig. 2); see section 1.4.2.

Although laws and enforcement focus on drivers, the fatality numbers among other
types of road users have also declined (Fig. 3). Road improvements for better
separation of different groups of road users might have contributed to the decrease

in pedestrian fatalities.
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Figure 2. Number of killed (A) and severely injured (B) road users in Norway per

year. Source: Statistics Norway
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Figure 3. Number of killed road users per year in Norway, grouped by vehicle type.

Source: Statistics Norway

1.4.2 Important changes in road safety policies

The increasing numbers of injured and killed road users during the 1940s to 1970
(Fig. 2) called for action. In 1970, the government decided that from 1971, all new
cars and vans sold in Norway should have seatbelts installed in front seats; from
1975, the use of seatbelts in front seats was required (141). A fine for not using a
seatbelt was introduced in 1979. From 1984, the instalment of seatbelts in the back
seat of new cars was mandatory, and in 1985, the use of those seatbelts was required
for passengers aged above 15 years. In 1988, securing children in cars, in the back

seat, became a legal requirement (33).

Many other measures have probably contributed to the decline in severe road traffic
crashes at different points between 1970 and the present. In 1980, speed limits were
reduced from 80 km/h to 70 or 60 km/h on about 10% of Norway’s main roads

(142). The increasing rate in private car ownership became less steep after 1987
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(140). The alcohol limit for driving was in 2001 lowered from 0.5 to 0.2 g/kg blood
(143). Norway implemented early strict enforcement for drink driving; laws and
enforcement for drink and drug driving have been enhanced and adapted several
times (as explained in section 1.4.3). In addition, the enforcement of measures
against a variety of other unsafe driving behaviours improved over the years.
Examples of more recent changes include the following:

1) In 2004, the implementation of a new system with penalty points in addition
to fines for breaking traffic rules, like illegal overtaking, speeding, and red
light driving, where the driver’s licence will be suspended after 8 points
(144);

2) In 2009, the installation of speed cameras that detect average speed over a
distance on a few roads, thereby increasing the risk of being arrested for
speeding (48);

3) Testing of automatic number plate recognition (ANPR) equipment in all police
districts in 2010-2012 and permanent instalment in some cars from 2013,
primarily those operated by the Mobile Police Service (the Norwegian traffic
police), which increased the possibility for them to recognize cars owned by
previously convicted drivers (145, 146);

4) From 2012, extending the possibility for the police to use signs and symptoms
testing when they suspect DUI of drugs or alcohol (147).

In addition to stricter laws and stronger enforcement, education and use of
information campaigns might also have contributed to reducing the traffic injury

numbers.

1.4.3 DUI laws and enforcement

The prevalence of alcohol use among drivers in normal traffic in Norway is low
compared with countries in other parts of Europe and the US (65). The low
prevalence in Norway is likely due to a long tradition of strict legislation,
enforcement, and punishment for drink driving (Table 2), combined with public
information campaigns. In 1936, Norway was the first country to implement a legal
limit for DUI of alcohol. The limit was set at 0.5 g alcohol per kg blood, based on

studies where impairment among arrested drivers had been compared across
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different BAC levels (148). Drivers convicted for DUI of alcohol were faced with fines
and prison sentence. Both the enforcement and sentencing have always been strict in
Norway, when compared with the other Nordic countries (54). During traffic
controls, the police could make random breath tests for alcohol without prior
suspicion of alcohol use; suspicion was neither needed to alcohol-test a driver who
had been involved in an accident or committed a violation of traffic rules. The
purpose was to enhance the deterrent effect of the law. This is in contrast to in
England, where weak enforcement of the law has been suggested as an explanation
for the lack of long-time effect on alcohol-related accidents, following the

introduction of per se limit for alcohol in England in 1967 (54).

The alcohol limit of 0.5 g/kg blood remained in Norwegian law until 2001 when it
was lowered to 0.2 g/kg. Although a BAC of 0.2 g/kg does not necessary significantly
impair the driver’s driving skill, the idea was to highlight to the citizens that alcohol
should not be used in combination with driving (143). The legal limit is absolute (per
se), meaning that anyone driving with BAC at or above 0.2 g/kg might risk getting
punished for doing so, regardless of whether or not the driver is impaired by the
alcohol used, or whether or not they had been driving unsafely. Reduced punishment

owing to tolerance is not considered in drink driving cases in Norway.

For non-alcohol psychoactive drugs, evaluation of the degree of impairment and
possible tolerance from drug(s) taken had to be performed to convict a driver for
DUI of drugs. In 2012, legal per se concentration limits for 20 drugs in blood,
corresponding to BAC of 0.2 g/kg, were implemented in the Norwegian Road Traffic
Act. This simplified the process of convicting drivers under the influence of drugs, in
line with the process of convicting drivers under the influence of alcohol (149). After
2012, evaluation of the degree of impairment or tolerance was performed only in
cases where drugs other than the 20 included had been used, where two or more
substances had been combined, and where the driver had valid prescription for the
drug found. Maximum limits for the daily doses of prescribed psychoactive drugs
allowed in combination with driving were specified in 2011 (150); the requirements

were later revised with stricter dose limits (151). After an evaluation and revision of
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the legal limits in 2012, eight more drugs were included with legal limits in 2016
(152).

In contrast to alcohol, a relatively high prevalence of other psychoactive drugs has
been found among Norwegian drivers compared with drivers in other European
countries, as reported by the DRUID project (65). The reason might be that
preventive measures against drug driving have been few in Norway prior the time of
the DRUID project, whereas there has been a long tradition of strict enforcement and

a diversity of preventive measures against drink driving.

Table 2. Sanctions given for driving with blood alcohol concentration in Norway to

date.

Blood alcohol Sanction

concentration

Between 0.2 ¢ Fine equivalent to about one gross monthly wage of the

and offender

0.5g/kg

Driver gets a criminal record
e Usually the driver keeps their driver’s licence; exceptions are
some special conditions and novice drivers, who get a

minimum six months of driving ban

Between 0.5 ¢ Fine equivalent to about 1.5 gross monthly wage of the

and offender

1.2 g/kg

Conditional sentence in most cases, imprisonment can occur if
conditions set by the court are not fulfilled

e Suspension of driver’s license for a minimum of one year

Above 1.2 g/kg

Fine equivalent to about 1.5 gross monthly wage of the
offender
¢ Unconditional sentence of imprisonment: minimum of 21 days

e Suspension of driver’s license for a minimum of two years
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1.5 Current knowledge gaps

Prior to the start of this study, annual reports on drug findings in blood samples from
arrested drivers in Norway had been published, but the analytical cut-off
concentrations used have varied over time, as well as the types of drugs included in
analytical testing. A thorough investigation of long-term trends in the use of
psychoactive substances had not been performed among Norwegians suspected of
drug or drink driving. Furthermore, the characteristics of substance-using drivers

had not been explored in depth.

Analytical findings on alcohol and drugs in blood samples from drivers killed in road
traffic crashes had been published for some time periods: 1989-1990 (153), 2001-
2002 (56), and 2006-2008 (154). These studies used varying cut-offs and analytical
repertoires. Studies of drivers and motorcycle riders killed in road traffic crashes
during 2001-2010 (155, 156) used the legislative limits introduced in 2012 as cut-
offs and presented data for selected age groups and sex. More recent data had not

been published.

The proportion of different unsafe driving behaviours recorded in fatal road traffic
crash reports had previously been investigated by the Norwegian Public Roads
Administration (157). However, there was lack of knowledge regarding trends in
unsafe driving behaviours among those fatally injured, which could decline in
accordance with the declining fatality numbers, but also potentially increase in
prevalence as a consequence of recent safety improvements that reduce the risk the

most among those who do only minor driving errors.

Associations between crash characteristics related to the driver and recent drug or
alcohol use have been investigated in several American studies (158-160). However,
few studies have focused on impairment by drug or alcohol when investigating road
traffic crash data. Studies that included drug metabolites in the urine as indicator of
drug exposure, or traces of drugs in the blood with unknown analytical cut-offs, or

inactive metabolites in the blood as a measure of recent drug use, such as those
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based on the American nationwide Fatality Analysis Reporting System (FARS)
database, might underestimate the effect of the drugs on driving performance,
because the reported drug findings may not indicate impairment from the drugs (58,
161). A study on the association between likely impairment from alcohol or drugs,
speeding, and seatbelt use among fatally injured car drivers in Norway had been
performed using data for 2005-2010 (162). However, it had a weak statistical power
and had not included other driver-related risk factors. A more comprehensive study
of a larger number of cases, and including more driver-related risk factors, should
therefore be performed to shed light on which driver-related errors are strongly

associated with alcohol or drug impairment.
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2 Aims of the study

The overall aims of this study were to investigate trends in the use of psychoactive
substances and other common unsafe driving behaviours among drivers, and to
investigate crash characteristics and the associations between impairment from

alcohol or drugs and other significant driver-related risk factors of road traffic injury.

The specific aims were as follows:
1. Study long-term and recent trends in psychoactive substance use among
drivers in Norway
a. among those suspected by the police of DUI of drugs or alcohol (Papers
[ and II, additional data in Section 4.5)
b. among those fatally injured in road traffic crashes (Paper IV)

2. Investigate associations between impairment from different psychoactive
substances and other driver-related risk factors contributing to fatal road
traffic crashes (Paper III)

3. Investigate prevalence and trends in crash characteristics and recorded
significant unsafe driving behaviours among fatally injured drivers (Papers III

and V)
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3 Material and methods

3.1 Funding

This research did not receive any specific grant from funding agencies. The work was
supported by the Norwegian Institute of Public Health and Oslo University Hospital.
The institutional responsibility for the toxicological investigation of blood samples
from arrested or killed drivers and associated research projects was transferred
from the Norwegian Institute of Public Health to Oslo University Hospital on 1

January 2017.

3.2 Sources of data

3.2.1 Papers I and II

Papers I and Il were based on data from two in-house forensic databases: a former
Access database (years 1990-1999) and a newer in-use SQL database (2000-2015).
The databases contained results from all the toxicological investigations of blood
samples performed in Norway, in the cases where drivers were arrested by the
police under suspicion of DUI of drugs or alcohol. Paper I used toxicological results

from both databases; Paper Il was based on the newer database.

Database providers extracted data, which were stored in a folder with restricted
access. Direct personal identification information, like names, addresses, phone
numbers, and national identity numbers, was not extracted and not available to the

researchers.

3.2.2 Papers Il and IV
Papers Il and IV were based on data from motor vehicle drivers and riders fatally

injured in 2005-2015. Four sources of data were linked: an in-house SQL database
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containing toxicological results from about 90% of the fatally injured drivers subject
to autopsy in Norway, forensic toxicology data from St. Olav University Hospital (the
remaining autopsies [about 10%] performed in Norway per year), Road Traffic
Accident Registry operated by Statistics Norway, and Crash Investigation Team
Database operated by the Norwegian Public Roads Administration. The two latter
registers include information about all fatal road traffic crashes, except fatal crashes

regarded as suicides.

Handling of data containing national identity numbers and other directly identifiable
information was performed by Statistics Norway. A research database without direct
personal identification information was transferred to the researchers and stored in

a folder with restricted access.

3.3 Ethical and legal aspects

There are ethical principles that should be reflected on before the start of any
research project involving humans or collected material or data from humans. The
Declaration of Helsinki, developed by the World Medical Association in 1964 and
later updated, summarizes the core ethical principles and provides guidelines to be
used by researchers. Examples include respecting and protecting the research
subjects and protecting the confidentiality of their personal information, careful
assessment of risks and benefits to the individuals and population of study
participants, to assure that the goal of new knowledge never takes precedence over
the rights and safety of research participants. Furthermore, candidates should be
given the information needed in order for them to make an informed decision
whether or not to participate in the studies, both initially and during the course of

research (163).

The Declaration of Helsinki further states that a research protocol must be made and
approved by an independent research ethics committee before the start of a study

involving humans or collected material or data from humans (163). The exception is
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projects handling data anonymously; they do not need approval from the Regional
Committees for Medical and Health Research Ethics (REC), as stated in the
Norwegian Act on Medical and Health Research of June 2008 (164).

Being arrested under suspicion of DUI of drugs or alcohol or failing to drive
according to traffic rules prior to being fatally injured in a road traffic crash can be
classified as highly sensitive personal information. Confidentiality of personal
information was, according to ethical principles (59), guaranteed during all stages of

this study.

The legal owner of the forensic toxicology data used in the present study is the
Norwegian Higher Prosecuting Authority, and according to the data processing
agreement, only anonymous statistics could be prepared, if no further approval was
given by an ethical committee. This applied to the study of arrested drivers (Papers |

and II).

For the study of fatally injured drivers (Papers III and IV), the Council for
Confidentiality and Research of the Norwegian Ministry of Justice gave exemption
from the duty of confidentiality, and the study was approved by the Higher
Prosecution Authority of Norway. They also approved the coupling of forensic data
with the Crash Investigation Team Database and the Road Traffic Accident database.
The risks and benefits of the research project, for participants and for society, was
evaluated by the Regional Committee for Medical and Health Research Ethics; they
found the study worthy of approval (approval no. 2010/2191). The approval
included an exemption from collecting the drivers’ or next of kin’s informed consent.
Such an exception, however, did not apply to drivers who either themselves or via
next of kin have disapproved use of their material or data for research purposes. All
killed drivers in this study were therefore searched in the Norwegian Registry of
Withdrawal from Biological Research Consent and Registry of Autopsy Material
Research Refusal. None of the drivers were included in those registries; hence, the
quality and representability of the results from this study are high. In 2015, Oslo

University Hospital changed its routines and is now informing the next of kin of dead
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people subject to autopsy about research projects and how they can withdraw from
the studies. Lack of such active information given from the hospital prior to 2015
might contribute to explaining the absence of fatally injured drivers on the research

reservation lists.

3.4 Study design

The study used retrospective time series cross-sectional (Papers I, I, and IV, as well

as Section 4.5) and retrospective cross-sectional (Paper III) designs.

3.5 Statistical methods

3.5.1 Descriptive and inferential statistics

The purpose of descriptive statistics is to present and summarize data in a
meaningful manner, in aid of interpretation. Inferential statistics is used to test
hypotheses, examine relations between variables, and generalize results or predict

trends in a larger population based on a sample (59, 165, 166).

Descriptive statistics was presented in all papers, including age and sex distribution,
and time of crash, using graphs and figures of patterns and possible trends. Papers |
and II presented only descriptive statistics. In Papers Il and IV, all fatally injured
drivers were included, and descriptive statistics were applied to describe their
characteristics. The fatally injured drivers were also considered a sample, and
inferential statistics was applied to investigate associations and trends that might be
generalizable to a broader population of drivers. The idea behind this type of testing
was that whether or not driving unsafely leads to road traffic crash involvement is
random, to some degree, as is whether or not drivers involved in road traffic crashes
end up as fatally injured or as survivors. Those fatally injured might thus be
considered a sample from the total number of drivers at high risk of being fatally
injured in a road traffic crash.
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3.5.2 Statistical tests
Neither the arrested nor the fatally injured drivers were found to be normally
distributed when considering their age; hence, non-parametric tests were used (59).

Both bivariate and multivariable statistical tests were used.

Chi-squared test

The bivariate Pearson’s chi-squared test was used in Papers I, I1], and IV to test for
significant differences between groups. A significance level of 0.05 was set. The chi-
squared test compares observed frequencies to the frequencies expected in the

absence of associations between variables (167).

Wilcoxon-Mann-Whitney

Differences between two medians were compared by a Wilcoxon-Mann-Whitney
test in Paper [. An assumption for this test is that the variances of two distributions
of datapoints compared are equal. The shape of the distributions should also be

similar, although normal distribution is not required (168).

Joinpoint regression

Joinpoint regression (webpage https://surveillance.cancer.gov/joinpoint/) was used

in Paper II to test whether slopes of the trend lines were significantly different from
zero, and whether time points showed significant changes in the slope of the
regression line. Paper [V also used Joinpoint regression to assess the annual percent
change in number of fatally injured drivers during the study period, including 95%

confidence intervals.

Logistic regression analysis

Multivariable logistic regression can be used to test the effect of several risk factors
(exposure variables) on a binary outcome variable; the result will indicate how much
an increment in each exposure variable affects the odds of the outcome when the
effect of the other exposure variables is adjusted for (169). Exposure variables found

to be related to the outcome variable do not necessarily mean that the exposure
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variable can cause the change in the outcome variable, as they both could be related
via other variables not included in the model (called confounders). If the
confounders are known and can be measured, including them in the regression
model will adjust for their effects (170). However, it is often difficult to determine
whether all relevant confounders are accounted for. Logistic regression models can
therefore not determine causality; relations between variables are therefore often
referred to as associations. Multivariable logistic regression was used in Paper III to
determine the odds ratios for the associations between impairment by drug or
alcohol and different driver-related risk factors, adjusted for the confounding
variables of age and sex. The odds ratios were adjusted for other co-variables and
substance groups in additional tests. In Paper IV, multivariable logistic regression
was used to calculate age- and sex-adjusted odds ratios for speeding, non-use of a
seatbelt, and alcohol use prevalence among drivers fatally injured in 2011-2015

compared with 2005-2010.

3.6 Software

The Joinpoint software (Joinpoint Program Version 4.3.1.0) from the Surveillance
Research Program of the US National Cancer Institute was used to identify significant
changes in trends. All other statistical analyses were performed using SPSS version
23 or 25 (IBM Corp., Armonk, NY, USA). Figures were constructed using Microsoft
Excel 2010.
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4 Summaries of results

4.1 Paper1

Toxicological findings in suspected drug-impaired drivers in Norway - Trends

during 1990-2015

The annual number of motor vehicle drivers arrested by the police suspected of DUI
of alcohol or drugs was approximately 10,000 during the entire study period from
1990 to 2015 (average of 9,536, range of 8,257-10,647). The proportion of these
drivers suspected by the police of drugs, and for whom toxicological analysis of
drugs in addition to alcohol was requested, increased from 21% in 1990 to 59% in
2015; the total was 112,348 for 1990-2015; 87% were male drivers. Results from

the drivers analysed for only alcohol are given in section 4.5.

The most detected substance group among the DUI of drugs suspects was alcohol
(39.8%), followed by benzodiazepines (including z-hypnotics) (36.0%) and
stimulants (32.2%), mainly amphetamines. Cannabis (THC) was found in 21.5% of
the investigated drivers; opioids in 11.3%. The possibility to detect low
concentrations has improved over time with better methods and instrumentation.
We used the highest cut-off concentration limits used during 1990-2015 as cut-offs
for all years. This made the comparison of prevalence over time possible but also
likely resulted in an underestimation of the total prevalence of drugs and alcohol

among these drivers.

The annual prevalence distribution of the different substance groups did not change
much during the 26-year study period, although the type of benzodiazepines and
opioids changed. Benzodiazepines detected were mainly diazepam and
flunitrazepam between 1990 and 2002, after which diazepam continued to be

prevalent, whereas flunitrazepam was substituted by clonazepam. For opioids,
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morphine and codeine completely dominated in the 1990s, but were later partly
replaced by methadone and buprenorphine, and after 2010 also by tramadol and

oxycodone.

The population of drug-positive drivers aged during the study period, both in total
and within all substance group strata. The annual number of drivers aged 240 years
increased within all substance groups during the study period, whereas no further
increase in the annual number of young people (<30 years old) who combined
substance use and driving was observed after about 2002, except for those using
cannabis. Among all drivers, cannabis (THC) was the most frequently detected
individual drug in 2015. It should be noted that owing to some inconsistency in the
type of samples analysed for drugs in addition to alcohol in the 1990s, those samples
analysed between 2000 and 2015 were investigated in more depth. Psychoactive
drugs and/or alcohol were present in 91% * 2% of the suspected drug drivers;
psychoactive drugs were present in 71% * 4%. The decreasing prevalence of
benzodiazepines and opioids and increasing prevalence of cannabis were revealed
among all age groups tested, whereas the prevalence of stimulants (basically
amphetamines) decreased among the youngest and increased among the oldest.

These findings were valid for both female and male drivers.

The results from Paper [ showed a slight change in the types of substances used by
arrested drivers in Norway in the past decades. A high degree of recidivism among
older drug-using drivers might help explain the increase in age among the DUI
offenders. Furthermore, the results suggest that fewer young adults were recruited
to drug use and driving, except for cannabis use. DUI offenders are often initially
arrested by the police for unsafe driving or involvement in non-fatal road traffic
crashes, of which the latter also might indicate unsafe driving, and after further
inspection they are suspected of DUI of drugs or alcohol. The high prevalence of
psychoactive substances found among these drivers indicates a relation between

unsafe driving behaviours and the substances used.
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4.2 Paper 11

Increasing use of cannabis among arrested drivers in Norway

This paper reported an investigation on the increasing trend in cannabis use among
motor vehicle drivers arrested by the police during 2000-2015. The findings
revealed that the number of cannabis-positive arrested drivers increased slightly
from 2000 (n =870) to 2008 (n = 1016), and then escalated further in 2015 (n =
2024). When correcting for the increase in number of drivers suspected of DUI of
drugs, no increase or decrease in prevalence was observed from 2000 to 2008; by
2015, the prevalence of cannabis findings had increased by 48%. Findings of only
cannabis (no alcohol or other drug detected) increased the most, from 178 cases in
2008 to 782 cases in 2015: an increase in prevalence of 227% (339% when not
correcting for the increase in drivers suspected of DUI of drugs). Similar trends were
observed among male and female drivers. Male drivers constituted 93% of the

cannabis-positive drivers.

Young drivers with median age between 22 and 25 years dominated the cases where
only cannabis was detected during the study period. Drivers combining cannabis
with other drugs were older and showed an increased median age during the study
period. A significant change in trend was observed in 2008/2009; the annual
numbers of both cannabis-only and multidrug (including cannabis) findings
increased significantly faster after 2008/2009 than before. Cannabis in combination
with alcohol was also investigated; a slight increase was observed during the study

period, but no change in trend was observed.

Many drug users combining cannabis with other drugs were likely problem drug
users, some with a long history of drug use. The results further indicated that an
increasing number of young people were DUI of cannabis after 2008. Cannabis was
the only substance detected in 39% of the cannabis-positive DUI of drugs suspects in
2015, which may indicate that cannabis use alone might reduce driving performance,

at least among young drivers.
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4.3 Paper III

Driver-related risk factors for fatal road traffic crashes associated with alcohol

or drug impairment

The contribution of driver-related risk factors in fatal road traffic crashes has been
evaluated by crash investigation teams since 2005. Recorded risk factors in fatal
crashes that occurred during 2005-2015 were coupled to forensic toxicology data
and investigated in Paper III. The purpose was to study associations between risk
factors and impairment by drugs or alcohol, separately for car/van drivers and
motorcycle/moped riders. A total of 63% of both fatally injured drivers and riders
had been investigated for substance use and otherwise fulfilled the quality
requirements for inclusion in this study: 602 drivers and 170 riders. Impairment was
defined as having drug or alcohol concentrations above the limits of the graded
sanction corresponding to a BAC of 0.5 g/kg, or for stimulants, concentrations five
times or more than the legislative limits. Being sober was defined as not having

concentrations of substances above the legislative limits corresponding to a BAC of

0.2 g/kg.

Male drivers and riders dominated the fatally injured. The proportions of female
victims were higher among sober (21.5%) than among impaired (9.5%) drivers and
riders. The age distributions of impaired versus sober drivers and riders were also
different, as impairment was more common among the youngest age groups. The
impaired drivers were significantly more often killed at night-time, killed in single-
vehicle crashes, and had been using a vehicle older than 10 years when killed,
compared with the killed sober drivers. Among the riders, the same differences were

found, except for the age of the vehicle.

Among the drivers, the risk factors significantly associated with impairment from
drugs or alcohol after sex and age adjustment were speeding (OR, 3.97; 95% (I,
2.58-6.11), not having a valid driving licence (OR, 23.1; 95% CI, 8.05-66.0), and non-
use of a seatbelt (OR, 4.27; 95% CI, 2.85-6.41). When categorised into substance
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groups, speeding was found to be significantly associated with impairment from
alcohol and from stimulants (mainly amphetamines); not having a valid driving
licence was found to be significantly associated with all substance groups tested
(alcohol, stimulants, cannabis, and at least one of the medicinal drugs
benzodiazepines, opioids, or z-hypnotics); non-use of a seatbelt was found to be

significantly associated with all substance groups except cannabis.

A lower proportion of the fatally injured riders compared with the drivers were
impaired by drugs or alcohol (20% vs. 31%, respectively). Among riders, the risk
factors significantly associated with impairment after sex and age adjustment were
not having a valid driving licence (OR, 17.4; 95% CI, 6.05-49.9) and non-use of a
helmet (OR, 3.67; 95% CI, 1.45-9.26). Alcohol was found to be significantly

associated with both risk factors.

When considering the sober drivers and riders only, speeding was recorded among
32% of the drivers and 53% of the riders; non-use of a seatbelt/helmet was recorded
among 30% of the drivers and 13% of the riders; no valid driving licence was
recorded among 1% of the drivers and 10% of the riders. All these proportions were
higher among the impaired drivers and riders. The risk factors of speeding, not
having a valid driving licence, and non-use of a seatbelt were slightly more prevalent
in single-vehicle crashes compared with all crashes, both among sober and impaired

drivers.

The results indicated a strong and positive association between impaired driving
from drugs or alcohol and some driver-related risk factors of fatal road traffic
crashes. The study could not prove causality. Nonetheless, it is highly likely that
impairment from drugs or alcohol may increase the risk of driving errors. Preventive
measures should be sought to reduce the possibility of driving after use of
psychoactive substances. The results further indicated that measures for preventing
speeding, non-use of a seatbelt/helmet, and riding without a valid driving licence
should be maintained to reduce the number of sober drivers and riders involved in

fatal road traffic crashes as well.
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4.4 Paper 1V

Fatally injured drivers in Norway 2005-2015 - Trends in substance use and

crash characteristics

Paper IV describes the prevalence and trends in crash characteristics and substance
use along with other unsafe driving behaviours recorded among car/van drivers and
motorcycle/moped riders who were fatally injured in road traffic crashes in Norway.
The aim of this study was to investigate whether fatal crash characteristics, vehicle
safety features, and prevalence of drugs and alcohol among fatally injured drivers

and riders changed in 2005-2015, accompanying the reduction in road fatalities.

A significantly smaller proportion of car/van drivers who had been fatally injured in
2011-2015 had been speeding (34.1%) or not used a seatbelt (33.8%), compared
with those fatally injured in 2005-2010 (44.9% vs. 43.7%, respectively). The
youngest drivers had more frequently been speeding and not used a seatbelt
compared with drivers aged >45 years; male drivers had significantly more
frequently been speeding or not used a seatbelt compared with female drivers. A
declining trend in fatal road traffic crashes was found to be steeper for young and
male drivers, resulting in a higher proportion of female and older drivers among
those fatally injured in the latter part of the study period. The sex- and age-adjusted
ORs were 0.71 (95% CI, 0.525-0.966) for speeding in 2011-2015, and 0.71 (95% CI,
0.535-0.947) for non-use of a seatbeltin 2011-2015 when using data from 2005-
2010 as reference. Declining trends in speeding and non-use of a helmet were also
found among motorcycle/moped riders, but these did not reach statistical

significance.

Alcohol above legal limits (0.2 g/kg blood) was detected in 22% of the investigated
drivers and in 12% of the riders. Drugs above the legal limits corresponding to 0.2
g/kg alcohol in the blood were detected in 22% of the investigated drivers
(medicinal drugs, 15%; stimulants, 8%; cannabis, 7%) and in 15% of the riders

(medicinal drugs, 7%; stimulants, 9%; cannabis, 6%). The prevalence of alcohol
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consumption above 0.5 g/kg among drivers was found to decline significantly from
24% in 2005-2010 to 14% in 2011-2015 (p = 0.003): the sex- and age-adjusted OR
was 0.555 (95% CI, 0.351-0.877; p = 0.012). Among riders, alcohol use prevalence
declined from 15% in 2005-2010 to 5% in 2011-2015 (p = 0.059).

Alcohol had more frequently been used than other drugs among the drivers killed in
roadway departure crashes, which almost always were single-vehicle crashes
(46.1% for alcohol and 29.8% for drugs). In contrast, drugs had more frequently
been used than alcohol among drivers killed in multiple-vehicle crashes (13.9% for
drugs and 7.4% for alcohol). Furthermore, drugs were more frequently used among
drivers fatally injured on weekdays (18.7% for drugs and 8.1% for alcohol),
compared with weeknights and weekends, when alcohol dominated. Similar trends

were found for riders.

In general, the distribution of collision types did not change during the study period,
but riders had more often been killed in collisions in junctions (21%) compared with
drivers (5%). Riders were most frequently Kkilled in roadway departures (39%), and
drivers, in head-on collisions (54%). The proportion of crash-involved cars and
motorcycles with ABS and ESC increased significantly from the first time period to

2011-2015.

Thus, the preventive measures implemented have helped reduce speeding and non-
use of a seatbelt among the general population of drivers, because the reduction
among the fatally injured could not solely be explained by the changing sex and age
distributions in the two time periods compared. The declining prevalence of alcohol
use among fatally injured drivers indicated that preventive measures have had a
positive effect on high-risk or recidivist drink drivers as well. The observed changes
towards more vehicle safety installations and lower prevalence of unsafe driving
among the fatally injured drivers and riders may reflect the general trends that

contributed to the decreasing road death numbers in Norway.
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4.5 Additional results

One of the aims of this study was to document trends in psychoactive substance use
among drivers arrested under suspicion of DUI of drugs or alcohol. Included in
Papers I and Il were all drivers analysed for alcohol in addition to drugs; however,
drivers subjected to only alcohol analysis were missing. The alcohol-only samples
were probably often from cases in which the police felt quite confident that the
driver was impaired by alcohol; hence, those samples might include higher alcohol
concentrations than the samples where drugs were suspected. The results from the
alcohol-only samples were included as additional results in this thesis (section 4.5.1)
to reveal a total unbiased trend in alcohol use prevalence among all DUI suspects in

Norway.

When considering those suspected of DUI of drugs, the causes or background
situation for arrest by the police were not known except in the cases where the
drivers had been involved in non-fatal road traffic crashes. However, background
data for the alcohol-only breath samples were available and are included here

(section 4.5.1).

Trends in THC concentrations and time from apprehension of drivers till blood
sample collection are of relevance when discussing alternative explanations for the
observed sharp increase in number of cannabis-positive drivers. The data were not

included in Paper Il owing to limited space but are given in section 4.5.2.

4.5.1 Alcohol results including drivers suspected of only alcohol use

The alcohol results reported in Papers I and Il were from drivers (including riders)
suspected of DUI of drugs. Figure 4 shows the results when drivers (including riders)
suspected of only alcohol use were also included, both those analysed for only
alcohol in blood samples and in breath samples taken by Intoxylizer or Evidenzer
instrumentation. The figure shows declining trends in alcohol, both in total number
of alcohol findings and proportion of samples testing positive for alcohol at or above

the legal limits stated in the Norwegian Road Traffic Act: 0.2 g alcohol per kg blood
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or 0.1 mg alcohol per litre breath (171). The prevalence of alcohol use declined by
14.9% from 2008 to 2015 (Fig. 4).
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Figure 4. Left: proportion of drivers suspected of driving under the influence of
drugs or of alcohol found positive for alcohol at or above 0.2 g/kg in the blood or 0.1
mg/L in breath. Right: the number of alcohol findings at or above 0.2 g/kg in the
blood or 0.1 mg/L in breath. Source of breath samples: Police data

46



The breath samples analysed with Intoxylizer (2000-2012) were taken based on
suspicion of alcohol use in the following circumstances: involvement in non-fatal
road traffic crash (41.8%); tips from family, friends, or observers of unsafe driving
(30.3%); planned traffic control by the police (20.1%); other or unknown reason
(7.7%). The breath samples analysed with Evidenzer (2013-2015) were more often
taken after planned traffic control by the police (55.2%) and much less often taken
after involvement in non-fatal road traffic crashes (9.1%), compared with the
previously taken breath samples. ‘Tips’ was the reason in 29.4% of the cases; other

or unknown reason constituted 6.4% of these breath samples.

Drivers testing positive for alcohol at or above 0.2 g/kg in the blood or 0.1 mg/L in
breath increased in age during the study period. The number of alcohol-positive
drivers aged 240 years increased slightly from 2000 to 2012, and thereafter declined
sharply; the number of alcohol-positive drivers aged <20, 20-29, and 30-39 years
declined after 2008 in addition to a faster decline after 2012.

4.5.2 THC concentrations

Detected mean and median concentrations of THC in samples from those suspected
of DUI of drugs declined sharply from 1990 to 1994, and thereafter increased slightly
to the same level as in 1990, in 2009, followed by a more rapid increase during
2009-2015 (Fig. 5). The same trend was found for all age groups: <20, 20-29, 30-39,
and 40+ years. Samples with concentrations in the range 2.0-4.9 ng/ml and above
5.0 ng/ml increased in numbers after 2008/2009, but the highest concentration
increased the most, resulting in a continuous increased prevalence of 5.0+ ng/ml
samples. The number of samples with concentrations below the per se limit, in the
range 1.25-1.99 ng/ml remained stable in 2000-2015 (concentrations below the per
se limit not included in Fig. 5). When considering only samples where THC was the
only substance detected, 55% had THC concentrations below 5.0 ng/mL in 2000-
2015.

Time from apprehension till blood samples collection decreased evenly during the

period with recorded times—2002-2015. Median time decreased by 22 minutes in
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2002-2015, and by 12 minutes from 2008 to 2015. From the same period, the
decrease for the 25th and 75th percentiles was 10 and 20 minutes, respectively, and

may partly explain the increase in THC concentration.
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Figure 5. Mean and median tetrahydrocannabinol (THC) concentrations (ng/mL)
detected among Norwegian drivers suspected of driving under the influence of drugs

in 1990-2015.
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5 Discussion

The main findings in this study can be summarised as follows. The prevalence of
alcohol use declined during the study period, both among motor vehicle drivers
arrested under suspicion of DUI of alcohol or drugs and among fatally injured
drivers. Among arrested drivers, the prevalence of amphetamine use increased
among the oldest group, whereas that of cannabis use increased among all age
groups, and the most among the youngest drivers. Among fatally injured drivers, no
statistically significant change in prevalence was observed for any drug group.
Furthermore, a substantial proportion of all the drivers and riders fatally injured in a
road traffic crash, including those who were sober, had not used a seatbelt or a
helmet, or had been speeding inappropriately, but the proportions of these reasons
were declining. Concentrations of alcohol or drugs indicating impairment among car
and van drivers were found to be associated with non-use of a seatbelt, speeding,
and lack of a valid driving licence. Alcohol was associated with all risk factors,
whereas some differences were found across other drug types. Among motorcycle
and moped riders, alcohol was found to be associated with non-use of a helmet and
lack of a valid driving licence. The prevalence of vehicle safety installations increased
during the study period. Crash characteristics among riders deviated slightly from

those found among drivers.

5.1 Trends in psychoactive substance use

5.1.1 Prevalence among drivers arrested or Killed

The most common psychoactive substances used by Norwegian drivers who were
either fatally injured in road traffic crashes or arrested for suspicion of DUI were
alcohol, benzodiazepines, amphetamines, and cannabis (THC); other drugs, like
opioids, z-hypnotics, MDMA, and cocaine, were less frequently or rarely detected.
The prevalence order of these substances was equal among both the DUI suspects

and fatally injured, although the prevalence numbers were higher in the former

49



(Papers I, IV). The reason for this higher prevalence among arrested drivers was that
they often were arrested and subjected to alcohol and drug testing owing to aberrant
driving, whereas for Kkilled drivers, blood samples were collected to confirm or reject
alcohol or drug impairment as contributing cause of the crash. Judging impairment in
a crash scene situation is difficult, and many of the killed drivers were confirmed to
be sober. Among arrested drivers, those who tested negative for substances had

often been involved in a road traffic crash (Paper I).

Norwegian drivers arrested for suspicion of DUI included both drivers and riders of
all sorts of motor vehicles; the data could not be split by vehicle type as this
information was not present in the database. Among the fatally injured, drivers and
riders could be separated. Among the fatally injured riders, impairment by alcohol
and drugs was less prevalent compared with the fatally injured drivers (Paper IV),
probably because of the vulnerability of the riders; even minor mistakes can more
easily lead to a fatal road traffic crash for a motorcycle rider than for a car driver,
both because the car is more stable and because the driver is protected by the
vehicle body during a crash, whereas the rider has a high risk of severe injury or

death when involved in a crash (172).

A 2019 meta-analysis (173) found 12 adequate papers published between 2011 and
2018 reporting alcohol use prevalence among fatally injured motorcycle riders. The
prevalence of alcohol use estimated based on those 12 studies was 30% (95% CI,
25-35%), with greater prevalence among those aged 25-35 years. Five of the 12
studies were from the US; only one was from Europe. The findings were therefore
not fully representative of riders killed in European countries, as confirmed in our
study that revealed a 12% prevalence of alcohol use among fatally injured
motorcycle riders in Norway (Paper [V). The higher prevalence of alcohol use among
those aged 25-34 years compared with among both younger and older riders, was

also found in our study (Paper IV).

The psychoactive substances and prevalence order (alcohol with the highest

prevalence, followed by benzodiazepines, amphetamines, and cannabis) found
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among the Norwegian DUI suspects correspond with findings reported in other
Nordic countries. The exact same prevalence order of substance groups was found
among DUI suspects in Finland investigated for drugs in 2000-2007 (174). Findings
among DUI suspects in Sweden in 2001-2004 were also similar, except that
benzodiazepines were less frequently detected (126). DUI suspects in Denmark in
1997-2008 were also most frequently using benzodiazepines, although they were
significantly less frequently using amphetamines and more often using cannabis and
cocaine (175). A difference in stimulant use between Denmark and other Nordic

countries is also evident from drug seizure data (176, 177).

Among fatally injured drivers in other Nordic countries, the reported prevalence
order of psychoactive substances correspond with the findings in Norway. The total
prevalence of substances found were also similar; of investigated drivers, 35.5%
were positive for psychoactive drugs or alcohol in Norway (Paper IV) in 2005-2015
compared with 42.8% in Finland in 2006-2008; the numbers are probably more
similar because 7% of the drivers in Finland tested positive for antidepressants
(178), which were not included in our study. Seriously injured drivers in two regions
in Denmark had used drugs or alcohol in 34% of the cases in 2007-2010 (179).
Alcohol was equally frequently detected (21%) among fatally injured drivers in
Sweden in 2008-2011 as in Norway in 2005-2015; illicit drugs had slightly lower
prevalence in Sweden than in Norway (180). Of the fatally injured drivers in Sweden,
95% are subject to autopsy (180), compared with less than 70% in Norway. In
Finland, all fatally injured drivers are subject to autopsy (181). The Norwegian

numbers might therefore be slightly overestimated owing to selection bias.

When comparing prevalence of drugs and alcohol use among drivers worldwide,
larger variations have been found. Gonzalez-Wilhelm (182) published a review of
papers reporting prevalence of alcohol and illicit drugs being detected in the blood
among different categories of drivers worldwide between 1990 and 2005. In general,
direct comparison was difficult owing to the inclusion of different age groups of
drivers in the studies compared, use of different cut-off values, examination of

different time periods, and consideration of different types of vehicles involved. In
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addition, some studies were excluded from the result comparison owing to suspicion
of over- or underestimation because their results clearly deviated from those of
other studies. For these reasons, the conclusions regarding prevalence of drugs and
alcohol use in the review were few: alcohol was stated as generally the most
prevalent among drivers, and among illicit drugs, cannabinoids was the most
frequently detected. The review suggested the following possible prevalence
characteristics: low prevalence of cocaine in Scandinavian countries, high prevalence
of amphetamines in Norway and Sweden, low prevalence of cannabis and
amphetamines among Scottish drivers, low prevalence of cannabis and high
prevalence of opiates in Australia. Reports from the DRUID project, which used the
same study protocol across different European countries, later confirmed that
amphetamines are more prevalent among drivers in general road traffic in northern
Europe, in addition to medicinal psychoactive drugs, whereas cannabis and cocaine
are more prevalent among drivers in southern and western Europe, in addition to

alcohol (130).

5.1.2 Trends among arrested drivers

Among the Norwegian DUI suspects, the prevalence of alcohol use declined in 2000-
2015, mainly because of declining numbers of alcohol-positive drivers aged below 40
years after 2008; the number of alcohol-positive drivers aged >40 years declined
after 2012 (section 4.5.1). Among DUI of drugs suspects, the prevalence of
amphetamine use rose steadily in 2000-2015 among drivers aged 30+ years, but
declined among drivers aged <30 years; cannabis use increased among all age
groups and the most among the youngest drivers after 2008. Meanwhile, the

prevalence of other drug classes declined (Papers |, II).

A declining trend in benzodiazepine use among DUI of drugs suspects was found in
the neighbouring country Denmark in 1997-2008, and diazepam was the most
frequently detected benzodiazepine (175). In Norway, diazepam was also the most
frequently detected, but the decrease in benzodiazepine use among DUI of drugs
suspects started later, after 2002 (Paper I). In Finland, the number of amphetamine

findings started to increase rapidly among DUI of drugs suspects after 2002,

52



resulting in a slightly declining prevalence of benzodiazepine use and increasing
prevalence of amphetamine use in 2002-2007 (174). In a Swedish study,
amphetamine use prevalence among DUI of drugs suspects was found to increase
from 1990 to 1995, and thereafter remained stable (until 2003) (183), which was in
accordance with the trend in amphetamine/methamphetamine use detected among
DUI of drugs suspects in Norway from 1990 (Paper I). In Scotland, benzodiazepine
and opioid use among DUI of drugs suspects doubled in prevalence from 1996-2000
to 2003, followed by a minor decrease for benzodiazepines and a moderate decrease
for opioids from 2003 to 2008; no significant changes in prevalence were found for
cannabis or amphetamine use during all study years (184). In Norway, the most
marked trend changes occurred in 2008. For future road safety intervention
planning, recent trends are more important. However, the literature available on
trends in drug prevalence among arrested drivers in other Nordic countries after
2008 is limited. A study of DUI suspects in 2015/2016 in eastern Denmark used
results from 2008 for comparison; stimulant and cannabis use increased, whereas
opioid and benzodiazepine use decreased in prevalence (177). These results are in

line with our findings on Norwegian DUI of drugs suspects (Papers |, II).

Trends in relation to drivers’ age

Age distributions changed during the study period; the proportion of drivers aged 40
years or older increased among benzodiazepine-, opioid-, amphetamine-, and
cannabis-positive drivers from 2000 to 2015. This might be described as the
consequence of fewer young drivers recruited to driving after drug use in 2001-
2002 (Paper I), combined with a cohort effect, which means that those who start
drug driving at a young age tend to continue to use drugs and drive while growing
older, resulting in an increasing number of drug drivers turning 40 years for every
study year. Christophersen et al. (23) found a high re-arrest rate among DUI
suspects, confirming that many substance users continue to drive under the
influence while growing older. Although a cohort effect was observed among the
arrested drivers, our study did not use a cohort design; we were unable to follow
individual drivers over time. The observed cohort effect might be influenced by

selection bias.

53



A continuous increase in age was also observed among the arrested alcohol-positive
drivers, but here the reason was the declining number of young alcohol-positive
drivers rather than the increasing numbers of older ones, especially after 2008

(section 4.5.1).

Alcohol

A higher level of enforcement and reduced per capita consumption of alcohol was
correlated to the reduced level of drink driving in some investigated countries (185).
The declining alcohol use prevalence among DUI suspects below age 40 years after
2008 in Norway may be related to the alcohol sales in Norway, which after an
increasing trend started to decline in 2008: alcohol sold in Norway increased
continuously from 5.7 litres per capita in 2000 to 6.8 litres per capita in 2008, but
thereafter declined to 6.0 litres in 2015, and 5.9 litres per capita in 2017 (186, 187).
In addition, some alcohol is brought into Norway from sales at airports, ferries, or at
the Swedish border; the sales numbers from these sources have increased slightly
from the first registration in 2010, and was 0.8 litres per capita in 2017(187). The
available numbers may indicate a slight decline in total alcohol consumption in
Norway after 2008, at least among parts of the population, as those buying alcohol at
airports and the borders do not necessary include all age groups. A positive
correlation between changes in sales of alcohol and in the number of drink drivers in
Norway and Sweden has been reported (188), although the findings for Norway did
not include the period of 1990-2010, when sales numbers increased while the
number of drink drivers declined (189). The trend in drink drivers in Norway in
1990-2010 could have been influenced by the reduction in 2001 of the legal limit for
alcohol from 0.5 to 0.2 g/kg, which could have had a preventative effect. Another
possibility is that the relation between alcohol consumption in the general
population and drink drivers in recent years is valid only among the youngest
drivers. In population surveys among young adolescents, alcohol use has been
reported to decline continuously from 1999 to 2015 (187); the declining alcohol
consumption among the new generations could be related to the decline in young

drivers in their 20s being arrested for drink driving in the past years (Paper I).
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2008 can be characterised as the year when the financial crisis reached Norway and
Europe. A relation between economic recessions and changes in the number of traffic
fatalities has been shown in some countries in previous recessions, and in all
investigated OECD countries during the 2008 recession; economic recession has
been associated with a disproportionate reduction in driving among high-risk
drivers (190). The same mechanisms might have influenced the results in Norway in
2008. A combination of the 2008 recession and declining sales of alcohol might be
related to the decline in number of arrested young alcohol-positive drivers after
2008. A study on alcohol-positive fatally injured drivers from Finland supports the
theory; this investigation of all fatal road traffic crashes in 2000-2016 revealed a
strong positive correlation between recorded alcohol consumption and the number
of alcohol-related fatal road traffic crashes, and a strong negative correlation
between the alcohol price index (changes in retail prices owing to inflation and

taxes) and number of alcohol-related fatal road traffic crashes (181).

We are not aware of any change in enforcement, laws, or other factors in 2008 that
could explain the trend change among young arrested drivers. In 2012, however,
legal limits for drugs other than alcohol were implemented, and the police had
extended possibility to use signs and symptoms testing. The attention to easier
methods in mass media for the police to convict drug driving could have resulted in
an increased perceived risk for being arrested for drink driving after 2012,
preventing more people from driving after use of alcohol. This could be related to
our finding that the number of all alcohol-positive drivers declined after 2012; the
decline in number of those aged below 40 years occurred at an even higher rate and

that in those aged 40+ began in 2012 (section 4.5.1).

Medicinal drugs

The annual number of findings of opioids, benzodiazepines, and z-hypnotics among
DUI of drugs suspects remained stable in 2000-2015, although the prevalence
decreased owing to the increasing number of drug-investigated drivers testing

positive for only illicit drugs (Paper I).

55



The medicinal drugs used by suspects of DUI of drugs could have been purchased at
pharmacies based on valid prescriptions but could also have been obtained from
illegal sources. In Sweden, more than half of the arrested drivers who tested positive
for benzodiazepines, z-hypnotics, or tramadol had obtained the drugs from the illicit
market; for flunitrazepam and diazepam, the proportion was about 75% (191). The
situation could be similar in Norway. The number of prescriptions of
benzodiazepines and opioids per population has declined in Norway during the past
years (192) but may be unrelated to the declining prevalence of medicinal drug use
among DUI of drugs suspects based on the following:

1) In most cases, benzodiazepines are prescribed to users aged above 60 years (193),
whereas the majority of the DUI of drugs suspects who had used benzodiazepines
were aged under 40 years (Paper I).

2) Benzodiazepines (including z-hypnotics) or opioids detected among DUI of drugs
suspects were rarely found without additional presence of drugs from other drug
classes (Paper I). In addition, the concentrations found among the suspects were
often higher than common therapeutic levels. Only 0.9% of the suspects who tested
positive for benzodiazepines or z-hypnotics in 2013-2015 could have been using
allowed therapeutic doses; some had concentrations above the legislative limits
(194).

3) The most detected benzodiazepine among the DUI of drugs suspects was
clonazepam (Paper I), which is rarely prescribed, and only to about 10,000 users in
Norway in 2015. As a comparison, diazepam was prescribed much more often, to
about 110,000 users in 2015 (193). According to seizure statistics, however, the
proportion of clonazepam seizures among all benzodiazepine seizures increased
from 14% in 2005 to about 50% in 2015 (195, 196). Clonazepam was thus mainly

obtained from the illicit drug market.

There seems to be a good correlation between benzodiazepine seizures and use
among arrested drivers; other examples of positive correlations between
benzodiazepines used by DUI of drugs suspects and seizure statistics are given in a

previous study (197).
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Illicit drugs

For substances that are relatively frequently used, seizure statistics from customs
and police can be a good indicator of the changes in availability of the substance. In
Norway, the frequency of both cocaine and amphetamine/methamphetamine
seizures increased slightly in 2006-2015; however, the total amounts did not
increase significantly, and the potency decreased. Cannabis seizures dominate the
seizure statistics, and the potency of drugs seized has increased over time (195). The
annual number of cannabis seizures remained at about 4,500 between 1990 and
1996, and thereafter started to increase for every year between 1997 and 2001,
followed by plateau, and finally another increasing trend from 2008 to 2013 (198).
Both the changes in trend towards increase in number of seizures registered in 1997
and in 2008 were reflected among drivers arrested by the police suspected of DUI of
drugs (Paper I). The prevalence of cannabis use among the drivers increased in
1997; however, no further increase was noted after 1999. Meanwhile, cannabis use
also increased among drivers between 2013 and 2015. Despite these minor
differences, the seizure statistics indicate an increased availability of cannabis in
Norway in those years where we observed an increasing trend in drivers being

arrested and found positive for cannabis.

The largest increase in cannabis-positive drivers, both in numbers and prevalence,
occurred after 2008, which showed a marked trend change (Paper II). The
availability of cannabis increased sharply after 2008, based on the seizure statistics,
and this was likely related to the observed increase in use of cannabis among
arrested drivers. However, there may be other possible explanations for the
increasing trend among drivers. Two roadside surveys performed in 2008-2009 and
2016-2017 did not find an increased prevalence of cannabis (THC) use among
drivers in random road traffic (199), suggesting that the increase in number among
arrested drivers might have a different explanation than the increased number of
cannabis-using drivers. The stable trend found when comparing these two roadside
surveys could be influenced by the implementation of roadside drug tests in 2015,

which received media coverage and could have led to a preventive effect in 2016-
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2017, the years after our study of arrested drivers ended. Thus, any direct

comparison is difficult.

A review by Cascini et al. described a tendency of increase in THC content in
cannabis products worldwide in 1979-2009 (200). A comprehensive study in France
revealed that the THC content in cannabis resin seized in France increased slowly in
1992-2009 and thereafter increased from 10% in 2009 to 23% in mid-2016; THC
content in herbal cannabis increased from 2% in 1995 to 7% in 2009, and to 13% in
2015 (201). In the US, a gradual increase in THC content in cannabis products was
observed in 1995-2014 (202). Higher THC concentrations in cannabis products
might have led to more significant impairment among users. With higher
impairment, the crash risk and chance of being arrested are likely to increase; hence,
some of the observed increases in the number of DUI of drugs suspects testing
positive for THC might have been caused by the higher proportion of them being

arrested, and not due to a higher number of cannabis-using drivers.

The hypothesis related to the increased potency of cannabis products is rather
complicated to verify in Norway. An analysis of cannabis products seized in Norway
in 2013-2014 did not reveal high-potency cannabis (203). Meanwhile, our results
showed an increase in mean THC concentrations detected among arrested drivers
from 4.5 ng/ml in 2009 to 7.0 ng/ml in 2015 (section 4.5.2), which might indicate an
increase in THC concentrations in cannabis products used in Norway, despite the
lack of such findings in the analysed seizure samples. Further complicating the
picture is the fact that a part of the increase in detected THC concentrations was
most likely due to reduced time from the police’s apprehension of drivers till blood
sample collection. Because the THC concentration in the blood drops fast after
intake, the median decrease in time to blood sample collection from 2008 to 2015 of
12 minutes (section 4.5.2) could slightly increase the median THC concentration
measured (85). Moreover, as both concentration intake of THC and time of intake
prior to apprehension are unknown, it is not possible to calculate and state exactly
how much reduced time to blood sample collection contributed to the observed

increase in THC concentrations. Nonetheless, the increasing THC concentrations in
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cannabis products is not likely to explain fully the trend change towards more
cannabis-positive arrested drivers after 2008/2009, because the number of those
who were multi-substance users with additional use of cannabis increased faster
after 2008/2009 (Paper II), and they would probably have been detected by the

police for impaired driving even without additional use of cannabis.

The Mobile Police Service, which arrested about 12% of the drivers included in this
study, has announced that they have gradually improved their skills in recognizing
the signs and symptoms of drug use through training programmes. They have also
stated that traffic controls in recent years have, to a higher degree, focused on places
with expected high prevalence of drug and drink driving (personal information from
G. B. Clausen, The Mobile Police Service). In addition, the Mobile Police Service has
implemented ANPR equipment, which enables them to recognize easily cars owned
by drivers who have been convicted for DUI or involved in drug-related crime,
thereby increasing the chance of apprehension. Based on the samples analysed for
only alcohol, an increased proportion of the drivers at the end of the study period
had been arrested under suspicion after being observed in traffic controls, compared
with in the first years when more samples were taken of drivers involved in road
traffic crashes (section 4.5.1). Some studies have reported that cannabis users might
be able to compensate for some of the impairing effects they notice, e.g. by taking
fewer risks and driving more slowly (204-206), although they are not able to
compensate for slow reaction during unexpected events and some other impairing
effects of cannabis (79, 206). A higher proportion of cannabis-using drivers who
drive relatively carefully, despite showing some symptoms of cannabis use, might
have been arrested because of the improved skills among the police. We would
expect the total numbers of DUI suspects to increase, or the proportion of the
analysed suspects found positive for drugs or alcohol to increase, if the increase in
cannabis findings was due to increased skills among the police; however, both trends
remained stable (Paper I). Meanwhile, we were unable to identify and separate
samples from drivers arrested by the Mobile Police Service from the remaining
samples from other police divisions. Such data might reveal different concurrent

trends.

59



The final conclusion on this matter is that we do not have sufficient information to be
able to describe to what extent the observed increase in cannabis use among
arrested drivers could be explained by reasons other than an increase in use of
cannabis combined with driving. The observed increase could be due to a
combination of increased availability of cannabis, increased potency of cannabis
products, and improved skills among the police. It could also be that more people
who use cannabis now combine use with driving, because of the more liberal
attitudes towards cannabis use in society. Norway has had a relatively tempered
public debate on cannabis decriminalisation and legalisation in the past few years,
with the involvement of politicians, the police, researchers, doctors, and both
conservative and liberal organisations; the debate can be characterised as polarised
(207). Legalisation and decriminalisation of cannabis in some US states during the
past years have probably contributed to fuelling the Norwegian debate. The
polarised debate might have contributed to the lower risk perception or broader
acceptance of cannabis use among Norwegians in the past few years. A study among
15-16-year-olds in Norway showed that although use opportunities were stable in
the years 2007, 2011, and 2015, use among those with such opportunities increased
significantly during the period (208).

5.1.3 Trends among Kkilled drivers

In our study of fatally injured drivers and riders, we found a decline in alcohol use
prevalence (Paper IV), which correlated with the trend revealed among the arrested
DUI suspects in Norway (Papers I and II, additional results section 4.5.1), in addition
to international trends. Christophersen et al. (209) compared published studies from
Brazil, Australia, Norway, Spain, and the US, and found that a general trend in high-
income countries was the decreasing proportion of alcohol-related road traffic
crashes and increasing proportion of cannabis- and stimulant-related fatal road
traffic crashes in the past decades. Our study did not have sufficient statistical power
to analyse a possible trend in stimulants and cannabis among fatally injured drivers
in Norway. An increase in stimulant use among the oldest arrested drivers in the

past years (Paper [) might indicate a similar trend among fatally injured drivers, if
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the data were analysed by age groups. The prevalence order of substance groups
found among fatally injured (Paper IV) and arrested drivers (Paper I) was the same,
which strengthens the theory that arrested drivers suspected of DUI and users of
drugs and alcohol fatally injured in road traffic crashes belong to the same sub-
population of high-risk drivers. The argumentation for this is as follows: in cases of
DUI of psychoactive substances, the driving performance and attention are often
reduced. Whether the drug- or alcohol-influenced driving trip ends as a road traffic
crash or not is related to several factors, such as the degree of intoxication or
impairment, speed, road traffic density, road conditions, weather, and risk-taking
behaviour, as well as any random factor. In other words, arrested substance-positive
drivers could have ended up being fatally injured in a road traffic crash instead of
arrested by the police. Owing to the low number of fatally injured drivers in Norway,
statistically verifying the findings is difficult. Trends among arrested drivers were

therefore used as proxy for trends among fatally injured drivers.

Other countries have been able to report trends in drug use among fatally injured
drivers. In Canada, findings of cannabis and cocaine increased significantly among
fatally injured drivers between 2000 and 2012 (210). In six US states with high
investigation rate, the use of cannabis and psychoactive medicinal drugs increased
significantly among fatally injured drivers between 1999 and 2010; alcohol use
prevalence remained stable at about 39% (211). It should however be mentioned
that the database used in this US study (211) only contained information about the
top three substance groups detected in the drivers blood or urine (161), which limits
the interpretation of the drug trends found. Another study from the US found that
alcohol-related traffic deaths involving 18-24-year-olds increased in number from
1998 to 2005, but then declined until 2014 (212). Between 2007 and 2017, the
prevalence of positive drug tests increased significantly among fatally injured
drivers, indicating an increasing problem with drug driving in the US. However,
reliable trends in individual drugs used during this period could not be found,

because the FARS database only records up to three drug test results (213, 214).
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In six US states, opioid use increased seven-fold among fatally injured drivers
investigated in 1995-2015 (215). Moreover, the increase in opioid use among
drivers in the US reflects a national problematic situation where misuse of and
overdoses from opioids in the population has increased, initiated by aggressive
prescribing practices (216). Meanwhile, opioids were rarely detected among the
Norwegian fatally injured drivers (Paper IV); Norway has not experienced a similar

opioid crisis so far.

5.2 Driving errors and characteristics of impaired versus sober Kkilled

drivers

5.2.1 Risk factors associated with drug/alcohol impairment

When comparing data from fatally injured drivers impaired by drugs or alcohol
(above concentrations corresponding to BAC 0.5 g/kg) to those sober, positive
associations were found between impairment and the driver-related risk factors of
speeding, non-use of a seatbelt, and not having a valid driving licence (Paper III).
Among riders, being impaired from alcohol was associated with non-use of a helmet

and not having a valid driving licence (Paper III).

Associations between substance use and the risk factors of road traffic injury have
also been investigated by other researchers. A national survey in Spain investigated
associations between reported use of cannabis or cocaine and non-use of motorcycle
helmet or seatbelt, and found, by multivariable logistic regression, use of cocaine, but
not cannabis, to be associated with non-use of protective gear (217). Cannabis was
neither associated with non-use of a helmet or seatbelt in our study (Paper III).
Cocaine was not investigated in depth in our study because only one driver and one
rider had cocaine detected in their blood, which did not exceed the concentration
limit for inclusion. Another survey was performed in Texas among women aged 16—
24 years to investigate the associations between prescription drug misuse and past-
month risky driving behaviours. Using multivariable logistic regression, the study
found associations between past month prescription misuse and both drink driving
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and non-use of a seatbelt (218). In our study, we found medicinal drugs to be
associated with non-use of a seatbelt. The combined effect of alcohol and medicinal
drugs was not investigated in our study; we isolated the effect of medicinal drugs by
including interaction terms in the regression model (Paper III). The additional use of
illicit substances or alcohol among 62% of the Norwegian drivers who had used
medicinal drugs when fatally injured in a crash implies that their use of medicines

might be classified as prescription misuse as well.

In a study using data from fatal road traffic crashes in the US, speeding and other
unsafe driving behaviours were tested across drug and alcohol groups by
multivariable logistic regression; associations were found between speeding and the
substance classes of cannabis, stimulants, and alcohol, and between non-use of a
seatbelt and the same substance classes, in addition to medicinal drugs (159). In
comparison, our study found speeding to be associated with stimulants and alcohol,
but not with cannabis use; non-use of a seatbelt was associated with all substance
classes except cannabis. The difference in associations found between cannabis and
unsafe driving behaviours could be attributed to the low statistical power in our
study, or to the different selection bias when choosing drivers to test for
toxicological analysis between the US and Norway. It could also be due to better
awareness among users in Norway about the impairing effects of cannabis; hence,
more cannabis-impaired drivers in Norway might have attempted to compensate for

the impairing effects by driving slowly and using a seatbelt.

In all, the associations between impairment by drugs or alcohol and unsafe driving
behaviours found in our study were in line with the associations reported in other
studies. However, the interpretation of the results is not as straightforward. There is
evidence from experimental studies that all the psychoactive substance groups
included in our study reduce driving performance to some degree (63, 66). In Paper
I1I, we used graded sanction limits corresponding to a BAC of 0.5 g/kg for inclusion
in the impairment group, which is about 2.5 times higher than the Norwegian per se
limits; for stimulants, concentrations five times the per se limits were used. This was

done to ensure that the selected drivers were likely impaired by the detected
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substances. However, whether the impairing effects of the drugs and alcohol
constituted the main reasons for the recorded driving errors leading to fatal road
traffic crashes cannot be documented. It could be that those willing to disobey the
laws and social norms by taking illegal drugs or alcohol prior to driving have
impulsive or sensation-seeking personality or low risk aversion, which could lead
them to drive unsafely even when not under the influence of illegal drugs or alcohol.
High sensation seekers more often take risks in traffic, in addition to being more
prone to abuse drugs (219). However, based on evidence of the psychoactive drugs’
effects on driving performance from experimental studies (63, 66), and the over-
representation of psychoactive substances in the investigated road traffic crashes
found in this study compared with normal traffic (199), the explanation that solely
risk-taking personality traits lead to significant unsafe driving behaviour when

psychoactive substances had been used seems unlikely.

When it comes to cannabis, which has recently become a legal recreational substance
in some countries and states, different levels of acceptable use in different regions
might influence the associations found between cannabis use and unsafe driving. If
cannabis use is not accepted in society, a larger proportion of those still using it will
be more likely to have a higher risk-taking behaviour, which also might lead to
unsafe driving. In Norway, the recreational use of cannabis is illegal and is expected
to be rare compared with many other European countries (220). However, in Paper
I1I, we did not find any association between cannabis impairment and unsafe driving
behaviours among killed drivers and riders, except for driving without having a valid

driving licence.

Based on the results from Paper Il, arrested young drivers who had only used
cannabis were expected to have been driving unsafely because the initial cause of
attention from the police is often aberrant or dangerous driving or crash
involvement (section 4.2). However, cannabis-positive young drivers could not be
investigated separately from the fatally injured drivers owing to the low statistical
power of the study. A recent case-control study investigated crash responsibility

across different substance groups and concentrations (221). They did not investigate
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young drivers separately but emphasised that ‘the risk associated with cannabis may
be higher in young drivers who have a high crash risk at baseline, or in
inexperienced cannabis users who may be less able to compensate for cannabis-
induced impairment’. Further investigations of the crash risk among cannabis-using

young drivers are needed.

We found impaired driving from alcohol or other psychoactive drugs to be
associated with the risk factors of speeding, non-use of a seatbelt, and lack of a valid
driving licence. However, owing to overlapping confidence intervals, we could not
determine which of the drug classes posed the highest risk of each of the risk factors.
Nonetheless, we confirmed that alcohol was associated with most risk factors and
can be expected to be a stronger risk factor for unsafe driving that leads to driver

fatality compared with the other drugs investigated.

5.2.2 Risk factors not associated with drug/alcohol impairment

Drowsy /fatigue driving was not found to be associated with impairment by drugs or
alcohol in our study (Paper III). Kalsi et al. (222) reported that falling asleep (fatigue
cases excluded) while driving is neither related to substance use among fatally
injured drivers in Finland. Meanwhile, we found that drowsy/fatigued driving was
commonly recorded among sober drivers (20%) as an important contributing factor
in road traffic crashes (Paper I1I). Among the preventive measures implemented in
Norway is the installation of roadside billboards reminding drivers to take a nap if
tired. However, our results indicated that more effort should be exerted to prevent

crashes caused by drowsy/fatigued drivers.

Very few of the fatally injured drivers in Norway were recorded as attributed to the
use of a mobile phone, but other forms of distractions were relatively frequently
reported as contributing causes for road traffic crashes (14% among sober and 9%
among drugs/alcohol-impaired drivers, Paper III). Distracted driving leading to
errors and crash might be difficult to verify by crash investigators and might thus be
underreported. In the US, distracted driving-related crashes were cited in about one-

third of the cases reported to be related to alcohol use in 2009 (223). Meanwhile, we
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did not find any association between distracted driving and impairment from alcohol
in our study among Norwegian fatally injured drivers. This could have been because
only the risk factors evaluated to be of significant importance were recorded in the
database used in our study. The assessment by the crash investigation teams in
Norway and in the US might also differ. A study from Finland investigated
observational failures/distractions as an immediate cause for fatal road traffic
crashes and found that this played a role in drivers aged 60 years and older (224). If
this applies to the Norwegian fatally injured drivers as well, that distraction
primarily leads to fatal crashes among the oldest drivers, then it might explain the
lack of association between distracted driving and alcohol in our study, as very few
of the fatally injured drivers aged above 45 years had used alcohol compared with

the younger drivers (Paper IV).

5.2.3 Crash characteristics

Characteristics of the road traffic crashes killing impaired drivers were that they
often occurred at night time, often were single-vehicle crashes, and with the vehicles
often being older than 10 years, compared with the road traffic crashes killing sober
drivers (Paper III). Impaired drivers were more often male and young compared
with the sober drivers. These findings were as expected and have been reported in
most studies investigating fatally injured drivers. However, one of the more
surprising results in our study was that as many as 30% of the sober drivers had not
used a seatbelt when involved in a crash. Although perhaps not being culpable of all
crashes, the sober drivers who had not used a seatbelt were still partly responsible

for the fatal outcome.

Based on unpublished research conducted in Finland (181), alcohol-related health
problems (cognitive impairment, hangover, liver disease) can cause accidents even if
the driver is sober. We did not investigate health status in this study owing to the
low quality of the available data. The impact of alcohol on fatalities in Norway might

also be larger than estimated from those positive for alcohol.
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The higher proportion of drugs found among fatally injured drivers involved in
multi-vehicle crashes and the higher proportion of alcohol found among those killed
in roadway departure crashes (single-vehicle crashes) might suggest that alcohol is a
more significant cause of crash than drugs, probably because the average
impairment level among drink drivers is higher than the average among drug drivers
(225). In addition, impairment from alcohol consumption but not from medicinal
drugs or cannabis was found to be associated with speeding in Paper III. The
different psychoactive effects of the different substances are, in addition to the dose
taken, likely to influence the risk of a fatal road traffic crash. It could thus be an
advantage to investigate differences in crash characteristics across different
substance groups, in addition to those in crashes involving impaired versus sober
drivers. Such a research would require a relatively large sample size to reveal all

possible differences among substance groups.

5.3 Possible reasons for declining road death numbers

5.3.1 Trends in crash characteristics

The number of drivers and riders fatally injured in road traffic crashes in Norway
declined significantly in 2005-2015 (Paper IV). Road improvements, such as
separating lanes with rumble strips, which occurred during the study period (47), in
addition to the sale of safer cars (indicated by the increased proportion of ESC and

ABS safety features, Paper 1V), likely had a significant effect on the fatality rate.

Except for the proportion of ESC and ABS, other investigated crash characteristics
did not change much during the study period. The proportion of fatal head-on
crashes could have been expected to decrease with the instalment of rumble strips
and physical separation barriers at more road kilometres during the study period.
However, the proportion of head-on crashes remained at 54%. This outcome could
partly be explained by a competing effect related to the observed decline in alcohol
impairment among fatally injured drivers, which could have contributed to reducing

the roadway departure crashes the most; a higher proportion of alcohol use was

67



found in roadway departure crashes (basically single-vehicle) compared with

multiple-vehicle crashes.

The crash characteristics related to time of the crash changed somewhat during the
study period. Both for car/van drivers and for motorcycle/moped riders, a lower
proportion of the fatal road traffic crashes occurred at night in the latter part of the
study period (Paper IV). The proportion of fatal road traffic crashes during weekends
was also reduced, although the difference was not statistically significant.
Traditionally, risks of traffic injury are the highest during night-time weekends.
Bjgrnskau described the reduction in risk of traffic injury at night in Norway,
especially among young drivers (226). The declining proportion of young drivers
and riders fatally injured in road traffic crashes in 2005-2015 might be related to
the decline in the proportion of fatal night-time road traffic crashes compared with
daytime weekday crashed (Paper IV). In Denmark, similar findings were reported by
Bernhoft et al. (227), including a markedly steeper decline in young fatally injured
drivers (<25 years old) in 1978-2004 compared with the older age groups, and
characteristics like weekend nights being the typical time of accident among the
youngest drivers. These findings in Denmark could be connected because, as
described by Bernhoft et al. (227) and translated by Fynbo (19): ‘For younger
drivers, DUI has not (yet) become a natural occurrence of everyday life, rather it
relates to something special like weekend parties, road raging or other social events,
and therefore the young drink-drivers are “more likely to be affected by anti-DUI
campaigns and/or police controls than ... older persons where a small - but stable

group - apparently continue to drink and drive [no matter what]’.

5.3.2 Trends in unsafe driving behaviours

Improving cars, roads, and roadsides can mitigate driving errors and lead to reduced
fatality numbers. However, the same efforts could also lead to a higher prevalence of
some unsafe driving behaviours, such as speeding. Our results showed that the
proportion of alcohol impairment, speeding, and non-use of seatbelts among fatally

injured drivers in Norway declined significantly from 2005-2010 to 2011-2015
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(Paper IV). Therefore, additional preventive measures targeting unsafe human

behaviours have been successful, to a large extent.

The fatality numbers from road traffic crashes have been reported to decline in
several high-income countries. The types of preventive measures performed that
helped reduce the fatality numbers have tended to differ across countries. In
Germany, fatalities in road crashes declined in 1994-2002, as did the proportion of
the crashes related to alcohol; stricter legal limits for BAC among drivers and the use
of breath tests for alcohol among drivers were pointed as contributing causes (228).
In Sweden, the fatality numbers of drivers declined in 2000-2009, whereas the
proportion of drivers with BAC of >0.2 g/kg remained relatively stable at about 24%
(136), which might indicate a lack of successful measures preventing people from
driving after use of alcohol in this period, but that other general measures targeted
all drivers. In Norway, declining fatality rates were accompanied by the declining
prevalence of alcohol use among fatally injured drivers (Paper IV). The fatalities
declined the most among the youngest drivers, who had most often used alcohol,
which rarely was present among fatally injured drivers aged above 45 years.
Declining trends in self-reported use of alcohol among young adolescents in Norway
and declining numbers of alcohol-positive young arrested drivers during the past
years, as discussed in section 5.1.2, could also be related to the declining alcohol
trends among fatally injured drivers. In general, declining trends in alcohol use might
therefore have contributed to the declining road fatality numbers in Norway.
Furthermore, the reduction of the legal BAC limit in 2001 and implementation of
legal limits for drugs other than alcohol in 2012, in addition to media attention on
the increased risk for arrest, could have prevented more people from driving shortly
after drinking in the years after modifications were made to the Road Traffic Act. As
mentioned previously, 17 out of the 26 countries studied in Europe had a faster
declining rate for alcohol-related road deaths than for road fatalities of other causes
between 2006 and 2016 (15). Norway was not included in this study, but the results
presented in the present thesis showed that alcohol-related road deaths declined

faster than road deaths caused by all other causes in Norway as well (Paper V).
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Norway has implemented a long list of different measures to reduce speeding, such
as information campaigns, installation of speed cameras that detect average speed
over a distance, placement of billboards along the roadside to encourage safe driving,
roadside controls, strict enforcement, and reduced speed limits on some roads. The
efforts seem to have had positive effects, as fewer drivers in normal traffic drive
above the highest speed limits (229). In addition, the proportion of fatal road traffic
crashes where speeding was reported as a significant contributing factor has
declined (Paper IV). Hence, reduced speed might have contributed to the decrease in
road fatalities in Norway in 2005-2015. In several countries, the instalment of speed
cameras has been pointed out as a major reason for decreasing the numbers of fatal
and serious crashes (38, 49, 230). In Norway, the installation of speed cameras in
2004-2010 led to decreased road traffic crashes with human injury by 9% up to 3
km downstream of the cameras; road traffic crashes with severe or fatal injuries
were reduced by 39% (231). There is more potential for further reduction of speed-
related injuries, as the regulations for where to allow for the instalment of speed
cameras have been strict. Moreover, the testing and installation of speed cameras
that detect the average speed, which have been found to be more effective than
traditional speed cameras, have been slow in Norway compared with many other

countries (48).

As for speeding, different measures have been initiated to reduce non-use of a
seatbelt among drivers in Norway. Examples are roadside controls, strict
enforcement with fines, and information campaigns, and from 2003, the use of
billboards along the roadside that evoke feelings of responsibility over others as a
measure to encourage safe driving (Fig. 6). A study performed by recording seatbelt
use in normal traffic showed a gradual increase in the proportion of drivers and
passengers that used a seatbelt in Norway from 2006 to 2013 (232). This, combined
with a higher degree of seatbelt use among those fatally injured in the latter part of
the study period (Paper IV), leads us to conclude that a higher degree of seatbelt use
might have contributed to the decline in road fatalities in Norway during the past

years. In the US, an increasing trend in seatbelt use among drivers in normal traffic in
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2000-2017 was accompanied with a decline in the proportion of fatally injured

vehicle occupants that were unrestrained (only daytime cases reported) (233).

Figure 6. Remember seatbelt. Billboard along the roadside in Norway. Photo:

Wikimedia Commons (Guttorm Flatabg [CC BY-SA 2.5])

5.3.3 Age and sex trends

Young drivers have been described as at an increased risk of dying in road traffic
crashes owing to immature decision-making combined with a higher degree of
impulsivity and sensation-seeking behaviour, with the latter seen particularly among
men (234). Non-use of a seatbelt, speeding, and impairment from alcohol were more
often risk factors among male than female drivers, and more frequent among drivers
aged below 45 years than among those aged above 45 years (Paper IV). General
measures aimed at preventing non-use of seatbelts, speeding, and drink driving will
therefore, logically, have a potential for improvement among young male drivers.
Our study showed that preventive measures seemed to have been more successful in
reducing fatalities among young males than among female and older drivers. The
proportion of female drivers and the oldest drivers increased among the fatally
injured drivers during the study period, although fatalities involving these groups

also declined in absolute numbers.
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As in Norway, the road fatalities in metropolitan France decreased at a higher rate
among drivers aged below 45 years compared with those aged above 45 years from
2005 to 2013 (end of study); the proportion of drivers aged 15-25 years decreased
the most (234). In Australia, Canada, South Africa, the UK, and the US, the decreasing
number of young road fatalities could be partly explained by the implementation of a
graduated driver licensing programme that requires young drivers to avoid high-risk
driving conditions for some time after they finish the driving licence course.
Examples are restrictions like adult supervision when driving, daytime driving only,
and passenger limits (234). Norway does not seem to have such targeted measures,

indicating room for further improvements.

The continuous decrease during the past years in number and proportion of younger
arrested substance-positive drivers (except for cannabis-positive ones) compared
with older ones (Papers I and Il, additional results section 4.5.1) might be related to
the steeper decrease in young fatally injured drivers compared with older drivers.
Other unsafe driving behaviours, like speeding and non-use of seatbelts, were not
recorded among the arrested drivers and could therefore not be compared with
those fatally injured. In Denmark, in contrast to the case in Norway, the conviction
numbers of young alcohol-impaired drivers increased in 1997-2004, but, like in
Norway, fatal crashes involving younger drivers was reduced at a steeper rate
compared with fatalities among drivers above age 25 years (227). It has been
suggested that the trends in Denmark could be partly explained by the traffic police
having increased their efforts in arresting young drink-drivers in particular, in
addition to the successful reduction in recidivism in this group (19, 227). In
Denmark, all drivers convicted of DUI of alcohol must pass an alcohol and traffic
safety course to be able to return to driving legally (19). In Norway, similar courses
are used only in very few situations. The traffic police in Norway may have increased
their efforts in arresting cannabis-using young drivers, whose numbers increased
after 2008. However, the data did not reveal indications of any total increase in effort
because the total number of DUI suspects and the proportion of them found positive
for alcohol or drugs remained stable during the study period (Paper I). The causation

explaining the observed trends among arrested and fatally injured drivers in Norway
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remain somewhat undiscovered. In Denmark, Fynbo (19) wrote that ‘young people’s
drinking and driving habits in general may have undergone a relatively significant
change over the last couple of decades compared to older drivers’, which also might
help explain how the number of fatalities and convictions has dropped so differently
among young and old drivers in Denmark in 1978-2004. The indications of a more
significant decrease in alcohol consumption among young adolescents in Norway,

compared with adults, are in line with this description.

For motorcycle/moped riders, the trends seem to be similar, except that the
proportion of female riders remained stable instead of increasing and that the
number of fatally injured riders aged 45+ years showed a tendency of increase
during the study period, in contrast to the decline observed for younger riders and
all drivers (Paper IV). The trends observed could be due to improvements targeting
younger riders more than older ones, or to the increasing number of older
motorcycle riders. The declining numbers of fatally injured riders aged <45 years
could be related to the declining proportions of speeding, non-use of helmet, and use
of alcohol in fatally injured riders (Paper IV). Although not investigated, older riders
might be more careful not to drive unsafely compared with younger riders, like we
found for car/van drivers fatally injured in road traffic crashes. If this is the case,
then mitigating the mentioned risk factors among riders will have a minor effect
among the oldest riders, who constituted the largest part of the fatally injured riders

in Norway.

5.4 Methodological considerations
Methodological issues that might have influenced the results or interpretation of the

results are discussed in this section. These issues are closely related to the study

design.
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5.4.1 Study design

The present work used retrospective cross-sectional registry and retrospective time-
series cross-sectional register study designs. Retrospective studies designed as
cross-sectional are well suited and often used to determining the prevalence of
conditions and incidence of events. Cross-sectional studies might also be repeated,
and used to study trends in prevalence over time, called time-series. This design will
not give any information about trends on an individual level but only consider the
total prevalence in the population at different time points. Trends determined from

repeated cross-sectional studies might be influenced by selection bias (235).

Cross-sectional studies are also well suited to assessing associations between
variables in a population. However, cross-sectional studies generally cannot prove
causal relations between variables, such as independent and dependent variables, as
both types of variables are assessed at the same time (59, 235). If the independent
variable is an inherent characteristic, like sex, and the dependent variable is
something developed over time, the cause and effect could only go one way. Caution
in the interpretation of results is important also in these situations because the
association observed between variables could be due to other confounding variables,
and alternative explanations for the results should always be considered (236). Parts
of the discussion sections, both in the papers and in this thesis, focused on

alternative explanations for the interpretations of the results.

Register studies, including those used in this study, often use data originally
collected for other purposes than research, called secondary data when used for
research purposes. An advantage of using secondary data is that they are
inexpensive and take a short time to collect compared with primary data; indeed,
secondary data often yield larger datasets, which have better statistical power (236).
Another advantage with use of secondary and register data is that recall bias is not
an issue, unlike in population surveys where self-reported drug-use and other
sensitive topics are often underreported (237, 238). The disadvantage with use of
secondary data is that the researcher cannot influence the data collection, including

the selection of study subjects (leading to the risk of selection bias), measurement
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techniques (leading to the risk of information bias), and the variables to include
(leading to the risk of confounding effects that cannot be adjusted for). These

limitations are further discussed below.

5.4.2 Internal validity

Internal validity is the degree to which the observed findings in a study sample lead
to correct conclusions/interpretations regarding that particular study sample (239).
An alternatively description is as follows: ‘internal validity means that the study
measured what it set out to’ (240). In Papers I and II, this was determining the
prevalence and trends in drug use among suspects arrested for DUI of drugs. In
Paper III, the purpose was to measure the associations between impairment by
drugs or alcohol and other recorded risk factors of traffic injury among fatally
injured drivers. In Paper IV, the purpose was to measure the prevalence and trends
in impairment by drugs and alcohol and other recorded risk factors of traffic injury
among fatally injured drivers, in addition to investigating possible trends in crash
characteristics. In this chapter, different aspects that could have influenced the
internal validity in Papers [-IV are discussed. Some important factors affecting the
internal validity are sample size, information bias, selection bias, and confounding.

Those factors are discussed below.

Sample size

The sample size of arrested drivers (Papers I and II) constituted more than 100,000
cases and can be described as very large. The sample included all drivers suspected
by the police of DUI of drugs and subjected to blood sampling for analysis of drugs in
addition to alcohol during the study periods. Consequently, the reported prevalence
numbers and trends can be considered reliable and not subject to random errors.
Differences between groups tested in a large dataset might be statistically significant,
as in cases when the difference is minimal and carries no practical implication (241).
P-values denoting statistical significance between groups were not given much

weight in the results discussions in Papers I and II.
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For the studies of fatally injured drivers (Papers III and 1V), almost all killed car/van
drivers and motorcycle/moped riders who were subject to toxicological
investigation were included. The exception was about 5% of drivers and riders killed
in road traffic crashes during the study period, for whom digitised data were not
available. The collected sample size is adequate; however, when categorised into
smaller groups/strata, such as based on age groups or substances used, the size of
the groups were too small in some cases to make reliable conclusions. Some
tendencies were found but were not statistically significant. With a lower sample
size, the difference between groups must be larger than that in a larger dataset to
gain statistical significance. Nonetheless, the lack of statistical significance does not
immediately mean that the tendencies or trends found are false (241), only that the
results be interpreted with care. Some of the results in Papers Il and IV that were
not statistically significant were thus given little or no attention in the discussion

here.

Information bias

Inaccurate measurements or misclassification, described as information bias, might
reduce the internal validity of a study (242). In all the papers, measurements were
analyses of substances in blood samples, which could give the best possible
correlations between detected concentrations and level of impairment caused by
drugs or alcohol. The laboratories were accredited, the methods used for sample
preparation and detection were validated after international standards, and the
laboratories participated in international inter-laboratory comparisons of test
samples. The risk of false positive results was thus minimal, and the reliability of the
toxicological methods used was good. Measurement errors at low concentrations is a
well-known issue, and lower cut-off concentrations for reported results were
therefore restrictive, referring to those used both by the laboratory and in this study.
Some improvements in detecting lower concentrations were reported in the
laboratory during the study period. These were corrected for by using relatively high
lower cut-off concentrations for the results included in this study. Some random
errors might have been committed by laboratory personnel handling the samples or

might have occurred in the verification of the results. Random errors might also have
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occurred when data were manually plotted or scanned into databases. A significance
level of 5% was used in all statistical testing, meaning that some random errors were
calculated for. Post-mortem changes in substance concentrations in the blood might

have slightly lowered the internal validity in Papers IIl and IV (243, 244).

A strength of our study (Paper III), compared with previous ones, is that we analysed
for a comprehensive number of psychoactive substances in blood samples;
practically all samples were analysed for the same drugs and information of all drugs
was available to the researchers. In addition, we used the same cut-off
concentrations consistently during the study period and made a clear distinction
between sober and impaired drivers. Thus, the calculated ORs (Paper III) with a
higher probability reflected the effects of the psychoactive substances on driving
performance, compared with other studies that calculated ORs based on recent use
of psychoactive substances. Some studies have partly based on urine drug testing or
low drug concentration cut-offs in blood samples, which may not reflect impairment,
and might therefore introduce bias to the calculated ORs downwards (158-160).
Meanwhile, our study had one limitation related to this context. Methylphenidate is
included in the Norwegian Road Traffic Act; however, with the lack of literature
confirming its role in increased crash risk or reduced driving performance, this drug
should have been left out of our study. The one case we found that fulfilled our
inclusion criteria of five times the per se limit of methylphenidate was not likely to

have influenced our study results significantly.

In addition to the substances that are assigned with legislative limits, some other
drugs may also reduce the ability to drive safely, such as some antidepressants,
antipsychotics, anticonvulsants. However, few drivers are convicted for driving
under the influence of those types of substances in Norway so the impact of not
including them in our study is small. The so-called Novel Psychoactive Substances
(245) were neither included in our study. They may reduce driving performance, but
are rarely analysed for because of the very quick shift in individual substances

available on the market, each expected to be rarely used.
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In Papers IIl and IV, the other source of data was the Crash Investigation Team
Database. Data recorded in this database are generally expected to be relatively
consistent, as the variables recorded are described in schemas used by crash
investigators. Misclassifications might have occurred because the crash scene
situation is often complex and complicated to analyse; thus, caution is needed when
interpreting any of the findings not found to be statistically significant. Information
on health issues was excluded from the present study, as the recording of health data
had not been done in a systematic and controlled manner for many years (Magnus
Larsson, personal communication). For all variables other than driving licence status
and non-use of a seatbelt, only variables evaluated by multidisciplinary teams as
significant to the road traffic crash or fatal outcome of the crash were included in the
database, and thus also in this study. Some non-significant but occurring driving
errors were likely to have been left out from some of the crash reports. It might be
that some risk factors, such as lack of experience or being tired, were reported less
often among drivers who were clearly impaired by drugs/alcohol than among sober
drivers. A likely consequence would be that some actuals associations were not
discovered in this study. However, the possible under-reporting of some risk factors
is not likely to affect the validity of the associations found in this study, but the ORs

reported might have been inaccurate.

Selection bias

In Papers I and II, the included drivers constituted 100% of all drivers arrested
under suspicion of DUI of drugs, all of whom were subjected to toxicological analysis.
The police selected the drivers based on suspicion; thus, the drivers were not a
random sample of drug drivers in road traffic. Given that the purpose was to study
prevalence and trends among arrested DUI of drugs suspects, selection bias from our
side did not occur. However, it is likely that some drivers suspected by the police of
DUI of drugs were tested only for alcohol in the first part of the study period, because
of less focus on drug driving and because convicting drivers for drug driving only
became easier for the police after the per se limits were implemented in 2012. We

therefore focused most on prevalence trends in drugs detected among those
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investigated for drugs, instead of trends in exact annual numbers of drug-positive

drivers, both in the papers and in this thesis.

Drivers arrested under suspicion of DUI of only alcohol were included in this thesis
in section 4.5.1. Thus, this work included 100% of all drivers arrested under
suspicion of drug or alcohol use. There was no selection bias when handling these
drivers together for the purpose of studying trends in alcohol use among arrested

drivers suspected of DUI of alcohol or drugs.

In Papers IIl and IV, the target population was the fatally injured car/van drivers and
motorcycle/moped riders. Drivers of other vehicle types were not studied because
they were few (about 10% of all fatalities) and constituted a non-homogeneous
population that included drivers of buses, minibuses, trams, tractors, lorries, trucks,
snowmobiles, and all-terrain vehicles. In addition, data on other types of motor
vehicles were not available to the researchers in the first years of the study period.
The unknown proportion of other types of vehicles used by the arrested DUI
suspects makes a direct comparison of findings among arrested drivers/riders and

fatally injured drivers/riders somewhat inaccurate.

In Paper III, the included drivers and riders constituted 63% of the fatally injured
drivers and riders in Norway in 2005-2015; the remaining drivers were not
analysed for alcohol or drugs. The decision made by the police on whether or not to
test for alcohol or drugs may have caused some selection bias affecting the internal
validity. It is possible that the police prioritise testing of drivers who presented

characteristics or behaviour assumed to be associated with DUI.

In Paper IV, all drivers and riders were included when assessing the prevalence and
trends of other driver-related risk factors of road traffic crash. When analysing
impairment by drugs or alcohol, only the 63% who had been subjected to alcohol
and drug testing could be included. The potential selection bias in Paper IV is
therefore limited to the results regarding substance use. There could have been a

change in selection bias over time; we discovered that age, sex, road traffic crash
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type, and other variables differed among those subjected to toxicological
investigation and those not, and also that the differences changed over time (Paper
[V, supplementary table). Thus, changes in selection bias might have influenced the

observed trends in drugs and alcohol use among fatally injured drivers.

Confounders

Confounding variables are associated with both risk factor (exposure variable) and
outcome variable and might be the cause of the association measured between the
two. It is therefore important to know about and adjust for confounding variables
before claiming that the risk factor resulted in variation in the outcome variable. The
problem is that confounding variables often are unknown, known but unrecorded, or

impossible to measure and adjust for.

Age and sex are often considered as confounders. We adjusted for age and sex in
Papers Il and IV (confounding was not an issue in Papers [ and II). High risk-taking
personality, impulsivity, and cultural factors were probably confounding variables
influencing most of the results presented in Paper IIl. We were not able to adjust for
these factors, although adjusting for age and sex probably resulted in adjustment for
some of the confounding effects, as high-risk driving tends to be more prevalent
among young men. The lack of adjustment for personality and cultural factors was,
however, unlikely to affect our results significantly, only the interpretation of the
results. Furthermore, problematic drug users often have somatic or mental diseases,
either as a consequence of their drug use or the other way around, which might also
reduce their driving skills. We could not adjust for such variables. We found and
reported associations between different substance groups and unsafe driving
behaviours but had thus too limited information to claim that the effects of the drugs

alone caused the unsafe driving behaviours.

Other factors likely to influence injury severity when involved in a road traffic crash
are the safety features and crash-worthy design of the vehicle. As an indicator of the
safety level of the vehicle, we used the age of the vehicle (more or less than 10

years). This and some other variables related to the crash were adjusted for in an
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additional model (Paper III). These variables were either confounders or effect
modificators (only associated with either the outcome or exposure variables). The
purpose was to isolate the effects of the drugs on driving performance as much as
possible by comparing equal groups of drivers and conditions. This additional model
changed the results only slightly, implying that the associations found in our study
were robust. Effect modificators are not necessary to adjust for, but they should
ideally be reported, as they might result in high associations between substance use

and the risk factors for only some of the participants included, not all (59).

5.4.3 External validity

External validity is the ability to generalise study results to a more universal
population. In comparison with experimental studies, observational studies like the
cross-sectional studies used in our study, tend to have higher external validity (236).
However, as with internal validity, a small sample size or improper selection of the

sample might also lower external validity (246).

Generalizability of study results: trends in use of psychoactive substances

The study population used in Papers I and Il was large but selected by the police
based on suspicion of DUI of drugs; the drivers included in section 4.5.1 (additional
results) in this thesis were selected based on suspicion of DUI of alcohol. The risk for
arrest by the police was the highest for those who were the most impaired, as
random roadside controls could detect only a small part of DUI suspects; most were
flagged for observed unsafe driving. The trends in substances used by arrested
drivers might therefore not reflect trends in drug and alcohol use among drug or

drink drivers who were not arrested by the police.

The reasons for police apprehension during the study period could have changed.
The Mobile Police Force has attempted to focus their random roadside controls to
times and places where they are more likely to detect drug and drink drivers.
Moreover, there has likely been a higher proportion of roadside controls detecting
DUI suspects in the latter part of the study period; this assumption is based on the

reported source of the only-alcohol samples (additional results, section 4.5.1).
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Change in police procedures has therefore likely influenced the trend results and

generalizability of the results, the degree of which is difficult to estimate.

Comparing our results with those in similar studies performed in different settings
might give a better idea of the external validity of our results. The trends found in
our study were in line with those found among DUI suspects in other countries
(mentioned in section 5.1.2), and similar to the trends found among the fatally
injured drivers investigated for drugs and alcohol, although the drug trends were not

statistically significant (Paper IV).

Our results did not resemble findings from studies of drug and alcohol use by drivers
in normal road traffic (199). Meanwhile, the decline in alcohol use coincided with the
reported trend in the general population (187), and illicit drug trends among the DUI

offenders were in line with seizure statistics in Norway (described in section 5.1.2).

Trends in the use of psychoactive substances in the general population might be
related to those among high-risk drug users. A strong positive association have been
found in some countries between changes in mean consumption of alcohol in the
population and changes in the prevalence of heavy drinkers (247). DUI suspects or
substance-positive fatally injured drivers can be classified as high-risk drug/alcohol
users, and comparing them with the general population in terms of trends in drug
and alcohol use is therefore relevant. Revealing population trends, however, is
difficult as participation in population surveys is voluntary and under-reporting is a
well-known problem. In Norway, self-reported alcohol consumption is about half of
the amount consumed indicated by revenues from alcohol sale (187). Thus, it is
expected that some people drink significantly more than reported in the population
surveys. In addition, trends in use of drugs or alcohol in the population do not
necessarily mean that the trends can be reflected among those driving after use.
Roadside surveys are therefore needed. The problem is that these surveys, like
population surveys, are subject to under-reporting because participation is
voluntary. The most comprehensive roadside survey in Norway was performed in

2008/2009 and repeated in 2016/2017 (199). The proportion of alcohol and
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cannabis use among the drivers did not change, and the proportion of use of other
drugs declined. However, the statistical power of the study was not large enough to
detect a possible decrease in alcohol use, and the study results may not necessarily
contradict the alcohol trend found among arrested drivers. The latter roadside
survey was performed the year after our last study year and after the police started
using mobile drug tests in the end of 2015 (Drager DrugTest 5000). Information on
the media about the police’s new tools for detecting drug use at roadside controls
could have influenced people’s driving behaviour after drug use. In this case, the
trend results reported among drivers in normal traffic and among arrested drivers
would be less comparable. It can be concluded that other studies from other settings
neither confirm nor contradict the trends revealed among arrested drivers when the
different limitations in study design are taken into consideration. The
generalizability of our study results thus remains unsure. Trends in substance use
among the DUI suspects resembled those in seizure statistics and could therefore
reflect the availability of illegal drugs, in addition to trends in use among high-risk
drug users who are not necessarily drivers. Trends among the DUI suspects were
also likely influenced by the skills and praxis of the police. Trends among DUI
suspects could also reflect trends in substance use in a broader population, but we

lacked sufficient information to conclude on this matter.

Generalizability of study results: associations between drug/alcohol impairment
and unsafe driving behaviours

The associations found between impairment by drugs or alcohol and other risk
factors of traffic injury (Paper III) were based on the data of 63% of the fatally
injured drivers and riders. There might have been some selection bias, which could
have made the investigated drivers less representative of all fatally injured drivers.
However, the associations presented in Paper III between impairment by alcohol or
drugs and speeding, non-use of a seatbelt, and not having a valid driving licence are
likely to be valid also among other groups of alcohol- or drug-impaired drivers;
however, the ORs will not be the same. Similar results were found in other
international studies among both fatally injured drivers and living drivers

responding to questionnaires (mentioned in section 5.2.1).
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If we had included only drivers culpable for crashes, then the calculated ORs would
also be different. Most drivers testing positive for drugs or alcohol are found to at
least partly be responsible for the collisions (248, 249). If a non-responsible driver
did not use a seatbelt, they may still have contributed to the fatal outcome of the
crash. By including non-responsible drivers in the analyses, the calculated ORs might

better represent all drivers at risk of being fatally injured in a road traffic crash.

The associations reported in our study between individual substance groups and
other risk factors were based on a low sample size. Nonetheless, most of the

associations found were seen in European and US literature as well.

Generalizability of study results: trends in unsafe driving behaviours and crash
characteristics

The study population in Paper IV was originally selected based on the outcome
severity of those involved in road traffic crashes; those investigated for drugs and
alcohol in Papers III and IV were also potentially influenced by suspicion of
substance use by the police. The study subjects were therefore not selected
randomly from the population of crash-involved drivers nor from the general
population of drivers. The findings may represent trends among drivers at high risk
of traffic injury. Because speeding, non-use of a seatbelt, and alcohol impairment
declined both among those fatally injured and among the general driving population
(except alcohol use, which is not confirmed in normal traffic), the general risk of fatal
road traffic crash has likely been reduced during the study period, including among
those not ending up being killed in a road traffic crash. A reduced risk of traffic injury
in Norway was also report by Torkel Bjgrnskau; the risk of getting injured or killed
when driving a car declined from 2005 to 2013/2014 across all age groups when
adjusted for kilometres driven (226).

Meanwhile, trends in crash characteristics, such as the proportion of head-on

crashes, are not relevant to generalise to other groups of drivers.
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6 Conclusions and future perspectives

6.1 Conclusions

In 2000-2015, the numbers and proportions of drivers (including riders) arrested in
Norway under suspicion of DUI of alcohol or drugs and testing positive for alcohol or
drugs remained fairly stable. Drivers who tested positive for cannabis increased in
number and proportion after 2008, whereas drivers testing positive for alcohol
decreased in both aspects. The prevalence of amphetamine use increased among
drivers aged 30+ years and decreased among younger drivers (<30 years). The
prevalence of benzodiazepine and opioid use decreased slightly or remained stable,
dependent on the age group investigated. Furthermore, we found that drivers and
riders fatally injured in road traffic crashes had alcohol concentrations above the
graded sanction limit of 0.5 g/kg less frequently in 2011-2015 compared with the
earlier years of 2005-2010. These trends were in line with trends found among
arrested and crash-involved drivers in other European countries, but cannot
necessarily be generalised to other drivers than drug and drink drivers at high risk of

being arrested or involved in a road traffic crash in Norway.

Among fatally injured car/van drivers, associations were found between being
impaired by alcohol or drugs and other risk factors, like speeding, non-use of a
seatbelt, and not having a valid driving licence. Impairment from alcohol and
stimulants (mainly amphetamines) was associated with all risk factors; impairment
from medicinal drugs, with all except speeding; and impairment from cannabis, with
not having a valid driving licence. Among fatally injured motorcycle/moped riders,
impairment from alcohol was associated with non-use of a helmet and not having a
valid driving licence. The associations found will likely be generalizable to a broader
population, although the ORs may differ in magnitude. Among the riders, there was
not enough statistical power to detect possible associations between other drugs

used and unsafe driving behaviours.
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Furthermore, we found that the prevalence of other unsafe driving behaviours, like
speeding and non-use of a seatbelt, declined among the fatally injured car/van
drivers in Norway. Similar trends were found among motorcycle/moped riders, but
not to a statistically significant degree. The observed decline in both speeding and
non-use of a seatbelt, which had also been reported in normal traffic, might have
contributed to the decline in road fatalities in Norway. These trends were in line with
those found in other European countries and in the US. We also investigated some
crash characteristics. Safety installations like ABS and ESC increased during the
study period and might have contributed to preventing severe road traffic crashes.
The proportion of the crashes that were head-on collisions remained stable during
the study period, suggesting further potential for preventing fatal road traffic

crashes, such as by separating traffic that goes in different directions.

6.2 Future perspectives

There is currently no adequate system for detecting drivers at high risk of impaired
driving prior to arrest for unsafe driving or involvement in a road traffic crash. A
significant risk factor of a DUI offence is to have been arrested for DUI previously
(22, 23, 250). The identification of young drivers at risk of such behaviour and the
prevention of initiation of drug and drink driving would be crucial in preventing
repeated offences and risks posed to other road users. In addition to preventing
young drivers from starting to combine driving with substance use, more could be
done to prevent DUI offenders from repeating their behaviour. Annually, only a small
proportion of convicted DUI offenders, about 500, are sentenced to rehabilitation
(251). This number should be increased significantly. The rehabilitation programme
should also be evaluated to determine whether it can reduce the incidence of

repeated DUI even further.

Only fatally injured drivers were included in this study when investigating significant

unsafe driving behaviours leading to fatality. This could be justified by the fact that
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killed road users during the past years in Norway have been dominated by car
occupants (44). However, it could be that some drugs used by drivers cause
impairment that leads to driving errors, thereby posing a high risk of injury to other
vulnerable road users, but rarely to fatality of the driver themselves, who, in contrast
to pedestrians and cyclists, would be protected by the car bodywork when involved
in a crash. Future studies may investigate the total harm caused by psychoactive
substance use in traffic; that is, including harm to road users other than the motor

vehicle drivers themselves.

Norway is a country with an exceptionally low road fatality rate compared with
many other countries. However, the aim is to work towards a future with no one
killed or seriously injured, as stated in the Vision Zero initiative of 2001. Driver-
related risk factors of fatal road traffic crashes were found in this study to be highly
prevalent among drivers fatally injured in Norway, both among those impaired by
alcohol or drugs and among sober drivers. Most of the fatalities reported the non-use
of a seatbelt or a helmet, speeding, or alcohol-impairment, although the numbers
showed declining trends during the study period. General preventive measures,
including average speed cameras, information campaigns, and roadside controls,
should be continued to reduce further or prevent an increase in the fatalities caused
by unsafe driving behaviours. In addition, to prevent the fatalities where none of the
mentioned risk factors were present, which to a large extent involve drivers and

riders aged 45+ years based on this study, other measures should be sought.

With Vision Zero, the government acknowledges that drivers will commit errors but
that the responsibility should not only be on the driver but also on those designing
the road system. Some of the current improvements made to the road system will
reduce the injury severity of vehicle occupants in the scenario of a road traffic crash.
Older people are more vulnerable to injuries from minor crashes compared with
younger drivers (50, 253); some of the road system improvements might therefore
not have fully good effects on the fatality rate or rate of severe injury among older

drivers even if they show total effects. Specific solutions for protecting older drivers
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from severe injuries when involved in less severe crashes should be investigated and

implemented.

The Norwegian Government has set a target of 500 Kkilled or seriously injured road
users for 2024 and a target of 350 for 2030; the number was 771 in 2017 (252). The
potential for improving road safety in Norway in 2018-2030 by means of 33 road
safety measures has been analysed by Elvik and Hgye (252). They concluded that it
is possible to reach the 2024 target of maximum 500 killed or severely injured by
implementing all measures consistently. Further reduction to maximum 350 in 2030
was however described as difficult to reach; killed road users could be reduced to
below 100 per year if measures are used maximally, but the number of severely

injured road users is more challenging to reduce.

The newest vehicle safety standards proposed by the EU to be included in new motor
vehicles from year 2022 include systems that monitor lane keeping and drowsiness
or distraction, as well as intelligent systems for assisted speeding and braking and
detecting vulnerable road users (254, 255). All these features will help the driver and
other road users from being involved in a road traffic crash that is due to driver error
or inattention. However, the future where all vehicles have these safety features may
not be realised for a while. Work towards promoting better attitudes to safe driving

should be given priority in the meantime.
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This study describes trends in drug use among drivers suspected of driving under the influence of drugs,
apprehended by the police in Norway during 1990-2015. Chromatographically determined toxicological
findings in blood samples were retrospectively investigated. Drug findings above defined cut-off
concentrations were considered positive; hence making the annual prevalence comparable during the
26 years studied.

Blood samples from 112,348 drivers were included, of which 63% were positive for drugs; 43% had
combined drug with alcohol or other drugs. In total, 87% of the drug-positive drivers were men, and a
higher proportion of them were positive for illicit drugs compared to the women. Benzodiazepines and
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l?rr;,g;ence related drugs were found in 57% of the drug-positive drivers, stimulants in 51%, cannabis
Trends (tetrahydrocannabinol, THC) in 34%, and opioids in 18%. The types of benzodiazepines and opioids

changed over time. The age distribution also changed; the proportion of drug-positive drivers above
40 years of age increased for all drug classes. The annual number of suspected drug-impaired drivers
increased by 122% from 1990 to 1999, and by 54% from 2000 to 2015; the annual number of drug-positive
samples increased by 260% from 1990 to 1999, and by 60% from 2000 to 2015. During 2000-2015, an
increasing prevalence of amphetamines was found among suspected drug-impaired drivers above age
30; the highest rate of increase was observed among those at or above age 40. In the same period, the
prevalence of benzodiazepines and related drugs decreased among all age groups, whereas the
prevalence of THC increased; the highest prevalence and rate of increase were among suspected drug-
impaired drivers under the age of 30. The results from this study indicate a slight change in the types of
drugs used by drivers in Norway.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Drunk driving has been regarded as one of the major
contributing factors to road traffic crashes. However, driving
under the influence of illicit drugs and psychoactive medications
are also associated with increased risk of involvement in a road
traffic crash [1-3]. Use of toxicological data from fatal road traffic
crashes to study trends in hazardous drug use is limited in Norway,
due to few cases per year. Data from drivers arrested under
suspicion of drug-impaired driving might be used instead; the
majority of those drivers have been involved in non-fatal road
traffic crashes, aberrant or reckless driving, recognized by the
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Sciences, P.O. Box 4950 Nydalen, NO-0424 Oslo, Norway.
E-mail address: anja.valen@ous-hf.no (A. Valen).
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0379-0738/© 2017 Elsevier B.V. All rights reserved.

police as problematic drug users, or reported to the police by
family, friends or other observers [4]. Toxicological data from
suspected drug-impaired drivers may thus give information about
trends in use of potential traffic-hazardous drugs. Other factors
influencing the risk of road traffic crash when using psychoactive
drug(s) are the dose taken, time between intake and driving,
infrequent or habitual use, and the purpose of use (medicinal
treatment or illicit use) [5].

Trends in drug use in the population might change over time
with availability, price, culture etc. Monitoring drug use among
suspected drug-impaired drivers may provide important data for
revealing new trends in drug use among a subpopulation probably
underrepresented in population surveys. Furthermore, the data
might be useful in evaluation of emerging drugs’ potential for
association with road traffic crashes. Test results from blood
samples are preferred over other materials due to high correlation
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to pharmacological effects. The data might also be useful when
deciding actions to reduce the extent and impact of drug abuse.

Norway implemented a legal limit for driving under the
influence (DUI) of alcohol of 0.5 g/kg (about 0.5 g/L) in 1936 as the
first country in the world, and a law on DUI of drugs in 1959. A
study from 1980 investigated drug findings in blood samples from
drivers suspected of DUI of alcohol and found that a large
proportion were also positive for drugs, particularly suspected
drunk drivers with blood alcohol concentration below 0.5 g/kg [6].
This study concluded that analysis of only alcohol was insufficient
in many DUI cases, and led to an increase in the proportion of
samples submitted for drug analysis. An impairment based
legislation was present at that time, where drug concentrations
in blood, history of drug use, and a clinical examination by a
physician were performed in order to assess whether the driver
could be convicted of DUL

Legal limits were implemented for 20 drugs in 2012 [7] and
eight more drugs in 2016 [8], resulting in a more simple procedure
for evaluating drug findings in relation to the Road Traffic Act. The
drugs selected for legal limits were the most frequently found
psychoactive substances detected in samples from arrested
drivers, known to increase the risk of traffic accidents, in addition
to some rarely observed hallucinogenic compounds for reasons of
principle. The legal limits for medicinal drugs do not apply if the
driver has a valid prescription for the detected drug(s) and the
detected concentrations are in line with the dosage proscribed by
the doctor. In such cases, individual evaluations are performed by
medical experts taking possible tolerance into account. Individual
evaluations may also be performed in cases of multi-drug use, if
none of the drug concentrations are above the highest limit for
graded sanctions corresponding to a blood alcohol concentration
of 1.2 g/kg.

Compared to other European countries, few citizens of Norway
drive while impaired by alcohol [9]. This might be explained by a
long tradition in Norway with traffic controls for alcohol
(roadside breath tests), and strict law enforcement of the legal
limit of DUI of alcohol, which in 2012 was reduced to 0.2 g/kg. In
contrast to alcohol, roadside screening for drug use was not
implemented by the police in Norway until mid-2015 when the
Mobile Police Service purchased ten Drager DrugTest 5000 instru-
ments.

During the last decades we have observed changes in drugs
detected in blood samples from suspected DUI offenders. The aim
of this study was to perform a systematic and thorough
investigation of the trends in drug use among drivers suspected
of driving under the influence of drugs, apprehended by the police
in Norway during the years 1990-2015.

2. Material and methods
2.1. Setting and toxicological methods

In Norway, all blood samples from suspected impaired drivers
are sent to one national laboratory for toxicological analyses. The
laboratory has since 1996 been accredited for analysis of drugs of
abuse in blood (Norwegian Accreditation, Lillestrem, Norway;
www.akkreditert.no/en). The toxicological analyses include
either drugs and alcohol, or only alcohol, dependent on request
from the police, based on their suspicion. During the years 1990-
2015 there were some exceptions: Between 1990 and mid-
1996 some samples from suspected drug-impaired drivers were
not analysed for drugs if they contained a blood alcohol
concentration above the legal limit of 0.5 g/kg. Between mid-
1996 and 1999 samples where only alcohol use was suspected
were also analysed for drugs.

The analytical methods for drugs changed somewhat during the
study period. In the 1990s, blood samples were screened for
cannabinoids, amphetamines, cocaine, opiates and high-dose
benzodiazepines by an immunological method [10]. If other drugs
or low-dose benzodiazepines were suspected by the police or from
the clinical examination, those drugs were screened for by gas
chromatography with electron capture detector (GC-EC) or with
mass spectrometry detector (GC-MS) [11]. From the year 2001, all
samples were screened for both high and low-dose benzodiaze-
pines, z-hypnotics (zopiclone, zolpidem), methadone and cariso-
prodol/meprobamate by liquid chromatography-mass
spectrometry (LC-MS) [12], in addition to the immunological
screening. The LC-MS, GC and immunological screening methods
were replaced in 2009 by a ultra-high performance LC-tandem MS
(UHPLC-MS/MS) screening method for cannabinoids, amphet-
amines, cocaine, opioids, benzodiazepines, carisoprodol/mepro-
bamate and z-hypnotics [13]. UHPLC-MS/MS screening for
gamma-hydroxybutyrate (GHB) and pregabaline was introduced
in 2010 [ 14]; earlier, these drugs were only analysed in cases where
such use was suspected.

In the 1990s, confirmation of positive screening results was
performed by GC with EC- or MS-detection [15-18]. From 2001,
confirmation of amphetamines and cannabinoids continued using
GC-MS, whereas other compounds were confirmed by LC-MS [12]
or UHPLC-MS/MS [19,20]. Alcohol was analysed by an enzymatic
method and by head-space gas chromatography [21,22] during the
whole study period.

If the police suspected other drugs than those included in the
standard analytical repertoire, analyses for more substances was
performed. However, those cases are fewer and with much
variation in the drugs tested, and were therefore not included in
this study.

2.2. Study design and participants

An observational time series study was conducted, using
register data from all apprehended drivers investigated for illicit
drugs or psychoactive medicinal drugs in Norway between January
1st, 1990 and December 31st, 2015.

The extracted data were anonymous and therefore treated as
cases and not individuals, meaning that the same person could be
included more than once during the study period.

2.3. Variables

A research database was made containing the extracted
variables age, gender, year, road traffic crash (Yes/No), and the
results of all performed toxicological analyses. Drug concentra-
tions were considered negative if lower than the legislative limits
for driving under the influence of drugs of 2016 [23], or if lower
than the highest analytical limit of quantification used during
1990-2015. The compounds analysed for and their respective
lower concentration limits are given in Table 1. Zopiclone and
zolpidem were included in the benzodiazepine group because of
their pharmacodynamic similarity with benzodiazepines.

2.4. Ethics

Projects handling data anonymously do not need approval from
the Regional Committee for Medical Research Ethics, according to
the Norwegian Research Ethics Act of June 2006 and the Act on
Medical and Health Research of June 2008. This study was
conducted according to the data processing agreement with the
Norwegian Higher Prosecuting Authority, which is the legal owner
of forensic materials in Norway. In accordance with this
agreement, only anonymous data were used in this study.
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Table 1

Compounds analysed for, legislative limits of 2016, lower concentration limits used (cut-offs), and frequency of findings. The cut-offs were defined as the highest analytical
cut-offs used during 1990-2015, or the legislative limits from 2016 if these were higher than the analytical cut-offs, to make it possible to compare finding during the study

period.

Compound Legislative limit (ng/mL) Cut-off (ng/mL) Finding above cut-off N (%)?
Benzodiazepines and related drugs 40,392 (36.0)
Alprazolam 3.1 15 3800 (3.4)

Bromazepam 32 32 33(0.0)
Clonazepam 13 19 10,923 (9.7)
Diazepam 57 142 16,895 (15)
Phenazepam 1.6 31 377 (0.3)
Flunitrazepam 1.6 3.1 9473 (8.4)
Nordiazepam 108 135 16,063 (14.3)
Nitrazepam 17 84 1488 (1.3)
Oxazepam 172 573 2259 (2.0)
Zolpidem 31 31 747 (0.7)
Zopiclone 12 19 2058 (1.8)
Stimulants 36,178 (32.2)
Amphetamine” 41 41 30,968 (27.6)
Cocaine® 24 61 442 (0.4)
3,4-Methylenedioxymethamphetamine (MDMA)® 97 97 1302 (1.2)
Methamphetamine” 45 45 15,039 (13.4)
Cannabis 24,111 (21.5)
Delta-9-tetrahydrocannabinol (THC)® 13 13 24,111 (21.5)
Opioids 12,703 (11.3)
Buprenorphine 0.4 1.2 1055 (0.9)
Codeine® - 60 2291 (2.0)
Methadone 25 62 1976 (1.8)
Morphine 8.6 8.6 7781 (6.9)
Oxycodone 16 16 311 (0.3)
Tramadol® - 53 512 (0.5)
Other drugs 4089 (3.6)
Carisoprodol® - 1300 1747 (1.6)
Gamma-hydroxybutyric acid (GHB)? 10,400 10,400 980 (0.9)
Pregabalin® - 796 688 (0.6)
Lysergic acid diethylamide (LSD)” 1.0 1.0 2 (0.0)
Meprobamate® - 2180 2407 (2.1)
Alcohol 44,692 (39.8)
Ethanol 0.20g/kg 0.20g/kg 44,692 (39.8)

¢ The percentages are calculated from the total number of samples analysed.
b Defined as illicit drug.
¢ Legislative limit has not been assigned.

2.5. Measurements and statistics

Descriptive analyses were conducted using statistical package
SPSS version 23 (IBM Corporation, Armonk, NY). The significance
level for all tests was set to 0.05. Difference between two medians
was compared by a Wilcoxon-Mann-Whitney test. Difference
between two proportions was compared by a chi-square test of
homogeneity.

Frequency distributions were used for the categorical variables.
The drivers were divided into four age groups: <20, 20-29, 30-39,
and >40 years of age. The number of drug-positive drivers and
frequency of individual drugs and combinations of drugs were
assessed for the different age groups and gender. All measure-
ments were studied annually to reveal trends in drug use among
drug-positive drivers during 1990-2015.

Trends in drug use among suspected drug-impaired drivers
were investigated by calculating proportions of the samples being
positive for the different drug classes during 2000-2015, stratified
by age group. This was not performed for the whole study period
because some of the samples from the 1990s were not analysed for
drugs, and some were analysed for drugs when only alcohol use
was suspected by the police.

Drug use was defined as detection of one or more non-alcohol
drugs, and multidrug use was defined as detection of two or more
non-alcohol drugs. Combined findings of the following drugs and
their metabolites were considered single-drug use: amphetamine
and methamphetamine, carisoprodol and meprobamate, diaze-
pam and nordiazepam. Nordiazepam is itself not marketed as a

drug in Norway. Cases where oxazepam has been detected as a
likely metabolite of nordiazepam have been rare in our laboratory.
Therefore, findings of those two substances together were
considered multidrug use.

Cases with missing data for age or gender were not included in
analyses based on age or gender. However, those cases were
included in descriptive analyses considering other variables.

3. Results
3.1. Participants

In total, samples from 112,348 drivers were analysed for drugs
during the study period. The age distribution of these drivers were:
8% aged <20 years, 39% aged 20-29 years, 28% aged 30-39 years,
and 25% aged >40 years. Eighty-seven percent of the drivers were
men, with median age 30 years; 13% were women with median age
34 years (p < 0.0005). The proportion of female drivers analysed
for drugs increased from 10% in 1990 to 16% in 2007, followed by a
decreasing trend to 13% in 2015.

Information on gender, age, and alcohol concentration was not
available for 46,199, and 134 drivers, respectively (less than 0.2% of
the study population).

As illustrated in Fig. 1, the annual number of drivers suspected
of alcohol- or drug-impaired driving was approximately 10,000
during the study period (average 9536, range 8257-10,647). This
included cases where blood samples were analysed for drugs and/
or alcohol and evidential breath tests for alcohol (about 2000
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Fig. 1. Number of suspected driving under the influence (DUI) cases per year, of which the number of suspected DUI of drugs (DUID) cases are given. The number of samples
analysed for drugs in addition to alcohol (dotted line) illustrates that between 1990 and mid-1996, some samples were not analysed for drugs although suspected, whereas
between mid-1996 and 1999 blood samples where only alcohol was suspected were also analysed for drugs. Given in the figure are also the annual number of drug-positive

samples and findings of different drug classes.

breath tests were performed every year during 1997-2015).
The proportion of cases where drugs were suspected increased
during the study period, from 21% of the cases in 1990 to 59% in
2015.

3.2. Main drug findings

The toxicological analyses revealed findings of drugs and/or
alcohol in 89% of the samples; drugs were found in 63% of the
samples. The annual number of drug-positive samples increased
by 260% from 1990 to 1999, and by 60% from 2000 to 2015. In
comparison, the annual number of suspected drug-impaired
drivers increased by 122% from 1990 to 1999, and by 54% from
2000 to 2015 (Fig. 1). Among the drug-positive, benzodiazepines
and related drugs were found in 57% of the samples, stimulants in
51%, tetrahydrocannabinol (THC) in 34%, opioids in 18%, and other
drugs were found in 6% of the samples. The relative distribution of
the drug classes changed only slightly during the study period
(Fig. 2).

Amphetamine was the individual drug most frequently
detected (found in 44% of the drug-positive drivers), followed
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by THC (detected in 34% of the drug-positive drivers). See Table 1
for frequency of all drugs.

3.3. Drivers involved in a road traffic crash

Forty-seven % of the negative cases (no drug or alcohol found)
were from drivers involved in a road traffic crash (non-fatal), while
among the positive cases only 19% was involved in a crash: a
statistically significant difference in proportions of 0.28, p < 0.0005.

The number of suspected drug-impaired drivers involved in a
road traffic crash increased from 746 in 2000 to 1305 in 2015 (75%
increase). When considering all suspected drug-impaired drivers
involved in a road traffic crash during 2000-2015, the proportion
that was positive for at least one drug was 56% (range 51-61%). The
proportion that was positive for drug and/or alcohol was 79%, with
variation within the range 72-83%.

3.4. Drug use by age

The number of THC-findings increased among all age groups
during 1990-2015. For stimulants, opioids and benzodiazepines

—=—=—benzodiazepines and related
drugs

—¥—stimulants

—o—cannabis (THC)

—e—opioids

—+—other drugs (GHB, pregabalin,
LSD, carisoprodol)

Fig. 2. Distribution of drug classes found among drug-positive drivers during the period 1990-2015.
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and related drugs, the number of positive cases increased from
1990 to 2001/2002 among all drivers aged above 20 years,
thereafter the number continued to increase only for drivers aged
>40 years. For stimulants, a slight increase in the number of drivers
aged 30-39 years was observed after 2008 (data not shown).

Among all drug-positive drivers during 1990-2015, 5% were
aged <20years, 41% were 20-29 years, 33% were 30-39 years, and
22% were >40 years. During the study period, the proportion of
drivers aged >40 years increased for all drug classes (Fig. 3); the
largest increase was observed for the opioid-using drivers. The
cannabis-using drivers were the youngest; about 10% were aged
below 20 years during the whole period.

As previously mentioned, not all samples from the 1990s were
analysed for drugs, and some samples were analysed for drugs
even though only alcohol use was suspected by the police. As
illustrated in Fig. 1, all (and only) the cases where the police
suspected drug-impaired driving were analysed for drugs during
the years 2000-2015. We therefore investigated this time period in
more depth.

The prevalence of stimulants decreased among the youngest
suspected drug-impaired drivers during 2000-2015 whereas it
increased among the oldest drivers, especially those aged
>40 years. The prevalence of THC increased among all age groups
during 2000-2015, with the largest increase observed among
suspected drug-impaired drivers aged below 30 years (Fig. 4).

3.5. Drug use by gender

The increase in prevalence of THC among suspected drug-
impaired drivers aged below 30 years was observed among both
genders from 2009 to 2015; the prevalence increased by 68%
among male drivers and by 78% among female drivers. Between
2000 and 2009 the prevalence of THC among men was stable and
among women slightly declining.
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The increase in prevalence of stimulants among suspected
drug-impaired drivers aged >40 years during 2000-2015 (Fig. 4)
was higher for female drivers (120% increase) than for male drivers
(86% increase).

Among all the drug-positive male and female drivers during
1990-2015, a higher proportion of the male drivers had used
stimulants or cannabis. In drug-positive samples from male and
female drivers, 52% and 46% were positive for stimulants,
respectively; 37% and 18% were positive for THC, respectively. A
higher proportion of the female drivers had used medicinal drugs.
In drug-positive samples from female and male drivers during
1990-2015, 67% and 56% were positive for benzodiazepines and
similar drugs, respectively; 24% and 17% were positive for opioids,
respectively.

3.6. Findings of single-drugs, multiple drugs, and alcohol

The drug-positive drivers were found to be single-drug users in
45% of the cases (32% if excluding those where alcohol was
combined with drug). The following drugs were most prevalent
among single-drug users: amphetamine/methamphetamine
(found in 37% of the cases), cannabis (THC found in 29% of the
cases), and diazepam/nordiazepam (found in 11% of the cases).
Medicinal drugs had been used in 33% of the single-drug cases.
Alcohol was used in combination with single medicinal drugin 45%
of those cases.

When considering combinations of non-alcohol drugs, two
drugs were found in 33%, three drugs in 16%, four drugs in 5%, and
five or more drugs in 1% of the drug-positive drivers. These
proportions changed only slightly during the study period; 48%
were multidrug-users in 1990 and 51% in 2015. Drugs were
mainly combined from two or more drug classes; drugs
were combined only within the same drug class in 6% of the
multidrug-cases.
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Fig. 3. Age distribution during 1990-2015 among drivers positive for A: benzodiazepines and related drugs, B: stimulants, C: THC (cannabis), and D: opioids.



20 A. Valen et al./Forensic Science International 280 (2017) 15-24

100%
oo Age <20 years

80%
70%
§ 60%
[«}]
T 50% °
[
& 40% X o o
s0% X & 80°
20% SSTEXRM Oy X
- L x‘~
Tk X
10% = s
0% **eteeesset®iyyy
2000 2005 2010 2015
100%
oo, ABE 30-39 years
80%
70%
8 60% X -
] Iy 0 -
T 50% Xi?x{ﬁxﬁzmﬁxxf
£ 40% = X
30% 0?
s
20% o%-tv?'ﬁ -_.8_._’
10% L & X °
0%
2000 2005 2010 2015
Year

100%
oo Age 20-29 years

80%
70%
60%
X
50% -X}Xxxx
- - o
40% X = %K_{* o~
0, T ooo‘ —————— o
30% Q‘g_é,er" ooo X
20%
o e
10% 4600050000044
0%
2000 2005 2010 2015
100%
0w Age 240 years
80%
70%
60%
50% KX 5
= - AR T Kok K XX .
40% XX ' Ix&s
(] ——-—- x
30% e
TR P
S SCTNRIVPT I,
10% ©o0e®e5°°°
0%
2000 2005 2010 2015
Year

X Benzodiazepines and related drugs ==Stimulants o THC (cannabis) @ Opioids

Fig. 4. The prevalence of different drug classes among suspected drug-impaired drivers during the years 2000-2015, stratified by age group.

The annual prevalence of alcohol among the suspected drug-
impaired drivers increased slightly from 34% in 2000 to 38% in
2008, followed by a decreasing trend to 28% in 2015. Also among
the drug-positive samples, a marked decrease in annual prevalence
of alcohol findings was observed from 2008 to 2015 (—11%). In
total, alcohol was present in 21% of the drug-positive cases during
1990-2015, most often combined with cannabis or benzodiaze-
pines and related drugs.

3.7. Detdils on drug classes

3.7.1. Benzodiazepines and related drugs

Benzodiazepines and related drugs were found in 36% of the
cases analysed; 34% if excluding the z-hypnotics. Flunitrazepam
and diazepam were the dominating benzodiazepines during the
years 1990-2002 (Fig. 5). Between 2000 and 2002, the number of
flunitrazepam findings increased by 134% to 1823 findings in 2002,
and thereafter decreased by 62% between 2002 and 2003, and
continued to decrease to six findings in 2015. During the years
2006-2015, clonazepam and diazepam were the dominating
benzodiazepines detected, followed by alprazolam. Among other
benzodiazepines, oxazepam and zopiclone were the most preva-
lent in total number of findings.

Benzodiazepines and related drugs were combined with other
drug classes in 75% of the cases. The proportion of samples with

only benzodiazepines or related drugs decreased during 1990-
2015, whereas combined use with amphetamines increased.

3.7.2. Stimulants

The number of blood samples found positive for stimulants
increased between 1990 and 2015 (Fig. 1). The proportion of
stimulants found among the drug-positive drivers increased from
29% in 1990 and stabilized at an average of 52% (range 46-59%)
during 1995-2015 (Fig. 2).

Among the stimulant-positive samples, 95% were positive for
amphetamine and/or methamphetamine; 4% were positive for
MDMA and 1% for cocaine. Amphetamine and/or methamphet-
amine were found in 32% of the total number of cases analysed.
Methamphetamine was most frequently found during 2008-
2013 with about the same number of positive findings as for
amphetamine. Before 2008 and after 2013, amphetamine domi-
nated.

Stimulants were combined with other drug classes in 66% of the
cases, mostly with benzodiazepines and related drugs (in 52% of
the stimulant-cases).

3.7.3. Cannabis

The number of THC-positive drivers increased during 1990-
2015 (Fig. 1), and THC was the most frequently detected single drug
in 2015.
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Fig. 5. Number of cases positive for benzodiazepines and related drugs, disaggregated into individual substances detected (stacked areas). Other benzodiazepines include
bromazepam, phenazepam, oxazepam, and the benzodiazepine-related drugs zolpidem and zopiclone.

THC was found together with other drug classes in 62% of the
cases. During the last six years, an increasing proportion of THC
single-drug cases was observed. We have published a separate
article with more details on the trend for THC [24].

3.7.4. Opioids

The annual number of drivers positive for opioids was low
compared to the other drug classes (Fig. 1). The different opioids
detected during the study period are given in Fig. 6. Morphine
constituted the largest proportion (found in 61% of the opioid-
positive cases); 17% of the drivers positive for buprenorphine or
methadone were also positive for morphine. The number of
samples positive for other opioids than morphine and codeine
increased over time, while the number of samples positive for
morphine or codeine declined after year 2000.

Opioids were combined with other drug classes in 82% of the
cases, mostly with benzodiazepines and related drugs (in 70% of
the opioid-cases). The two drugs without legislative limits of
driving, codeine and tramadol, were found alone without alcohol
or other drugs in 4% and 7% of the cases where those drugs were
detected, respectively.

3.7.5. Other drugs

Findings of carisoprodol and/or its metabolite meprobamate
increased from nine cases in 1990 to 303 cases in 2006, followed by
a drop in number of cases to 11 cases in 2009. No further increase
was detected during 2009-2015.
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4. Discussion

This paper provides an overview of trends in drug use among
suspected drug-impaired drivers in Norway during 26 years.
Benzodiazepines and related drugs, and stimulants, were the most
frequently detected drug classes, followed by cannabis. Annual
prevalence of the different drug classes detected changed only
slightly during the study period, and so did the prevalence of
multidrug use. However, some changes in drug use were noted
when disaggregating the drivers by age group. The key findings
among suspected drug-impaired drivers from 2000 to 2015 were
the high and increasing prevalence of THC, particularly among
drivers under the age of 30, and the increase in amphetamine/
methamphetamine among drivers at or higher than age 40.

The proportion of drug-positive drivers who were above
40 years of age increased during the study period. Our hypothesis
is that at least a part of the growth in age might be explained by a
cohort effect: many drugged drivers who started combining drugs
with driving at young age might have continued doing so while
growing older, and thereby contributed to a continuous increase in
the number of drugged drivers above 40 years of age. At the same
time, only the young drivers who were THC-positive increased
further in numbers after about year 2002. This contributed to an
elevated increased proportion aged above 40 years among drugged
drivers positive for other drugs than THC.

Even though the total number of suspected impaired driving
cases (including alcohol) remained stable during 1990-2015, the

Year

= Buprenorphine Tramadol Oxycodone

Fig. 6. Number of cases positive for opioids, disaggregated into individual substances detected (stacked areas).
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number of both suspected drug-impaired drivers and drug-
positive samples increased significantly, and accordingly. The
rapid increase in number of suspected drug-impaired drivers from
1990 was at least partly due to increased focus on drugs among the
police, but increased drug use is also likely. During 1996-
1999 testing of all blood samples, including those where only
alcohol was suspected by the police, did not result in a substantial
higher number of drug-positive findings, suggesting that the police
observations were highly correlated with the toxicological results.

Performance of a Field Sobriety Test was included in the revised
Road Traffic Act in 2012 to help identifying drug impaired drivers;
it is likely that this causes an increase in the number of samples
submitted for drug analysis. The implementation of roadside drug-
tests in 2015 by the Mobile Police Service has also contributed to
some of the increase in number of blood samples analysed for
drugs in 2015 compared to the previous years. The Mobile Police
Service, which in 2014 apprehended 12% of the drivers suspected of
impaired driving (from alcohol only or drugs), discovered in 2015
18% of these drivers (according to statistics obtained from the
Mobile Police Service).

There seemed to be an over-representation of drug-negative
samples from drivers involved in road traffic crashes. This was
likely due to police investigations to document whether or not the
crash was related to violation of the Road Traffic Act, where blood
sampling for alcohol and drug testing was done on a routine basis,
even in cases were drug impairment was not suspected.

The results of this study have some similarities with findings
from other studies in northern Europe. Suspected drug-impaired
drivers in Finland during 1977-2007 had most often used
benzodiazepines, followed by amphetamines, cannabis and
opioids; the same order of prevalence as in Norway [25]. In our
neighboring country Sweden, amphetamine was also highly
prevalent among suspected drug-impaired drivers whereas only
approximately 1% had used cocaine (year 2001-2004). However,
benzodiazepines were less prevalent in Sweden (10%) than in
Norway [26]. In Scotland, benzodiazepines were frequently found
among arrested drivers in 2008 (83%), but unlike in Norway,
opioids (29%) and cocaine (21%) were found more often than
amphetamine (6%) [27].

There are considerable variations in drug use between regions
in Europe. A study analysing drugs in wastewater found that
consumption of cocaine was highest in western and central Europe
and lower in northern and eastern Europe. Consumption of
amphetamines was highest in northern and eastern Europe [28].
Roadside surveys of the general driving population also found
differences between different European regions. The DRUID
project, which was carried out in 2008-9 in 13 European countries,
found that alcohol, THC, and cocaine were more commonly used by
drivers in central and southern Europe, whereas benzodiazepines
were more commonly used by drivers in northern Europe.
Amphetamines were most common in northern and eastern
Europe [9].

During the last few years the defined daily doses (DDD) of the
different benzodiazepines prescribed per inhabitant in Norway
decreased; the only exception during 2012-2015 was the
benzodiazepine-related drug zolpidem, which increased by 11%.
A slight decrease in the total DDD of opioids prescribed per
inhabitant was also observed during 2012-2015, however with
variations within the drug class [29]. Whether the apprehended
drivers who used medicinal drugs had legal prescriptions was
unknown to us, and we can therefore not evaluate whether the
more restricted prescription of these drugs contributed to the
decrease observed among the drivers. However, the majority of the
medicinal drug users were also positive for drugs from other drug
classes or alcohol, which could be an indication for problematic
use. In a study performed among suspected drug-impaired drivers

in Sweden during 2006-2009, the overall prevalence of non-
prescribed use of psychoactive medicinal drugs was 59%; the
prevalence was highest for young offenders and multidrug users
[30]. Our data show that the benzodiazepine using drivers were
dominated by people aged less than 40 years, whereas the majority
of benzodiazepines are prescribed to users over 60 years of age
according to data from the Norwegian Prescription Database
(NorPD) [31]. This was also found in a previous study [4], and
suggests that a large proportion of the drivers impaired by
benzodiazepines had obtained the drugs on the illicit market.
Further supporting this were findings from another previous study,
where individual benzodiazepines in blood samples from sus-
pected drug-impaired drivers in Norway were compared with
statistics of drug seizures, by year. The changes in prevalence of
alprazolam, clonazepam, diazepam, flunitrazepam, nitrazepam
and oxazepam during 2002-2009 were similar to the changes in
benzodiazepines seized by the police [32]. A similar result was
found in 2015, when the police reported that clonazepam
constituted about 50% of the benzodiazepine seizures in Norway
[33], and clonazepam was detected in more than 50% of the drivers
positive for benzodiazepines and related drugs.

Zopiclone is by far the most frequently prescribed drug in
Norway within the category benzodiazepines and related drugs
[29]. However, there were few findings of zopiclone in the present
study, although previous studies of drug use in general traffic have
revealed frequent use of this drug. Both in roadside studies
performed in several regions of Norway in 2008-2009, and in the
northern part of Norway in 2014-2015, zopiclone was the most
frequently detected drug together with THC [34,35]. This might
indicate that zopiclone users are seldom suspected of drug-
impaired driving, perhaps because of lower abuse potential than
for benzodiazepines, or few impairing effects of the drug. It should,
however, be mentioned that oral fluid was used in the roadside
studies, and a median concentration ratio of 3.8 [36] and 2.4 [37]
have previously been found between oral fluid and blood; thus,
zopiclone may be detected in oral fluid for longer time after use
than in blood. Zopiclone is also unstable during storage [38], so it is
expected that there was some under-estimation of its prevalence
in our study.

Use of amphetamines, benzodiazepines, z-hypnotics, cannabis,
cocaine and opioids have been found to significantly increase the
risk of fatal-, injury-, and/or property damage related road traffic
crashes [2,39,40]. This highlights the importance of reducing
drugged driving. Limiting the availability of drugs with abuse
potential and impairing effects is likely to have the largest impact.
Carisoprodol findings among arrested drivers decreased rapidly
between 2006 and 2009, as a consequence of the change to a more
restricted prescription category in 2007, and complete withdrawal
from the Norwegian market in 2008. Only a limited proportion of
the previous carisoprodol-using patients switched to other
prescribed drugs with abuse potential after the withdrawal [41].
The reduction in flunitrazepam findings among the arrested
drivers after 2002 was due to a successful termination of the
diversion of Rohypnol® from a licit manufacturer in eastern Europe
to the illegal drug-market. At the same time, prescription of
flunitrazepam was restricted, which might have contributing to
further decrease in use of this drug [42]. However, there are
indications that clonazepam replaced flunitrazepam as the
benzodiazepine of choice among problematic drug users after
2002 [42].

Various alcohol policy strategies have shown effect in reducing
consumption of alcohol, drunk driving and alcohol-related traffic
accidents. Examples are high taxes on alcoholic beverages [43] and
high minimum legal age for drinking or buying alcohol [44], low
legal blood alcohol concentration for drivers and related sanctions
[45,46], information campaigns about negative consequences for
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health and safety [47] and frequent traffic controls with breath test
for alcohol [48]. Similar strategies could be used for other
psychoactive drugs. Mass media information about risks for health
and safety when using drugs has been very limited in Norway, and
should be performed. Further restrictions on prescription of drugs
in Norway were initiated in 2016 [49]. However, most of the
drugged drivers have obtained their drugs from the illegal market,
which makes preventing use more challenging. Use of oral fluid
tests for drug screening during roadside tests have been taken into
use in many police districts in Norway in 2016; this will probably
have a preventive effect in addition to help evaluate which drivers
should not be allowed to drive further due to enhanced risk of
causing a road traffic crash.

4.1. Limitations

This study reports drug findings in blood samples submitted by
the police from suspected drug-impaired drivers in Norway.
During the study period, the focus on impairment from drugs has
increased, both because of increasing awareness about drug-
impaired driving and the implementation of legal limits for
20 drugs in 2012 [7]. Therefore, the selection bias might have
changed over time; thus, the increase in drugs found among
drivers suspected of impaired driving cannot be generalized to
drivers in general.

Drug findings during 1990-1995 could be biased because drug
analysis was often not performed if a high alcohol concentration
was detected first. In the 1990s, some drugs were only analysed for
if suspected by the police, or if impairment was suspected from the
clinical examination but no drugs were detected by the first
screening method. During the whole study period, the total
prevalence of drugs found might have been under-reported
because a limited number of drugs were included when analysing
blood samples, and because some drugs might have degraded
between the time of arrest and the time of blood testing. Analysis
of other psychoactive substances like antihistamines, antipsy-
chotics, antidepressants, and new psychoactive substances (NPS)
were not systematically performed, and not included in this study.
Driving under the influence of impairing drugs other than those
analysed for in this study, might have increased in prevalence
without our knowledge.

5. Conclusions

The annual number of drug-positive blood samples increased
by more than five times from 1990 to 2015. This may be caused by a
combination of increased drug use among drivers and increased
focus on drugged driving by the police. The median age of the
drivers also increased, due to a large increase in the proportion of
those aged above 40 years. The prevalence of different drug classes
detected changed only slightly during the study period. However,
the increase during the last few years in use of cannabis among the
youngest and amphetamines among the oldest suspected drug-
impaired drivers might indicate emerging new trends in drug use
among drivers in Norway.
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ARTICLE INFO ABSTRACT

Fatal road traffic crashes are often related to speeding, non-use of a seatbelt, and alcohol/drug-impaired driving.
The aim of this study was to examine associations between driving under the influence of drugs and/or alcohol
and driver-related risk factors that have been reported as significantly contributing causes of fatal road traffic
crashes. The data were extracted from Norwegian road traffic crash registries and forensic toxicology databases.
Drug/alcohol investigated car and van drivers and motorcycle riders fatally injured in road traffic crashes in
Norway during 2005-2015 were included in this study (n = 772). Drug and alcohol concentrations corre-
sponding to 0.5 g/kg alcohol in blood were used as the lower limits for categorising drivers/riders as impaired;
0.2 g/kg was the upper limit for being categorised as sober. Associations between driver-related risk factors and
impairment from specific substance groups were calculated using multivariable logistic regression, adjusted for
other substance groups, age, and sex, and were reported when the confidence intervals did not contain the value
1 or lower. Substances found in concentrations above the impairment limits were mainly alcohol (20%), med-
icinal drugs (10%: benzodiazepines, opioids, z-hypnotics), stimulants (5%: amphetamines, methylphenidate, and
cocaine), and cannabis (4%: THC). The drug/alcohol-impaired drivers had compared to the sober drivers more
often been speeding (68% versus 32%), not used a seatbelt (69% versus 30%), and been driving without a valid
driver license (26% versus 1%). Logistic regression analysis showed that impairment from alcohol or stimulants
(mainly amphetamines) was associated with all three risk factors, medicinal drugs with all except speeding, and
impairment from cannabis (THC) with not having a valid driver license. Among motorcycle riders, drug/alcohol
impairment was associated with not having a valid driver license and non-use of a helmet. At least one of the risk
factors speeding, non-use of a seatbelt/helmet, and driving without a valid license were present among the vast
majority of the drug/alcohol-impaired fatally injured drivers and riders, and also among more than half of the
fatally injured sober drivers.
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Forensic toxicology

Drugs
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1. Introduction

Driver-related risk factors such as speeding, non-use of a seatbelt,
distracted driving, drowsy driving, and drug/alcohol-impaired driving
are often reported as contributing causes of fatal road traffic crashes
(Pietrasik, 2018). Some risk factors of crashes or fatalities in a crash
might be related, either through causal pathways or via personality

traits, age, or health of the driver. A recent driving simulation experi-
ment revealed that alcohol increased driver risk-taking and reduced the
driver’s ability to control the vehicle (Laude and Fillmore, 2015).
Among several risk factors tested in a case-control study of motorcycle
crashes in France, loss of control of the motorcycle was the
most strongly associated with driving under the influence of alcohol
(Wu et al., 2018). The adverse effect of alcohol on driving performance
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is well documented in the literature (Martin et al., 2013). Use of psy-
choactive drugs may also influence driver performance (Verstraete
et al., 2014; Gjerde et al., 2015; Strand et al., 2016; Busardo et al.,
2018).

Associations between impairment from drugs and unsafe driving
behaviours have been previously investigated, basically in studies using
data from the comprehensive US Fatality Analysis Reporting System
(FARS) database (Bedard et al., 2007; Liu et al., 2016; Romano and Voas,
2011). These studies have found associations between drugs detected
and inappropriate speeding, non-use of a seatbelt, passing violations, etc.
among drivers involved in fatal crashes. Drawbacks with previous studies
are that often a limited number of drugs have been included in analytical
testing or limited data have been recorded in the databases used, and no
distinction has been made between acute drug intoxication and earlier
drug use, which limits the interpretation of the results from studies based
on e.g. the FARS database (Berning and Smither, 2014; Compton and
Berning, 2015; Romano et al., 2017). An example of insufficient dis-
tinction between acute intoxication and earlier drug use is use of de-
tected cannabinoids, which both in the blood and urine may include both
inactive and psychoactive substances, hence diluting the results. Use of
delta-9-tetrahydrocannabinol (THC) detected in the urine is also likely to
dilute the results as THC might be detected in the urine days after the
driver was impaired by the drug (Compton, 2017; Hartman and Huestis,
2013). More studies distinguishing between acute drug intoxication and
earlier drug use are therefore needed to supplement the existing litera-
ture on the associations between drug use and unsafe driving behaviours
or road traffic crashes.

Since 2005, all fatal road traffic crashes in Norway have been
analysed in-depth by multidisciplinary crash investigation teams.
Information about each incidence is registered in a database. Using this
information, the Norwegian Public Roads Administration revealed that
in the period 2005-2015, 40% of fatal road traffic crashes in Norway
were related to speeding, and at least 21% of the crashes were related to
alcohol or drug use; 41% of car occupants killed had not used a seatbelt,
and 19% of motorcycle riders killed had not used a helmet (Grimstad
and Engebretsen, 2016). When considering only car/van drivers killed,
33.5% had not used a seatbelt during 2005-2015 (Valen et al., 2019).

A preliminary Norwegian study found that drug/alcohol impair-
ment was associated with speeding or non-use of a seatbelt among car
and van drivers (Bogstrand et al., 2015). That study was based on the
high-quality Norwegian forensic toxicology database, which contains
test results for alcohol and commonly abused drugs quantified in blood
samples by accredited methods. Few study years and limited informa-
tion from the crash investigation teams were however included in the
preliminary study. The aim of the present study was to perform a more
thorough investigation of the association between impairment from
different psychoactive substances and driver-related risk factors re-
ported to have significantly contributed to fatal road traffic crashes,
including both car/van drivers and motorcycle/moped riders in the
period 2005-2015.

2. Methods
2.1. Study design, setting, and selection of participants

This is a retrospective register-based study of car and van drivers
and motorcycle (including moped) riders who were fatally injured in
road traffic crashes in Norway between 2005 and 2015. Drivers and
riders investigated for the use of drugs and/or alcohol were included,
except if there was more than 24 h’ time lag from the incidence to death
without a blood sample being collected within 24 h after the incidence.

2.2. Data sources

2.2.1. Crash investigation team database
The police activate local crash investigators on call from the
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national road authorities in all fatal crashes, and in all other severe
crashes where the police request technical support for their investiga-
tion. The local crash investigators go to the crash site to secure time-
sensitive information, take pictures, estimate possible hazard scenarios,
talk to other rescue personnel at the scene, etc. Technical documenta-
tion of the vehicle continues during the following days. In all cases
where the driver died immediately or within 30 days from the injuries
he/she suffered in the road traffic crash, documentation from the early
investigation was further evaluated in multidisciplinary meetings
where the significance of different risk factors related to the vehicle,
driver, and road were evaluated. The purpose is to reveal the causes of
the crashes and the causes of the fatal outcome of the crashes to suggest
actions to prevent future fatal incidences. Included in the final reports
are both technical information and risk factors evaluated by the mul-
tidisciplinary team to be of significant importance for the occurrence of
the fatal road traffic crash. Assessments of likely undocumented factors,
such as inattention and drowsy driving, are also made based on the
available information. Data and conclusions from the reports are re-
corded in a database operated by the Norwegian Public Roads
Administration. More information about these investigations and the
data were recently published by Sagberg (2018).

2.2.2. Forensic toxicology databases

The police request alcohol and drug testing in approximately 70% of
fatal road traffic crashes. The analyses are performed at two locations in
Norway: the Forensic Toxicology Laboratory in Oslo, which is now a
part of Oslo University Hospital, and the Department of Clinical
Pharmacology at St. Olav University Hospital in Trondheim. Both for-
ensic laboratories are accredited by Norwegian Accreditation
(Lillestrom, Norway; www.akkreditert.no/en). The analytical testing
includes frequently used psychoactive drugs such as amphetamines,
cocaine, cannabis, benzodiazepines, and opioids, in addition to alcohol
and some other drugs with abuse potential. Immunological methods
and/or high-performance gas or liquid chromatography with mass
spectrometry detection (GC-MS or LC-MS) is used for drug screening;
quantification is performed by accredited GC-MS or LC-MS methods.

2.2.3. The road traffic accident registry of Statistics Norway

The police report all serious road traffic crashes to the Road Traffic
Accident Registry, which is operated by Statistics Norway and is the
basis for national statistics on road traffic crashes. Suicide cases are
excluded from the reported statistics, which is in accordance with in-
ternational standards on reporting road traffic deaths (Adminaite et al.,
2018).

2.2.4. Coupling of data sources

An overview of drivers and riders fatally injured in road traffic
crashes, their age and sex and the date and time of the road traffic crash
and results from alcohol and drug testing were obtained by combining
data from the Road Traffic Accident Registry of Statistics Norway and
the Forensic Toxicology Laboratory in Oslo. The coupling was per-
formed based on the Norwegian national identity numbers.
Toxicological results from cases investigated at St. Olav University
Hospital were coupled based on crash site, date, time, age, and sex.
Thereafter, relevant information from the Crash Investigation Team
Database was added.

2.3. Variables

A research database was created containing data on age, sex, time
period of the crash (day/night and weekday/weekend, where night was
defined from 10 p.m. to 4 a.m. and weekend from Friday 10 p.m. to
Monday 4 a.m.), single-vehicle crash (yes/no), vehicles older than 10
years (yes/no), the toxicological results (substances tested for are listed
in Table 1), as well as the following recorded dichotomous data: valid
driver license, speeding, use of a seatbelt/motorcycle helmet, incorrect
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Compounds included in the study, per se limits corresponding to BAC of 0.2 g/kg, and impairment limits corresponding to BAC of 0.5 g/kg.

Compound Per se limit Impairment limit Findings at or above impairment limit
(ng/mL) (ng/mL) n (%)
Car or van drivers Motorcycle riders
(n = 602) (n =170)
Benzodiazepines 60 (10.0) 7 (4.1)
Alprazolam 3.1 6.2 6 (1.0) 0 (0)
Bromazepam 32 79 0 (0) 0 (0)
Clonazepam 1.3 3.2 18 (3.0) 3(1.8)
Diazepam 57 142 18 (3.0) 3(1.8)
Phenazepam 1.6 4.7 0 (0) 0 (0)
Flunitrazepam 1.6 3.1 2(0.3) 1 (0.6)
Nordiazepam 108 271 12 (2.0) 2(1.2)
Nitrazepam 17 42 3 (0.5) 0 (0)
Oxazepam 172 430 6 (1.0) 0 (0)
Z-hypnotics 16 (2.7) 0 (0)
Zolpidem 31 77 4 (0.7) 0 (0)
Zopiclone 12 23 12 (2.0) 0 (0)
Stimulants 32 (5.3) 9(5.3)
Amphetamine 41 205" 20 (3.3) 4(2.4)
Cocaine 24 120° 0 (0) 0 (0)
MDMA 97 4857 1(0.2) 1 (0.6)
Methamphetamine 45 2257 18 (3.0) 7 (4.1)
Methylphenidate 3.5 18 1 (0.2) 0 (0)
Cannabis 23 (3.8) 10 (5.9)
Delta-9-tetrahydrocannabinol (THC) 1.3 3.1 23 (3.8) 10 (5.9)
Opioids 6 (1.0) 3(1.8)
Buprenorphine 0.4 0.9 1(0.2) 1 (0.6)
Methadone 25 62 3(0.5) 1 (0.6)
Morphine 8.6 23 1(0.2) 1 (0.6)
Oxycodone 16 38 1(0.2) 0 (0)
Other drugs 0 (0) 0 (0)
Lysergic acid diethylamide (LSD) 1.0 5.0% 0 (0) 0 (0)
Alcohol 122 (20.3) 19 (11.2)
Ethanol 0.20 g/kg 0.50 g/kg 122 (20.3) 19 (11.2)

Abbreviation: BAC = Blood alcohol concentration; MDMA = 3,4-Methylenedioxymethamphetamine (Ecstasy).
@ Limits are not defined in the Road Traffic Act. Five times the per se limits were used as impairment limits for these compounds.
b Percent of all samples analysed for drugs and/or alcohol, stratified by vehicle (car/van and motorcycle).

position on the road, incorrect driving decisions, technical driving er-
rors, lack of driving or vehicle experience, inattention while driving,
and fatigue/drowsy driving. Speeding was reported when the driver
had been driving inappropriately fast according to the road/driving
conditions, above the speed limit, or involved in hazardous driving.
Other, more rarely recorded driver-related risk factors that to some
degree were based on best judgement were disregarded, such as driving
while stressed, driver overestimating his/her driving skills, partying
atmosphere, and suspicion of suicide (not confirmed by the police).
Variables considering illness or mental stability were disregarded as the
evaluation and inclusion in the database was inconsistent during the
study period; health personnel were included in the crash investigation
teams in 2010. Age was categorised into four groups: < 25, 25-34,
35-44, and =45 years. The rationale was to separate drivers/riders at
different stages in their lives; the young people, often without family
responsibility (< 25 years); those in establishment phase, often with
responsibility for children (25-44 years); those tending to get more
spare time again and better economy (=45 years). The group 25-44
years was divided in two to make results more comparable with other
published studies. Older age groups were not made because the highest
age observed among impaired riders was 53 years, and only 3% of the
impaired drivers were aged above 65 years, meaning that adjusting for
more age groups above age 45 most likely would have reduced the
statistical power without resulting in significantly more accurate re-
sults.

2.3.1. Data processing based on the toxicological results
The drivers/riders were categorised as sober or impaired based on
the toxicological results. The per se limits corresponding to a blood
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alcohol concentration of 0.2 g/kg and the graded sanction limits cor-
responding to a blood alcohol concentration of 0.5g/kg in the
Norwegian Road Traffic Act (Ministry of Transport and
Communications, 2016) were used in this process. The drivers/riders
were categorised as sober if analysed for both drugs and alcohol, with
negative results or concentrations below the per se limits. Drivers/ri-
ders with drug or alcohol concentrations equal to or above the graded
sanction limits were categorised as impaired. Drivers/riders with drug
or alcohol concentrations above the per se limits but below the graded
sanction limits were excluded from the study.

Limits for graded sanction have not been defined for amphetamine,
methamphetamine, MDMA, cocaine, LSD, and methylphenidate; for
those drugs, we considered drug concentrations five times the per se
limits as indications of possible impairment. Those concentrations
correspond to the peak concentrations observed after taking commonly
used recreational drug doses (Vindenes et al., 2012); for amphetamine
and methamphetamine those concentrations are higher than those ob-
served after therapeutic use (Schulz et al., 2012; Schweitzer and
Holcomb, 2002). For amphetamine and methamphetamine, the sum of
their concentrations (if both were present) were required to be five
times the per se limit for amphetamine.

Findings of diazepam and/or morphine resulting from documented
or likely medical treatment after the crash were disregarded during the
formation of the impairment group.

Findings of alcohol were disregarded if the analysis of ethyl glu-
curonide (EtG) and ethyl sulphate (EtS) was performed with negative
results.

The drivers categorised as impaired were grouped according to their
drug/alcohol use as impaired by alcohol, stimulants (amphetamines,
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methylphenidate, and cocaine), cannabis, or medicinal drugs. The with being impaired from drugs and/or alcohol were included in the
medicinal drug group included benzodiazepines, z-hypnotics, and further analyses where the associations were tested across different
opioids (Table 1). substance groups compared to sober drivers. This was performed by

Drivers/riders categorised as sober were excluded from the study if including all individual substance groups and paired interaction terms
there were findings of tramadol and/or pregabalin (psychoactive in the same non-hierarchical multivariable logistic regression model for
compounds that are not included in the Norwegian Road Traffic Act) each individual driver action/condition tested. The interaction terms
that may cause impairment. This was evaluated individually, and were excluded from the analyses if they resulted in empty cells. All of

findings of tramadol above 263 ng/mL (1 pM) (Baselt, 2011; Strand the analyses were adjusted for age group and sex by including those
et al., 2011) and findings of pregabalin above 1590 ng/mL (10 uM; the variables in the models.

lowest value in the estimated range of therapeutic effect) (The The data set for motorcycle riders was smaller, and thus had less
Pharmacology Portal, 2018) were used as lower limits for the exclusion statistical power. The results from the multivariable analyses were
of drivers/riders. therefore verified by an additional test, where impairment from the

substance groups were tested one-by-one against sober riders, sepa-
rately for each unsafe driver action/condition as a dependent variable,

2.4. Statistical methods with age groups and sex as independent variables.

Data analyses were conducted using statistical package SPSS version )
23 (IBM Corporation, Armonk, NY, USA). A significance level of 5% 2.5. Ethical approval
(generated p-value less than 0.05) was together with the confidence

intervals used for the interpretation of the results. Ethical approval was granted by the Regional Committee for
Bivariate analyses using Pearson’s chi-square statistics were used to Medical and Health Research Ethics, approval no. 2010/2191.
compare recorded driver-related risk factors among sober and impaired Permission to include drivers killed in road traffic crashes was granted
drivers by assessing the crude odds ratios and p-values. Fisher’s exact by the Higher Prosecution Authority of Norway and the Council for
test was used to generate p-values in cases with an expected count less Confidentiality and Research of the Norwegian Ministry of Justice. The
than five. None of the risk factors were excluded from further testing Norwegian Registry of Withdrawal from Biological Research Consent
based on the crude odds ratios or p-values, as adjustment for con- and the Registry of Autopsy Material Research Refusal were searched to
founding variables by logistic regression potentially can adjust a non- reveal if any of the drivers/riders killed had not allowed the use of their
significant result to significant. Adjusted odds ratios for the associations data for research purposes.
between driver-related risk factors and impairment were generated in
multivariable logistic regression models adjusted for age group and sex 3. Results

(Model 1) and for age group, sex, and the co-variables time of crash,
single-vehicle crash, vehicle 10 years or older (Model 2). The models 3.1. Participants
used were non-hierarchical; both the dependent variable (impairment)

and all of the independent variables were included in one run. Two From 2005-2015, 602 (63%) of the 950 fatally injured drivers of
models of the adjusted odds ratios were made for each unsafe driver cars or vans and 170 (63%) of the 270 fatally injured riders of motor-
action/condition tested, because adjustment for several co-variables cycles were investigated for drugs and/or alcohol and included in our
(Model 2) potentially could result in a more correct result for the as- research database. Among the investigated drivers, 31% (n = 186)
sociation between impairment and unsafe driver action/condition, but were categorised as impaired by drugs and/or alcohol, and 56%
on the other hand could result in a saturated model with less statistical (n = 338) were categorised as sober. Among the investigated riders,
power, potentially camouflaging a true association. The purpose of 20% (n = 34) were categorised as impaired by drugs and/or alcohol,
Model 2 was to test whether the associations found in Model 1 would be and 69% (n = 118) were categorised as sober. The individual sub-
influenced when additionally correcting for possible differences in stances used by the investigated drivers and riders are given in Table 1.
crash characteristics between the impaired and sober drivers. Characteristics of the investigated drivers and riders are shown in
Driver-related risk factors significantly and positively associated Table 2.
Table 2
Characteristics of crashes and fatally injured drivers and riders.
Included in the database Car and van drivers (n = 602) Motorcycle riders (n = 170)
(n = 772)°
Sober Impaired Sober Impaired
(n = 338) (n = 186) (n=118) (n = 34)
Vehicle 10 years or older 446 (58%) 199 (59%) 143 (77%) 42 (36%) 12 (35%)
Single-vehicle crashes 303 (39%) 79 (23%) 135 (73%) 40 (34%) 24 (71%)
Time of crash®
Weekday 465 (60%) 251 (74%) 65 (35%) 75 (64%) 11 (32%)
Weekend day 170 (22%) 63 (19%) 46 (25%) 28 (24%) 10 (29%)
Weeknight 41 (5%) 9 (3%) 20 (11%) 6 (5%) 2 (6%)
Weekend night 96 (12%) 15 (4%) 55 (30%) 9 (8%) 11 (32%)
Sex”
Male drivers 633 (82%) 250 (74%) 165 (89%) 108 (92%) 34 (100%)
Age groups
<25 206 (27%) 82 (24%) 60 (32%) 29 (25%) 10 (29%)
25-34 157 (20%) 58 (17%) 51 (27%) 24 (20%) 10 (29%)
35-44 130 (17%) 45 (13%) 41 (22%) 27 (23%) 8 (24%)
=45 279 (36%) 153 (45%) 34 (18%) 38 (32%) 6 (18%)

@ Day was defined from 4 a.m. to 10 p.m.; night from 10 p.m. to 4 a.m. Weekend was defined as Friday at 10 p.m. to Monday at 4 a.m.
b Information about sex missing for one sober motorcycle rider.
¢ Among the included drivers and riders, 96 were categorised as neither sober nor impaired.
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The age distributions of impaired versus sober drivers and riders
were different (Table 2) as impairment was more common among the
youngest age groups. The age distributions varied across different
substance groups: the proportions of drivers aged below 25 years were
9% among those impaired by stimulants, 18% among those impaired by
medicinal drugs, 42% among those impaired by alcohol, and 43%
among those impaired by cannabis. For motorcycle riders, these num-
bers were 22%, 25%, 26%, and 30%, respectively. Impairment was rare
among the oldest drivers and riders killed: 19% of the sober drivers
were aged at or above 65 years compared to 3% of the impaired drivers;
3% of the sober riders were aged at or above 65 years compared to none
of the impaired riders (the highest age observed among the impaired
riders was 53 years).

A significantly higher proportion of the impaired than the sober
drivers and riders were killed at night: 33% difference for drivers
(p < 0.0005); 26% difference for riders (p = 0.001). A significantly
higher proportion of the impaired than the sober drivers and riders
were fatally injured in single-vehicle crashes: 49% difference for drivers
(p < 0.0005); 37% difference for riders (p < 0.0005). Use of older
cars, hence cars with less likelihood of having safety installations such
as airbags, electronic stability control, and anti-lock braking systems,
were more prevalent among the impaired than among the sober drivers
(18% difference, p < 0.0005). No difference in the age of the motor-
cycle was observed between the sober and impaired riders (Table 2).

3.2. Prevalence of drugs and alcohol above graded sanction limits

A total of 92% (n = 555) of the drivers were investigated for both
drugs and alcohol; 8% (n = 47) were investigated only for alcohol, of
which 23% (n = 11) had a blood alcohol concentration above 0.5 g/kg
and were regarded as impaired by alcohol.

Among the drivers investigated for both drugs and alcohol, the
prevalence of alcohol impairment was 20% (n = 111) compared to 16%
(n = 89) for drugs. Impairment from medicinal drugs was found in 11%
(n = 61) of the drivers, impairment from stimulants in 6% (n = 32),
and impairment from cannabis in 4% (n = 23). Some of these drivers
had combined substances from different substance groups; those ex-
clusively impaired by alcohol or by substances within the drug groups
medicinal drugs, stimulants, or cannabis constituted 15% (n = 86), 4%
(n = 23), 2% (n = 11), and 1% (n = 7) of the drivers, respectively; the
prevalence of impairment from only alcohol (15%) was significantly
higher than the prevalence of impairment from only one drug group
(7%), (x2 = 15,945, p < 0.0005).

A total of 96% (n = 164) of the riders were investigated for both
drugs and alcohol; 4% (n = 6) were investigated only for alcohol. Of
the latter group, one rider was regarded as impaired by alcohol.

Among the riders investigated for both drugs and alcohol, the pre-
valence of alcohol impairment was 11% (n = 18) as was the prevalence
of impairment from drugs (11%, n = 18). Impairment from medicinal
drugs was found in 5% (n = 8) of the riders, impairment from stimu-
lants in 5% (n = 9), and impairment from cannabis in 6% (n = 10).
Those exclusively impaired by alcohol or by substances within the drug
groups medicinal drugs, stimulants, or cannabis constituted 9%
(n =15), 0.6% (n = 1), 1% (n = 2), and 2% (n = 4) of the riders, re-
spectively.

3.3. Driver-related risk factors associated with drug/alcohol impairment

The frequency of recorded driver-related risk factors evaluated by
the multidisciplinary crash investigation teams to have been significant
causes of the road traffic crashes or the fatal outcome of the crashes are
reported in Table 3. Non-use of a seatbelt and lack of a valid driver
license were reported in all cases when present, not only when eval-
uated by the crash investigation teams to be of significance.

For car and van drivers, not having a valid driver license, speeding,
and non-use of a seatbelt were significantly associated with being
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impaired by drugs and/or alcohol.

If studying only drivers fatally injured in single-vehicle crashes
(n = 214), 79 were categorized as sober and 118 as impaired. The
proportions not having a valid driver license among sober and impaired
drivers were 4% and 27%, respectively; these proportions are slightly
larger than among the total sample of killed drivers. Similarly, the
proportions not using a seatbelt were 44% and 76%, and speeding 44%
and 76%, among sober and impaired drivers, respectively. Due to lower
statistical power, we did not investigate single-vehicle fatalities further.

For motorcycle riders, not having a valid license and non-use of a
helmet were significantly associated with being impaired from drugs
and/or alcohol, except for non-use of a helmet when adjusting for all of
the co-variables listed in Table 2.

3.4. Prevalence of risk factors across substance groups

Car/van drivers impaired by drugs only had less often been
speeding or not used a seatbelt compared to those impaired by alcohol
only, but were more often driving without a valid driver license
(Table 4). Cannabis-impaired drivers had most often not a valid driver
license.

Not having a valid driver license was more prevalent among all of
the substance groups among the motorcycle riders than among the car/
van drivers. Driving without a helmet, however, was less prevalent than
driving without a seatbelt (Table 4). Speeding was frequently reported
both among impaired and sober riders (prevalence 65% and 53%, re-
spectively), whereas speeding was half as prevalent among sober (32%)
compared to impaired drivers (prevalence 68%).

3.5. Associations between driver-related risk factors and impairment across
substance groups

Among the car/van drivers, not having a valid driver license was
significantly associated with impaired driving from all of the substance
groups (Table 5). Speeding prior to the crash was significantly asso-
ciated with impaired driving from alcohol and stimulants, whereas non-
use of a seatbelt was significantly associated with impairment from all
of the substance groups except cannabis. Motorcycle riders impaired by
alcohol were significantly associated with both not having a valid
driver license and non-use of a helmet (Table 5). Riders impaired by
stimulants were significantly associated with not having a valid driver
license. No other substance groups were significantly associated with
the risk factors tested.

As the sample size was not sufficiently large to include interaction
terms in the regression model for motorcycle riders, the substance
groups were additionally tested one-by-one against sober riders, sepa-
rately for each recorded unsafe driver action/condition as a dependent
variable, with age groups and sex as independent variables. The results
obtained for motorcycle riders impaired by alcohol only (excluding
other drugs) were similar as those reported in Table 5; impairment from
alcohol only was significantly associated with both not having a valid
driver license (OR 6.37, 95% CI 1.68-24.2, p = 0.006) and non-use of a
helmet (OR 11.2, 95% CI 3.12-40.3, p < 0.0005) compared to sober
riders. Having a valid driver license among those impaired by stimu-
lants only was however not applicable to testing by this procedure.

4. Discussion

The most prevalent substance found among impaired drivers was
alcohol. The prevalence of psychoactive drugs was lower and domi-
nated by benzodiazepines, followed by amphetamines and THC. This
finding corresponds to the results of European and US studies (Bernhoft
et al., 2012; Brady et al., 2014), except that cocaine was not found in
this report, and opioids were rare compared to among fatally injured
drivers in the US.

We found strong and significant associations between impairment
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Table 3
Frequency of risk factors among car/van drivers and among motorcycle riders, reported separately for sober and impaired drivers/riders. Odds ratios (OR) report
associations between impairment from drugs and/or alcohol (as dependent variable) and the individual risk factors.

Risk factors Sober Impaired Crude OR (95% CI) p-value Model 1 p-value Model 2 p-value
Adjusted OR (95% CI) Adjusted OR (95% CI)

Car and van drivers n = 338 n =186
No valid driver license 4 (1%) 49 (26%)  29.9 (10.6 - 84.4) < 0.0005 23.1 (8.05 - 66.0) < 0.0005 18.5 (6.03 - 57.0) < 0.0005
Non-use of a seatbelt 103 (30%) 129 (69%) 5.16 (3.50 - 7.61) < 0.0005 4.27 (2.85 - 6.41) < 0.0005 2.61 (1.64 - 4.17) < 0.0005
Speeding 107 (32%) 127 (68%) 4.65 (3.16 - 6.83) < 0.0005 3.97 (2.58 - 6.11) < 0.0005 2.51 (1.52 -4.12) < 0.0005
Wrong or missing signal lights 2 (1%) 0 (0%) n/a 0.541 n/a n/a n/a n/a
Incorrect position on road® 25 (7%) 4 (2%) 0.275 (0.094 - 0.803) 0.012 0.236 (0.079 - 0.707) 0.010 0.289 (0.085 - 0.987) 0.048
Incorrect decisions” 26 (8%) 4 (2%) 0.264 (0.091 - 0.768)  0.009 0.248 (0.082 - 0.745) 0.013 0.412 (0.127 - 1.33) 0.139
Technical driving errors® 17 (5%) 12 (6%) 1.30 (0.608 - 2.79) 0.496 1.45 (0.641 - 3.28) 0.372 0.847 (0.302 - 2.37) 0.751
Inattention’ 48 (14%) 17 (9%) 0.608 (0.339 - 1.09) 0.093 0.631 (0.341 - 1.17) 0.141 0.910 (0.440 - 1.88) 0.800
Fatigue /drowsy driving 68 (20%) 22 (12%) 0.533 (0.317 - 0.894) 0.016 0.654 (0.378 - 1.13) 0.128 0.611 (0.322 - 1.16) 0.132
Lack of driving /vehicle experience 33 (10%) 17 (9%) 0.930 (0.503 -1.72)  0.816 0.613 (0.315 - 1.19) 0.149 0.478 (0.218 - 1.05) 0.065

Motorcycle riders n=118 n=34
No valid driver license 12 (10%) 21 (62%)  14.3 (5.72 - 35.6) < 0.0005 17.4 (6.05 - 49.9) < 0.0005 15.2 (4.54 - 50.7) < 0.0005
Non-use of a helmet 15 (13%) 12 (35%)  3.75(1.54 - 9.10) 0.002 3.67 (1.45 -9.26) 0.006 2.76 (0.945 - 8.07) 0.063
Speeding 62 (53%) 22 (65%)  1.66 (0.751 - 3.65) 0.209 1.28 (0.544 - 3.02) 0.570 1.07 (0.409 - 2.81) 0.888
Wrong or missing signal lights 0 (0%) 0 (0%) n/a n/a n/a n/a n/a n/a
Incorrect position on road” 12 (10%) 1 (3%) 0.268 (0.034 - 2.14)  0.299 0.274 (0.033 - 2.29) 0.232 0.155 (0.016 — 1.54) 0.111
Incorrect decisions” 15 (13%) 3 (9%) 0.665 (0.181 — 2.45)  0.765 0.661 (0.172 - 2.54) 0.547 1.01 (0.231 - 4.38) 0.994
Technical driving errors® 18 (15%) 5 (15%) 0.958 (0.327 - 2.80)  0.937 0.894 (0.297 - 2.68) 0.841 1.02 (0.307 — 3.40) 0.973
Inattention” 21 (18%) 0 (0%) n/a 0.004 n/a n/a n/a n/a
Fatigue /drowsy driving 2 (2%) 1 (3%) 1.76 (0.155 - 20.0) 0.535 1.32 (0.113 - 15.3) 0.825 0.379 (0.027 - 5.38) 0.474
Lack of driving /vehicle experience 20 (17%) 7 (21%) 1.27 (0.486 - 3.32) 0.625 1.33 (0.478 - 3.69) 0.587 0.889 (0.273 - 2.89) 0.845

Model 1: Adjusted by age group and sex.
Model 2: Adjusted by age group, sex, time of crash, single-vehicle crashes, and vehicle 10 years or older.

% Wrong lane, too close to the vehicle in front, incorrect position for leaving the road, etc.

> The driver adjusted without taking into consideration the consequences of other road users, for example, when trying to pass the front car when there is no clear
sight.

¢ Wrong automatic response, for example, speeding instead of stopping, wrong gear, etc.

4 Inattention included failing to gather/see important and easily observable traffic information, use of a mobile phone, or adjusting the media player or radio.

from drugs and/or alcohol and not having a valid driver license, 4.1. Car/van drivers

speeding, and non-use of a seatbelt. When divided into substance

groups, both alcohol and stimulants were significantly associated with Alcohol impairment was significantly more prevalent than drug
all three risk factors, medicinal drugs with all except speeding, and impairment, which is in accordance with the findings of other studies.
cannabis was associated with not having a valid driver license. Among In a study of fatal crashes using the FARS database, Bedard et al. (2007)
the fatally injured motorcycle riders, alcohol impairment was sig- found a clear relationship between increasing blood alcohol con-
nificantly associated with not having a valid driver license and non-use centration and risky driving behaviour. Also our findings of associations
of a helmet. between alcohol or drug impairment and speeding and non-use of a

seatbelt comply with findings in other studies. Liu et al. (2016) found

Table 4
Driver-related risk factors associated with impaired driving among fatally injured car and van drivers and motorcycle riders investigated for drug/alcohol use.
Impairment is disaggregated into substance groups.

No valid driver license Speeding Non-use of a seatbelt Speeding and/or non-use of a seatbelt
Car and van drivers
Sober (n = 338) 4 (1%) 107 (32%) 103 (30%) 176 (52%)
Impaired (n = 186) 49 (26%) 127 (68%) 129 (69%) 171 (92%)
Impaired by
Alcohol only (n = 97) 18 (19%) 77 (79%) 74 (76%) 94 (97%)
Drugs only (n = 64) 21 (33%) 31 (48%) 38 (59%) 53 (83%)
Alcohol (n = 122)* 28 (23%) 96 (79%) 91 (75%) 118 (97%)
Stimulants (n = 32)* 14 (44%) 19 (59%) 20 (63%) 28 (88%)
Cannabis (n = 23)" 13 (57%) 17 (74%) 14 (61%) 21 (91%)
Medicinal drugs (n = 61)* 20 (33%) 28 (46%) 37 (61%) 51 (84%)
Motorcycle riders
Sober (n = 118) 12 (10%) 62 (53%) 15 (13%) 69 (59%)
Impaired (n = 34) 21 (62%) 22 (65%) 12 (35%) 28 (82%)
Impaired by
Alcohol only (n = 16) 6 (38%) 9 (56%) 9 (56%) 14 (88%)
Drugs only (n = 15) 12 (80%) 10 (67%) 2 (13%) 11 (73%)
Alcohol (n = 19)* 9 (47%) 12 (63%) 10 (53%) 17 (89%)
Stimulants (n = 9)* 8 (89%) 5 (56%) 2 (22%) 6 (67%)
Cannabis (n = 10)" 7 (70%) 7 (70%) 1 (10%) 7 (70%)
Medicinal drugs (n = 8)* 8 (100%) 5 (63%) 1 (13%) 6 (75%)

# Including combinations with other drugs and/or alcohol.
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Table 5
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Associations between driver-related risk factors and impairment from different substance categories compared to sober car/van drivers and motorcycle riders. The

associations are presented as odds ratios (OR) adjusted for age, sex, and use of other substance groups.”

No valid driver license Speeding Non-use of a seatbelt

Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value
Car and van drivers
Impaired by
Alcohol 10.4 (3.66 — 29.5) < 0.0005 6.61 (3.65 - 12.0) < 0.0005 5.33 (3.14 - 9.07) < 0.0005
Stimulants 15.7 (2.54 - 96.7) 0.003 20.0 (3.69 - 108) 0.001 4.31 (1.20 - 15.6) 0.026
Cannabis 37.8 (7.08 - 202) < 0.0005 1.21 (0.250 - 5.83) 0.815 0.978 (0.220 - 4.35) 0.977
Medicinal drugs 9.47 (1.93 - 46.5) 0.006 1.32 (0.491 - 3.53) 0.584 3.74 (1.59 - 8.81) 0.002
Interaction terms
Alcohol by cannabis 0.037 0.807 0.932
Alcohol by stimulants 0.987 0.140 0.555
Alcohol by medicinal drugs 0.140 0.283 0.028
Stimulants by cannabis - 0.437 -
Cannabis by medicinal drugs 0.278 0.180 0.999
Stimulants by medicinal drugs 0.482 0.005 0.027
Motorcycle riders
Impaired by
Alcohol 7.01 (1.88 - 26.2) 0.004 0.895 (0.304 - 2.64) 0.841 12.6 (3.63 - 43.6) < 0.0005
Stimulants 15.1 (1.08 - 212) 0.044 0.466 (0.070 - 3.12) 0.431 7.26 (0.646 — 81.6) 0.108
Cannabis 5.84 (0.843 - 40.4) 0.074 2.47 (0.518 - 11.8) 0.256 0.196 (0.018 — 2.14) 0.181
Medicinal drugs n/a n/a 1.81 (0.235 - 14.0) 0.569 0.216 (0.013 - 3.71) 0.291

n/a = no resulting values obtained, but the variable remains included in the analysis.

““=not included in the analysis.

% Analysis was conducted separately for each recorded unsafe driver action/condition as a dependent variable using the substance groups, age groups, and sex as
independent variables. As interaction terms, two-drug combinations were included in the analyses if not resulting in empty cells. For motorcycle riders, no interaction

terms were used due to limited statistical power.

that speeding violations were significantly higher for drivers who tested
positive for stimulants, alcohol, and/or cannabinoids compared to
drivers with no drug or alcohol detected; speeding violations among
those testing positive for medicinal drugs were not significantly dif-
ferent from the sober drivers. Romano and Voas (2011) used a similar
multivariable regression model as the one presented in our study and
found that speeding was associated with the same substance classes as
in our study: stimulants and alcohol. In a study of drivers killed in road
traffic crashes in Finland during 2006-2008, a higher frequency of
crashes related to speed over 120 km/h was reported among drivers
testing positive for alcohol (31%) or drugs (23%) than among sober
drivers (10%) (Karjalainen et al., 2012). In our study, the same ten-
dency was observed, although with a much higher prevalence, as we
reported speeding as driving above the speed limit or inappropriately
according the road/driving conditions. Bedard et al. (2007) also found
that drivers who tested positive for cannabis had more often been
speeding, and been erratic, reckless, careless or negligent while oper-
ating the vehicle. We did not find a similar association for use of can-
nabis in our study.

Liu et al. (2016) found increased odds ratios of non-use of a seatbelt
among those testing positive for alcohol, stimulants, and medicinal
drugs, which were within the confidence intervals of our odds ratios for
the same associations. Romano and Voas (2011) reported that non-use
of a seatbelt was associated with cannabinoids in addition to the sub-
stance classes found in our study. Also Beasley et al. (2011) found in a
Canadian study that the use of a seatbelt was significantly lower in
crashes where the driver tested positive for drugs. This was also the case
in a US roadside survey, where the prevalence of drugs was significantly
higher in drivers who did not wear a seatbelt (Lacey et al., 2009).

Lack of a driving license does not directly affect the outcome of a
crash, but might indicate that the driver is unskilled or not motivated to
drive safely. An investigation of fatalities and traffic offences in Western
Australia found that those driving/riding without a valid license were
approximately 3.5 times more likely to test positive for an illicit sub-
stance (Palamara et al., 2014). In our study, lack of a valid driver li-
cense was associated with impaired driving within all of the substance
groups tested. This extensive association between lack of a driver
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license and impaired driving could possibly be explained by a high
recidivism rate among drugged and drunk drivers, even after their
driver license has been suspended (Christophersen et al., 2002;
National Mobile Police Service, 2009).

In contrast to cannabis and stimulants, the psychoactive medicinal
drugs included in this study are per definition legal in use among dri-
vers if used according to prescription doses administered by general
practitioners and if no driving restriction has been given. The con-
centrations found in this study indicate, however, that higher doses
than those prescribed were used. The drivers might also have obtained
the medicinal drugs from other illegal sources; that 62% had combined
medicinal drugs with illegal drugs or alcohol further support this
theory. Lack of compliance with other safety rules among those drivers
might be more common than among drivers using the same drugs ac-
cording to prescriptions. The medicinal drugs most frequently detected
were clonazepam, diazepam, and zopiclone, which are drugs that might
reduce alertness. The associations found among fatally injured drivers
between impairment from medicinal drugs and not having a valid
driver license and non-use of a seatbelt might therefore be confounded
by high-risk personality traits, not necessarily indicating that the
medicinal drugs caused risk-taking behaviour.

In our study, 91% of the cannabis-impaired drivers had been
speeding and/or not used a seatbelt prior to the crash. However, can-
nabis impairment was not significantly associated with risky driving
actions such as speeding or non-use of a seatbelt when adjusting for age,
sex, and the use of other drug groups. The explanation might be that
young age was a confounder associated with both cannabis use and
risk-taking behaviour. From previous studies, we know that the ma-
jority of the arrested cannabis-using drivers in Norway are of young age
(Valen et al., 2017a,b), which in itself is likely associated with speeding
and non-use of a seatbelt due to higher risk-taking behaviour among
young adults (Steinberg, 2010), especially when driving with peers
(Scott-Parker and Weston, 2017). Adjustment for age and sex in this
study resulted in a more accurate assessment of the effect of cannabis
impairment on risky driver actions. However, a high prevalence of
speeding and non-use of a seatbelt combined with a reduced reaction
time due to impairment from cannabis among young drivers may be a
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problem for traffic safety, regardless of the age of these drivers and the
lack of a direct association between cannabis and unsafe driving be-
haviours.

4.2. Motorcycle riders

Lack of a significant association between risk factors and impair-
ment from drugs other than alcohol among motorcycle riders in this
study might be due to the low sample size. However, the association
found in this study between alcohol impairment and non-use of a
helmet or not having a valid motorcycle driving license was in ac-
cordance with results reported in other countries. Among fatally injured
motorcycle riders in the US, increased odds of not wearing a helmet
were individually associated with use of alcohol, cannabis, or other
drugs (Rossheim et al., 2014). Brown et al. (2011) found that a higher
blood alcohol level was associated with a decreasing incidence of
wearing a helmet among injured motorcycle riders sent to trauma
centres in Texas.

Not having a valid license to operate a motorcycle was previously
found to be more prevalent among crash-involved motorcycle riders
than among non-crash-involved riders (Kraus et al., 1991) and was
associated with being fully or partly responsible for a road traffic crash
(Moskal et al., 2012). Riding under the influence of alcohol was also
associated with being responsible for a road traffic crash, but the as-
sociation between alcohol impairment and not having a valid license
was not tested (Lardelli-Claret et al., 2005; Moskal et al., 2012). No
association between not having a valid license and testing positive for
alcohol or drugs was found among fatally injured riders in Ohio
(Connor, 2014), contradicting our results.

When comparing fatally injured motorcycle riders with car/van
drivers, our results showed that a higher proportion of the investigated
fatally injured car/van drivers were categorised as impaired (31%)
compared to the investigated motorcycle riders (20%). Furthermore, a
higher proportion of both sober and impaired drivers had not used
seatbelt or were tired compared to the proportion of riders without a
helmet or who were tired. This difference between drivers and riders
might be explained by the higher risk of injuries for motorcycle riders
when involved in a crash than for car drivers. More mistakes might be
necessary for a car driver to be fatally injured in a crash and hence
included in this study. However, a higher proportion of both sober and
impaired riders had no valid driver license, and a substantially higher
proportion of the sober riders had been speeding prior to the crash
compared to the sober drivers. Riding a motorcycle when impaired
from drugs and/or alcohol was in our study not significantly associated
with speeding, as speeding was approximately equally frequently re-
corded among the fatally injured sober riders.

4.3. Strengths and limitations

This study has some important strengths but also some limitations.
The main strengths are that fatally injured drivers who were in-
vestigated for use of drugs were analysed for the same types of sub-
stances using accredited sensitive and specific analytical methods, only
drug findings in blood samples were used, the same cutoff concentra-
tions were systematically used, and there was no limitation in the
number of substances reported. For those reasons, our toxicological test
results are better suitable for this type of study than those using data
from fatality databases with poorer quality of toxicology data.

A possible limitation of this study is that only approximately 70% of
the fatally injured drivers and riders were investigated for drugs.
Results from the Department of Clinical Pharmacology in Trondheim
were available only for 2011-2015, and in this period represented 11%
of the total number of investigated drivers and riders.

The associations between impairment from drugs and/or alcohol
and unsafe driving behaviours observed in this study cannot necessarily
be generalised to drivers in general, as only fatally injured drivers were
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included.

We cannot exclude that a few drivers/riders might have used sub-
stances not tested for in this study that may have affected their ability
to drive safely.

In post-mortem samples, drug and alcohol concentrations might not
necessary reflect concentrations at the time of incidence due to post-
mortem changes, such as redistribution, metabolism, degradation, and
formation, among others (Pelissier-Alicot et al., 2003; Drummer, 2004).

Accurate information regarding driver-related risk factors in fatal
crashes might be difficult to obtain, especially variables such as in-
attention and fatigue/drowsy driving. Some data recorded in the Crash
Investigation Team Database were therefore based on best judgement if
obtaining accurate documentation was impossible.

Data on potentially significant confounders, such as risk-taking be-
haviour or impulsivity, were not available for this study.

Conclusions from the crash investigation teams regarding crash
culpability were not available for multiple vehicle crashes. If including
only culpable drivers, it is likely that less marked differences between
impaired and sober drivers may have been observed for some risk
factors. Culpable drivers have been investigated in several previous
studies, with the advantage that probably more equal groups of drivers
were compared; hence, better isolating the effect of drugs/alcohol on
driving behaviour. Our results do, however, better represent the dif-
ferences between the whole population of sober and impaired drivers
who get fatally injured in road traffic crashes.

With a higher number of studied drivers and riders, more detailed
information about the association between individual substance types
and risky driving behaviour may be obtained.

5. Conclusions

Drug/alcohol impairment among car/van drivers was significantly
associated with not having a valid driver license, speeding, and non-use
of a seatbelt; among motorcycle/moped riders, significant associations
were found for not having a valid driver license and non-use of a
helmet. At least one of these risk factors was also reported in a sub-
stantial proportion of the sober drivers and riders. Actions to reduce the
impact of speeding on road traffic safety may therefore also reduce the
number of fatal crashes related to alcohol or drug impairment, and use
of seatbelt alarms may reduce the injury severity among crash-involved
drivers. Also, better enforcement of speed limits and legislation re-
garding use of protective devices may reduce the number of road traffic
crashes. Further investigation is needed to understand the contribution
of risk-taking personality on both drug/alcohol-impaired driving and
other risky driving behaviours.
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Errata

The cut-off concentration for alcohol presented in Table 1 in Paper | and in Table 1 in Paper |l
is incorrect; the used cut-off was 0.04 g/kg. In Paper Il a sentence under the heading
“Variables” should have been more precise: “Findings of drugs were considered ...”

should have been written instead of “Findings were considered ...”.

Paper Ill: The heading of the third column of Table 4 should read “Non-use of a
seatbelt/helmet”; the heading of the forth column should read “Speeding and/or non-
use of a seatbelt/helmet”. The heading of the fifth column of Table 5 should read “

Non-use of a seatbelt/helmet”

Paper Ill: The number of investigated drivers fatally injured in single-vehicle crashes were 214
if only considering the sober and impaired drivers, but if including those with low
substance concentrations the number is 235. 235 should preferably have been used in
chapter 3.3, third section, as a description of the total number. The number of

impaired drivers given in the same section should have been 135 and not 118.





