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Abstract
Although the increased risk associated with driving under the influence of alcohol or
benzodiazepines on their own has been recognized, several variables make their
combined effects difficult to study. As a result, the small body of research on the subject
is contradictory. The current study aimed to further explore the effects of the
combination of alcohol and benzodiazepines on driving. Data from the years 1993 —
2006 were taken from the American Fatality Analysis Reporting System and examined
using a case control design. All subjects were drivers, aged 20 years and older, had been
tested for alcohol and drugs, and, if positive for benzodiazepines, were only positive for a
single half-life class of benzodiazepine. Cases had at least one unsafe driver action (e.g.,
weaving) recorded in relation to the crash. Controls had no such record. Logistic
regression was performed to determine the odds of performing an unsafe driver action
(UDA) for drivers positive for benzodiazepines (stratified by short, intermediate and long
half-life) with BACs ranging from 0.00 to 0.10 mg/100 ml. When compared to an
alcohol- and benzodiazepine-free referent group, the alcohol plus benzodiazepine groups
showed significantly higher odds of committing an UDA at nearly every BAC / half-life
combination. When using the alcohol only and benzodiazepine only groups as referents,
additive, possibly synergistic effects were observed for long benzodiazepines in
combination with alcohol at BACs of 0.02 and 0.04 mg/100 ml. This study demonstrates
the detrimental effects that the combination of alcohol and benzodiazepines can have on

driving, and suggests that further research is necessary.
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The Influence of the Combination of Alcohol and Benzodiazepines on Driving

The combination of alcohol and driving is a serious public health issue. Although
it is difficult to quantitatively describe the impact of drinking and driving on a global
level (World Health Organization [WHO], 2004a; Zador, Krawchuk & Voas, 2000) the
World Health Organization (2004b) has declared that traffic injuries represent a very
serious public health issue, and cites drinking and driving as one major factor behind this
predicament. Fatalities caused by drinking and driving vary widely around the world.
Approximately 20% of fatally injured drivers in high-income countries and a range of
33% to 69% in low-income countries have blood alcohol levels above the legal limit
(WHO, 2004a). However, as alluded to previously, it is difficult to make comparisons
between countries, because factors such as health care, traffic and road conditions, laws,
and a variety of other risk factors for crashes (age and sex of the average driver, socio-
economic status, etc.) vary widely, affecting exposure to risk, crash severity, and injury
outcomes. Even if these factors could be controlled for, the methodology used to collect
data on drinking and driving also show considerable inconsistency around the world, as
recently discovered by the United State’s National Highway Traffic Safety
Administration [NHTSA] when it failed to make any direct comparisons between
countries (Stewart, 2001).

Although drinking and driving has been a well-known problem for some time, the
issue of drugged driving (driving with licit and/or illicit drugs in the bloodstream) has
more recently garnered the attention of researchers as well as policy makers. Many types

of drugs (Kelly, Darke & Ross, 2004) have been shown to negatively impact driving
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ability and the benzodiazepine family of medications has been brought into the spotlight.
Benzodiazepines, most often used for anxiolytic and hypnotic purposes, include some of
the most commonly prescribed medicines today (RxList, n.d.). Although the research is
still emerging, it seems clear that certain benzodiazepines negatively affect performance
on a number of tasks, such as driving, by inducing daytime drowsiness (Harrison, Subhan
& Hindmarch, 1985; Mattmann et al., 1982; Van Laar, Volkerts & Verbaten, 2001;
Vanakoski, Mattila & Seppala, 2000; Versteer, Vokerts & Verbaten, 2002), slowing
reaction time (Harrison et al., 1985; Ingrum, Bjorkland, Bjorneboe, Christopherson,
Dahlin & Morland, 1992; Willumeit, Ott, Neubert, Hemmerling, et al., 1984), impairing
both the anticipation of problems (Berthelon, Bocca, Denise & Pottier, 2003; de Gier, ‘t
Hart, Nelemans & Bergman, 1981) and the ability to control lateral position (Brookhuis,
Volkerts & O’Hanlon,1990; O’Hanlon, Vermeeren, Uiterwijk, van Veggel & Swijgman,
1995; O’Hanlon & Volkerts, 1986; Partinen, Hirvonen, Hublin, Halavaara & Hiltunen,
2003; Van Laar et al., 2001; Van Laar, Volkerts & Willigenburg, 1992). These
detriments are especially clear for benzodiazepines that have a long half-life, or, in other
terms, take a long time to be eliminated from the body.

Considering the widespread incidence of driving under the influence of alcohol
and the extensive use of benzodiazepines, it is no surprise that alcohol and
benzodiazepines are regularly found together in the bloodstreams of drivers around the
world (Appenzeller, Schneider, Yegles, & Wennig, 2005; Augsberger & Rivier, 1997;
Barbone et al., 1998; Seymour & Oliver, 1999; Skurtviet, Abotnes & Christopherson,
2002). However, the current research addressing the combined effects of alcohol and

benzodiazepines on driving has led to contradictory results. According to several
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researchers, the result is an additive response; in other words, resulting detriments are
greater than those that could be explained by either agent alone (Burns & Moskowitz,
1977; Linnoila et al., 1990; Longo, Lokan & White, 2001; Willumeit, Ott & Neubert,
1984). But other researchers have failed to find such a response, citing that effects are no
different than those found with alcohol alone (Longo, Hunter, Lokan & White, 2000a;
Palva & Linnoila, 1978; Terhune et al., 1992; Willumeit et al., 1984).
Alcohol

In 1964, Borkenstein and colleagues completed what is now considered to be one
of the most influential studies on drinking and driving. Often referred to as the Grand
Rapids Study, this pioneering research looked at how blood alcohol concentration levels
(BAC:s) affect the odds of being in a traffic crash (Traffic Safety Centre, 2003). By
matching over 3,300 cases of drivers that had been in crashes with 17,000 controls, the
researchers found odds as high as 25 to 1 (drivers with BACs of 0.15 mg/100 ml). They
revealed an increased risk for crashes with any detectable level of alcohol in the
bloodstream (Ogden & Moskowitz, 2004). As a result of this research, lawmakers had
the information they needed to create justifiable legal cut-offs for driving under the
influence of alcohol. This research also served to introduce Borkenstein’s invention of
the Breathalyzer, a tool widely used in law enforcement today.
Current Laws on Alcohol and Driving

Although most countries in the world do have laws concerning drinking and
driving, they vary greatly. For example, some countries such as the Czech Republic and
Hungary (International Centre for Alcohol Policies, n.d..), reportedly have legal BAC

limits of 0 mg/100 ml. Limits range up to a legal BAC cut-off point of 0.08 mg/100 ml.
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Although it has been shown that reducing the legal BAC limit for drinking and driving
results in a decrease of both drinking and driving behaviour and alcohol-related traffic
incidents, the United States (certain states), Canada, and the United Kingdom all
currently have BAC limits of 0.08 mg/100 ml, as do several developing countries such as
Botswana, Nicaragua, and Malaysia (Mothers Against Drunk Driving [MADD] Canada,
2007).

Prevalence and Demographics of Alcohol and Driving

In the early 1980s, the universally troublesome drinking and driving rates around
the world began to significantly improve, as many developed countries began
implementing successful programs aimed at reducing drinking and driving. Governments
introduced new legislation, launched education campaigns, and ensured penalties were
enforced (WHO, 2007). Non-governmental organizations like MADD (2005) also
embarked on their efforts to instigate change. However, by the early 1990s, the
momentum of the movement began to slow (Sweedler et al., 2004) as drinking and
driving rates began to stabilize, with both minor improvements and set-backs since.

It is difficult to examine the rates of drinking and driving amongst general
populations around the world. Most of the epidemiological studies on drinking and
driving look at injury and fatality records. Such data allow researchers to compare the
crash risk rates of drinking and non-drinking drivers. However, crash data are only a
small part of the picture. In order to determine drinking and driving rates amongst the
general population, one must look at all drivers, regardless of whether or not a crash
resulted. Using random roadside tests, a few researchers from different countries have

attempted to determine the percentage of drivers on the road who are under the effects of
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alcohol. However a mismatch of methodologies makes it difficult to compare these
findings. As an example, Mock and colleagues found that around 22% of drivers in
Ghana (as cited in Global Road Safety Partnership, 2004) randomly stopped for roadside
testing were positive for any level of alcohol. Another study from the UK showed that
about 1% of randomly selected drivers had BACs at 0.08 mg/100 ml or greater (Everest,
Davies & Banks as Global Road Safety Partnership, 2004). It would seem that countries
define the problem of drinking and driving in different ways, making it unfeasible to
describe the rates of this behaviour around the world.

One aspect of drinking and driving which does show some consistency around the
world is the type of person who is likely to drink and drive. From a demographic
standpoint, this person is most likely male, between the ages of 18 and 24, of low-
economic standing, single, has a blue collar job, limited education and poor self esteem
(WHO, 2007).

Pharmacology and Effects of Alcohol and Driving

It is not surprising that creating tougher drinking and driving laws brings about
reductions in crashes, injuries and deaths. Since Borkenstein’s research, advancements in
technology have allowed studies to become far more sensitive in detecting impairments
caused by alcohol, and there is “no evidence of a threshold below which impairment does
not occur” (Ogden & Moskowitz, 2004, p. 185). In fact, detriments related to driving
behaviour have been documented in subjects with BACs below 0.01 mg/100 ml
(Moskowitz & Robinson, 1998). A review by Moskowitz and Fiorentino (2000), showed

that around one third of the 112 studies they summarized found detriments in subjects
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whose BAC was 0.039 mg/100 ml. At 0.079 mg/100 ml, 92% of the studies revealed
impairment in subjects.

One of the reasons alcohol is believed to cause impairments at such low
concentrations is that it is rapidly absorbed. Once absorbed through the gastrointestinal
tract, alcohol is quickly distributed by the blood, reaching peak effects in about one hour,
although this can vary depending on time of last meal, weight and body type (Becker,
1970). Age, extreme BACs and abuse of alcohol may also affect elimination; alcohol is
generally metabolized at a rate of about one drink (15 ml) per hour, with the liver playing
the largest role in excretion. When alcohol is ingested at a higher rate than it is
eliminated, BAC increases.

Alcohol is a central nervous system depressant, and its impact on the CNS is
approximately proportionate to the amount of alcohol in the blood (Moskowitz &
Robinson, 1998). At very low levels, alcohol can cause decreased inhibitions. At
moderate levels (beginning at 0.03 mg/100 ml) diminished attention and the weakening
of some fine motor skills may result. Increased reaction time, reduced visual acuity and
drowsiness generally become noticeable at 0.09 mg/100 ml, followed by confusion,
disorientation and physical in-coordination at 0.25 mg/100 ml. Coma is a possibility at
0.35 mg/100 ml, and death at 0.45 mg/100 ml (Dubowski, 1989).

Alcohol’s specific influences on driving ability have been very closely studied,
and although a full exploration of this research is beyond the scope of this review, an
overview of some of the basic findings is important. Moskowitz and Fiorentino (2000)
addressed the results of 112 studies performed between 1991 and 1998 on the topic of

drinking and driving-related-skills. As touched on above, the vast majority of these
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studies reported impairments at some level of BAC. But some of the behavioural areas or
tasks addressed by these studies showed greater sensitivity than others. Table 1 shows a
breakdown of these behavioural areas and tasks into 12 categories, and displays the
lowest sensitivity reported for each. Some tests (such as the hallmark experiments
employing actual driving or simulators) showed very high sensitivity to alcohol’s effects,
while others did not, casting doubt on the usefulness of tests like finger tapping, simple
reaction time and critical flicker fusion for this application. Driving is a complex task,
simultaneously calling upon several cognitive, physiological and self-belief (such as
comfort level and confidence) components (Michon, 1979). As such, the best
experiments to assess driving ability are those multi-faceted tests which call upon all of
these components.
Epidemiological Studies on Alcohol and Driving

In addition to the laboratory research discussed above, epidemiological studies are
very important in showing the dangers of drinking and driving. By examining the
vehicular crashes (or lack thereof) of individuals with various BACs, it is possible to
compare and contrast the risks, culpability and outcomes related to drinking and driving.

Relative risk. In 2000, Zador and colleagues picked up where previous research
had left off in an effort to examine alcohol-related fatal crash risk using recent data.
Using American crash information from the Fatality Analysis Reporting System (FARS)
and exposure data gleaned from the National Roadside Survey, the researchers were able
to compare the BACs of crash-involved drivers with those who had not been involved in
crashes, and once again showed a positive correlation between BAC and risk of a fatal

crash. The researchers went further to compare the rates of single with multiple vehicle
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crashes; it has been argued (Zador, 1991), that single vehicle crashes provide the best
measure of the contribution of alcohol to crashes. A non-impaired driver may be able to
avoid a multiple vehicle crash with an impaired driver (or in a sense compensate for the
impaired driver), thereby affecting collision rates. Conversely, in single vehicle
collisions, there is no fault to be shared. In Zador’s recent study, at BACs between 0.08
and 0.10 mg/100 ml, relative risks as high as 51.9 (male drivers under the age of 21) were
reported for single vehicle crashes. At the low end of the scale, drivers over the age of 35
were still 11.4 times at greater risk of being in a single vehicle crash when compared to
those with a BAC of zero. Even when looking at all crashes (multiple and single
vehicle), relative risks were still high, ranging from about a six fold increase for those
over 35 years, to 24 times in the young male group. As BACs rose, so too did the relative
risk, with a staggering 15,560 for young males with a BAC of 0.15 mg/100 ml or higher.
Culpability. When studying alcohol-related relative crash risk as described above,
there is the possibility that the control sample is not representative of the population.
There is also the possibility that those who drive after drinking may be somehow
different from those who don’t; they may have different driving habits which could
contribute to their likelihood of being in a collision (Longo et al., 2000a) such as driving
more regularly or in more dangerous locations. Because analyzing crash risk only
involves measuring crash involvement and not responsibility, an over-representation of
intoxicated drivers in crash data could result. Culpability analysis is an alternative
method of investigating the issue. Using a variety of criteria (including police
evaluations and environmental factors), it is possible to assign responsibility for a crash,

and in turn compare the culpability rates of impaired and non-impaired drivers. Research
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from Drummer, and colleagues (2004), Terhune (1982) and colleagues (1992), and
Timby, Sjogren, Bjornstig and Eriksson, (1998), all support a recent culpability analysis
by Longo and colleagues (2000a). This analysis showed that of the 2500 injured
Australian drivers involved, 52.8% of those who were alcohol-free were deemed
culpable. For alcohol-impaired drivers, culpability rates ranged from 68.6% for those
with a BAC of 0.05 mg/100 ml or less, up to 96.3% for those with a BAC of 0.15 mg/100
ml or greater, showing a positive relationship between BAC and responsibility for a
crash.

QOutcomes. Besides the greater odds of being in a crash and being deemed
responsible for that crash, another important public health concern surrounding drinking
and driving is that a driver positive for alcohol also faces poorer outcomes than a non-
impaired driver given the same crash (Committee on Trauma Research, 1985). In other
words, given the same force, deaths are greater and injuries more serious amongst those
who are impaired. Evans and Frick (1993) estimated that a BAC of 0.10 mg/100 ml
resulted in a twofold risk of death compared to a non-impaired driver given the same
crash; a threefold risk was estimated at BACs of 0.25 mg/100 ml. These findings are
substantiated by findings from Waller and colleagues (1986) who showed that alcohol in
the bloodstream increased the chance of a fatality in a crash by over 200%, and further
reported an odds ratio for serious injury of 1.59 for both drivers and passengers positive
for alcohol compared to those who were not. Sjorgen and colleagues (1997) also
reported significantly higher rates of severe injuries in drivers positive for alcohol.
Although different explanations for this phenomenon have been suggested, such as a

temporary change in hormones (Woolf, Cox, Kelly, McDonald & Harnill,1990) and cell
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membrane structure, and cellular swelling (Waller, Hill, Maio & Blow, 2003), the
relationship between alcohol and injury severity and fatality is not clear.

In summary, alcohol is decidedly harmful to driving ability. Despite this
knowledge and the resulting actions taken by lawmakers, drinking and driving remains a
serious dilemma around the world. Now, additional alarms have been raised in response
to reports of increased polydrug use by drivers, which includes mixing alcohol with other
licit or illicit agents (Cusack, Harrington, Furney, Flynn & Leavy, 2002; Varga, Magori,
Hideg & Somogyi, 2006). The combination of alcohol with drugs in the benzodiazepine
family falls into this concerning category.

Benzodiazepines

Compared to the 8,000 year history of alcohol, the introduction of
benzodiazepines is relatively very recent, dating back to the early 1960s when
chlordiazepoxide (Librium) was made available, shortly followed by diazepam (Valium).
There are now approximately 30 types of benzodiazepines available on the North
American and European markets (Ashton, 2005). As mentioned previously, there are
many uses for these drugs, but about 75% of prescriptions for benzodiazepines in the
United States are for anxiolytic purposes.

Although benzodiazepines gained excessive popularity in the 1990s, use of these
drugs in a monotherapy setting has declined recently since concerns arose regarding their
problematic side effects, tolerance and potential for abuse (Valenstein et al., 2004). That
being said, the move away from benzodiazepines has been a gradual one, and the drugs
remain a common prescription today, especially in older populations, where usage rates

have been documented as high as 25% (Tu, Mamdami, Hux & Tu, 2001). They are also
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still very popular in dealing with the initial treatment of anxiety and panic disorders in
combination with selective serotonin re-uptake inhibitors (SSRIs), because, in
comparison to SSRIs, benzodiazepines have a very rapid onset (Stevens & Pollack,
2005).
Current Laws on Benzodiazepines and Driving

Whereas laws concerning drinking and driving have been well established, there
are several logistical problems on the path to defining and enforcing laws for licit
drugged driving such as operating a vehicle under the influence of benzodiazepines. One
of these difficulties is the lack of consistent research data to establish legal cut-off levels.
There is also a call for an efficient and effective testing procedure to quantify impairment
in the field, including evidentiary screening instruments combined with behavioural
assessments. The behavioural aspect is important, considering drug plasma level alone
may not be a sufficient indicator of impairment (Ellinwood & Heatherly, 1985). In
addition, drug effects can differ dramatically from person to person, depending on a
number of physical characteristics and whether a person’s drug use is acute or chronic
(Walsh, de Gier, Christopherson, & Verstraete, 2004). For this reason, many countries
have no specific laws addressing driving under the influence of medicinal drugs, and
those few that do vary in their approaches. Sweden, for example, has made it illegal to
drive under the effects of certain licit drugs (including benzodiazepines) if these
medications have not been prescribed, or if they are detected at excessive levels. Several
countries abide by a European Union regulation that states that drivers’ licenses cannot
be renewed to individuals whose driving abilities are hampered by medication. Although

there are different interpretations of this rule, some countries (such as Spain) require that
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individuals who take these identified medications be tested for driver fitness before their
license can be re-issued (del Rio & Alvarez, 2003).

Of those countries which don’t specifically address the legalities of mixing
driving with medications, many still have laws surrounding benzodiazepine use in
general. Hong Kong classifies benzodiazepines as a dangerous drug under their Drug
Ordinance Act (Chung, 1997), which requires detailed record keeping for all
prescriptions. Around the world, extensive paper trails have also been enforced for many
prescriptions (Weintraub, 1989), and medically used benzodiazepines are listed on
Schedule IV in the United States and Canada, which, among other things, limits
prescription refills due to the possibility of dependence (Department of Justice of Canada,
2007; U.S. Drug Enforcement Administration, n.d.). Australia usually does not allow for
any repeat prescriptions of benzodiazepines. Because benzodiazepines have the potential
for abuse, there is also global concern surrounding the trafficking of benzodiazepines
(United Nations, 2001).

Prevalence and Demographics of Benzodiazepines and Driving

A good deal of research has investigated the drugged driving issue by looking at
prevalence rates amongst drivers who have been in crashes or who were suspected of
driving under the influence, and some of these studies will be discussed below.

However, details on the prevalence of driving under the influence of a benzodiazepine(s)
in the general population are sparse. Data on any sort of drugged driving within the
general population is challenging to collect—testing methods can be expensive and
unreliable, and sampling is difficult. Self-report surveys have been used in the United

States (Substance Abuse and Mental Health Services Administration, 2002) and Australia
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(Australian Institute of Health and Welfare, 2002), and show that around 4% of the
population will drive after consuming some sort of drug (licit or illicit) over a 12-month
period (Kelly et al., 2004). But questionnaires such as those used in these studies often
result in an under-reporting of negative behaviour.

We know from actual prescription records in developed nations that around 5% of
the population will be taking a prescribed benzodiazepine (Bramness, Skurtveit &
Moprland, 2002) at any given time. But to the author’s knowledge, population-wide
driving behaviour has not been linked to such records. The German Roadside Study
(Kriiger, Schulz & Magerl, 1995) showed that 2.7% of the over 12,213 drivers randomly
screened for drugs and alcohol was positive for benzodiazepines. A much smaller study
in Denmark (Behrensdorff & Steentoft, 2003) found that 0.7% of the 1,000 randomly
screened drivers was under the influence of benzodiazepines. But the results of these
studies are limited. In both, drivers were allowed to decline from participation in the
research; the Danish study had a very small sample; some of the German data are now
outdated. Therefore generalization of these results to the general population of each
geographic study area is highly doubtful, and more so globally.

As indicated above, a variety of studies from around the world have looked at the
prevalence of benzodiazepine detections in drivers apprehended by police under the
suspicion of some kind of impairment. A number of these studies are listed in Table 2.
The benzodiazepine detections range broadly, from around 10% of apprehended drivers
in some parts of Scandinavia, to a high of nearly 50% of drivers in Scotland. There are
various limitations within these studies, including sampling concerns. Toxicology issues

are also apparent, such as the questionable sensitivity of some of the testing equipment.
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In certain countries law enforcers are very cognisant of the issues surrounding
benzodiazepines and driving, and may be more likely to identify and/or screen drivers,
resulting in higher detections rates (Christophersen, Ceder, Kristinsson, Lillsunde, &
Steentoft, 1999; Walsh et al., 2004). This is just one of the variables that combine with
use of a variety of different methodologies that make it difficult to compare rates between
countries.

Nevertheless, these studies have been helpful in producing a better picture of the
type of person likely to drive while under the effects of a benzodiazepine. Although men
are apprehended more often for suspicion of impairment, the percentage of apprehended
women who test positive for benzodiazepines is often higher than that of men. In a study
by Skurtveit, Christopherson and Merland (1995) around 12% of the nearly 3000
individuals apprehended for suspicion of impairment were female. Approximately 40%
of these women were positive for one or more benzodiazepine, compared to just over
30% of the men. It has been suggested that this result is due to the fact that
benzodiazepine prescription rates are higher for women (Kelly et al., 2004). Indeed,
studies from the Netherlands (Zandstra et al., 2002), Great Britain (Dunbar, Perera &
Jenner, 1989) and Canada (Cooperstock, 1982) have shown that twice as many women
are prescribed benzodiazepines when compared to men. In addition to higher
prescription rates amongst women as compared to men, benzodiazepine prescriptions are
more common amongst middle-aged and older populations as compared to their younger
counterparts. This explains why this group of drivers is most likely to test positive for a
therapeutic level of benzodiazepine. However, at levels above therapeutic doses, drivers

are likely to be younger (Appenzeller et al., 2005). It is this group that most likely
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represents a large portion of those using benzodiazepines for recreational purposes, such
as enhancing the effects of or reducing the impact of withdrawal symptoms from harder,
illicit drugs (Drummer, 2002; O’Brien, 2005).

Pharmacology and Effects of Benzodiazepines on Driving

The information presented to this point suggests that there may be a relationship
between benzodiazepines and driving ability. A closer look at how these drugs affect the
body will further illuminate the complexities of the issue.

Benzodiazepines act on the gamma-aminobutyric acid (GABA) neurotransmitter
system. In very simplified terms, GABA calms the brain by inhibiting many of the
messages between neurons (Ashton, 2002). Benzodiazepines strengthen this calming
effect by binding to the GABA receptor-site, thereby mimicking the effects of GABA,
and further reducing any excitement in the brain. There are a variety of benzodiazepines
available, and the effects of each depend on the specific site(s) it is able to bind to, and
can be sedative (alpha 1 subtype), anxiolytic (alpha 2) or anticonvulsant (alphas 1, 2 and
5). As such, benzodiazepines are often prescribed for insomnia, anxiety and panic
disorders, muscle disorders and epilepsy, and can also be used as a mild anaesthetic.
Some of the most commonly prescribed benzodiazepines are listed in Table 3, along with
corresponding information on each drug’s market aim and half-life. Half-life refers to the
amount of time it takes for half of one dose of the drug to be eliminated from the body.
For benzodiazepines, half-life varies greatly, from around three hours for midazolam, to
up to 250 for the active metabolites of flurazepam.

Because benzodiazepines have a tranquilizing effect on the brain, some of the side

effects from use are not surprising. Psychomotor slowing, drowsiness, and memory
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impairment (Ashton, 2002) are concerns. Paradoxically, a stimulated response has been
reported in some patients, manifesting itself in behaviours such as decreased inhibition,
aggression, and anxiety (Bramness et al., 2006). Depression has also been reported
(Longo & Johnson, 2002). All of these side effects may be augmented in older patients,
as they are more sensitive to central nervous system depressants in general, and they
metabolize drugs less efficiently than their younger counterparts (Cusack, 2004).

In order to further explore the side effects of benzodiazepines and how they
specifically impact driving ability, many researchers have performed simulator and on-
the-road driving experiments. Results have shown that the administration of
benzodiazepines results in increased reaction times (Palva & Linnoila, 1978; Vanakoski
et-al., 2000; Willumeit et al., 1984), decreased control over the vehicle’s lateral position
(Brookhuis et al., 1990; O’Hanlon & Volkerts, 1996; Partinen et al., 2003; van Laar et al.,
2001), difficulty maintaining constant speed (O’Hanlon & Volkerts, 1986; Staner, Ertle,
Boeijinga, Rinaudo, Arnal, Muzet, et al, 2005; van Laar et al., 1992), impaired visual
attention (Berthelon et al., 2003) and increased effort (Verster et al., 2002). When certain
studies examined results based on benzodiazepine half-life (Brookhuis et al., 1990;
Ingrum et al. 1992; O’Hanlon & Volkerts, 1986), drugs that took a longer time to be
eliminated from the body had a more detrimental effect on driving ability. In their study
comparing the effects of short- and long-acting benzodiazepines on driving, Willumeit,
and colleagues (1984) not only found that lormetazepam (short half-life) yielded far
fewer problems than diazepam and f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>