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The evidence base on medication–related Substance Impaired Driving is growing. This memo outlines international research[footnoteRef:1] from the following types of scientific studies: [1:  Note: These types of studies are not typically carried out in New Zealand. There are limited facilities to do experimental studies in New Zealand. Large epidemiology studies to measure risk can’t be done on such small populations of drivers.] 

Experimental studies on medications that impair driving (See Table 1).
Experimental studies are usually done in three steps, in a driving lab using driving simulators or tests of reaction times and so on:
Drivers are tested (e.g. on a driving simulator) without medication 
Drivers are given a medication 
Driver impairment and skills are retested (e.g. on a driving simulator)
Sometimes drivers are compared to a control group that did not get the medication or those who 
got a placebo.
These studies show whether and how much medications/drugs can impair the skills that drivers need to drive safely. These studies explain which medications may be an issue for driver safety, and what effects drivers need to be aware of.
Epidemiological studies (see Table 2).
Epidemiological studies are studies of crashes that have happened. They look at the presence of medications/drugs that may have impaired drivers in fatal crashes or injury crashes. Epidemiological studies do not prove that a medication or drug caused a particular driver to crash. They show that there is a correlation between the presence of a medication/drug and having a crash. These studies explain which medications increase the risk of a crash, and by how much they increase the risk of a crash.
Epidemiological studies of drivers on crash responsibility (see Table 3).
Epidemiological studies of crash responsibility (also called crash culpability meaning who is to blame for the crash) look at the correlation between a driver being responsible for a crash and the presence of medications or drugs that may impair the driver. These studies explain which medications increase the risk of being responsible for their crash, and by how much they increase the risk of a driver being responsible for a crash.
Characteristics of fatal crashes involving drug/medication use by drivers (see Table 4).
These studies describe crashes involving drugs/medications and compare them to crashes from other causes. These studies provide good information on how to design crash prevention activities or driver education activities.

Important note about this information
This summary of international literature has been made available for educational purposes. The information is a selection of literature relevant to medications used by New Zealand drivers and has been summarised to convey the key concepts and as such it does not provide full details of the referenced literature."


Table 1: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Literature on medication use and driving shows that benzodiazepine use is relatively common amongst crashed drivers. Experimental data shows there is potential risk of increased road crashes after taking these medications (because of the types of driving impairments that the medications cause).
Over 100,000 initial prescriptions for lorazepam are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Several studies have shown that long-acting, and some intermediate acting, benzodiazapines can impair driving more than 10 hours after being taken, which may increase risk of crash.
A number of laboratory and driving simulator studies have demonstrated the potential for residual impairment (impairment effects that continue to occur for a period of time). The impairments include tracking ability (ability to stay in the lane), visual discrimination and reaction time. These impairments occur up to 11 hours after taking medication at night-time administration[footnoteRef:2] [2:  Cited Leung 21013a (Seppala, Korttila, Hakkinen, & Linnoila, 1976; Verster, Veldhuijzen, & Volkerts, 2004; Willumeit, Ott, & Neubert, 1984).] 

This phenomenon has typically been more prominent with long-acting benzodiazepines[footnoteRef:3], although exceptions have been reported.  [3:  Cited Leung 21013a (Hindmarch & Subhan, 1983; Ludice et al., 2002)] 

Lorazepam is an example of an intermediate-acting benzodiazepine that has demonstrated effects on on-road car handling. Effects are evident up to 17 hours post-dose, in insomniacs and anxious patients respectively[footnoteRef:4].  [4:  Cited Leung 21013a (Hindmarch & Gudgeon, 1980; Verster, Veldhuijzen, Patat, Olivier, & Volkerts, 2006)] 

Lorazepam has also been shown to impair on-road driving performance (tracking ability) in both anxious patients and healthy volunteers treated with Lorazepam twice daily for seven days[footnoteRef:5]. [5:  Cited Leung 21013a (Verster et al., 2004; Verster, Veldhuijzen, & Volkerts, 2005)] 

	Leung. (2013a).




Table 1 continued: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Zopiclone and alprazolam are shown to significantly impair driving performance in patients and healthy controls.

Over 11,000 initial prescriptions for alprazolam and over 425,000 initial prescriptions of zopiclone are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Two experimental studies demonstrated that both Zopiclone and Alprazolam produced significant driving impairment in both patients and healthy controls.
A nighttime dose of Zopiclone significantly impaired driving in 10 hours post medication in two groups of drivers. The groups were drivers who were patients and drivers in a non- patient ‘healthy’ control group.
· Nocturnal doses of Zopiclone, significantly increased impairment during morning driving 10-11 hours after taking the medication. 
· The level of impairment in road tracking was significantly less in the patients who were chronic users as compared with the ‘healthy’ control group of drivers. 
· Equivalence testing showed the impairing effects of Zopiclone on road tracking were greater or comparable to the effect observed after drinking alcohol (BAC[footnoteRef:6] of 0.5 mg/mL) in all study groups.  [6:  BAC or ‘Blood Alcohol Concentration - BAC of 0.5 mg/mL (milligrams per millilitre) is the New Zealand legal adult drink driving limit. ] 

· Laboratory measures of driving related skills confirmed findings from the driving tests, and demonstrated impairments due to Zopiclone in all driver groups.
	DRUID Deliverable 1.2.2. pp 12-13 (2011).

	
	Alprazolam significantly impaired driving in both patients and healthy controls.
· Alprozalam increased brake reaction time and increased impairment in road tracking in medicated anxious patients, in un-medicated anxious patients and in healthy controls during simulated road tracking 1-2 hours after taking the medication. 
· The impaired road tracking effects far exceeded effects observed after drinking alcohol (BAC=0.5 mg/ml).
	




Table 1 continued: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Driving impairment occurs after taking analgesics (pain medications). When opioid/non-opioid pain medications alone and in combination with hypnotics (sleeping pills) were tested in young (22 years) and older (60 years) drivers, impairment was shown in the older age group only. 
This study shows the need to assess for driving impairment of medications across all age groups of drivers.

Over 330,000 initial prescriptions for codeine are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Combination codeine/paracetamol produced no effect on driving in young, healthy drivers (average 22 years), even when given in high doses. 
Low doses of either combined codeine/paracetamol or zolpidem (an hypnotic - sleeping pill) impaired driving in ‘elderly’ drivers (average age 60 years).
1. Young healthy drivers were assessed following morning doses of codeine/paracetamol combinations (three strengths were used).
· There was no effect at 9am or 10 am (1 hour after administration) of these codeine/paracetamol combinations on simulated driving tests or other laboratory measures of skills related to driving. 
2. Elderly drivers were assessed after three combinations: single dose of nighttime zolpidem, a single dose of morning codeine and their combination. 
· Driving impairment was evident at 9 am testing after single doses of both these drugs when given alone. 
· Codeine/paracetamol increased impairment in road tracking (staying in the lane) and increased crashes during the driving simulation. 
· Nocturnal doses of zolpidem increased impairment in road tracking to similar degree. 
· The combination of both medications did not affect any of the primary measures of simulated driving (globally measure of road tracking). It did show impairments were evident on secondary measures of simulated driving such as speed and number of line crossings (i.e. crossing the lane lines).
	DRUID Deliverable 1.2.2. pp 12-13 (2011).




Table 1 continued: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Zopiclone has residual effects (i.e. impairment effects that continue to occur for a period of time) on car driving, memory, and psychomotor performance (i.e. coordination, precision movements).
Over 425,000 initial prescriptions for Zopiclone are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Patients should be advised to avoid driving the morning after taking zopiclone at night. Zopiclone can cause marked residual impairment when taken at bedtime, 10 hours before driving.
This study compared residual effects of zopiclone and a placebo, with a social dose of alcohol and an alcohol placebo on car driving, memory, and psychomotor performance.
This was a study with thirty healthy volunteers (15 men and 15 women, mean age 32 years). Alcohol and alcohol-placebo drinks was administered around noon with testing 40 minutes later. Next a single dose of Zopiclone or a placebo was administered at bedtime, testing was done 10 hours after zopiclone was taken.
The results demonstrated that:
· Alcohol[footnoteRef:7] significantly impaired performance in all tests.  [7:  Alcohol at an average plasma concentrations of approximately 0.030 g/dl (i.e. an average BAC of 0.3 gm/mL). BAC or ‘Blood Alcohol Concentration - BAC of 0.5 mg/mL (milligrams per millilitre (mg/mL) is the New Zealand legal adult drink driving limit.] 

· Zopiclone had significant residual effects on driving, divided attention, and memory. 
· The magnitude of impairment in the driving test observed the morning after administration of zopiclone was twice that observed with alcohol.
	Vermeeren et al. 2002.




Table 1 continued: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	There is a need for education about the risks of driving whilst taking prescribed medicines

Nearly 14,000 initial prescriptions for oxazepam are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Driving ability was measured on a driving simulator before and after drug administration. 
This trial examined the effects of therapeutic doses of oral oxazepam and codeine, alone and in combination with a moderate dose of alcohol. Thirteen healthy volunteers were given combinations of two substances over eight sessions. 
In healthy volunteers, doses of oxazepam, alone and in combination with alcohol (BAC 0.5), significantly impaired driving performance on a number of driving tasks and driving-related skills. Note that in these same healthy subjects, codeine with alcohol (BAC 0.5) was not shown to impair driving.
· Oxazepam, in particular, significantly impaired ability to maintain control of the vehicle. This was observed even in the absence of any other drug. 
· These findings highlight the need for education on the risks of driving whilst taking prescribed medicines.
	Leung. (2013b).




Table 1 continued: Experimental studies: Medications that impair
	Experimental studies the evidence-base: medications that impair driving

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Alprazolam impairs driving performance of anxiety patients and healthy controls.

Over 11,000 initial prescriptions for these alprazolam are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Alprazolam effects driving performance in three groups (including treated anxiety patients, untreated anxiety patients and healthy participants).
The effect of alprazolam in treated and untreated anxiety patients compared to a healthy control group showed that: 
· Impaired weaving control (i.e. weaving out of the lane) in all groups after taking alprazolam. 
· Increase in brake reaction time (in seconds) was found in treated and untreated anxiety patients when driving in the car following scenario. 
· Healthy participants showed significantly higher levels of riskier close following behaviour after taking alprazolam compared to treated and untreated anxiety patients. 
· A significant decrease in alertness – measured in computerized attention tests – was found only in healthy participants. 
· Untreated patients and healthy participants also reported decreased vigilance.
	Touliou et al. (2013)




Table 2: Epidemiological studies: risk profiles for medication users
	Epidemiological case control study: Risk of driver involvement in crashes

	Conclusion
	Summary findings
	Source

	Drug or medication use in fatally injured drivers is associated with a significantly increased crash risk in the USA.
	A study of over 700 fatally injured drivers in the USA in 2007 were compared with controls (over 7000 drivers) who participated in the 2007 National Roadside Survey of Alcohol and Drug Use by Drivers.
Drug or medication use in fatally injured drivers is associated with a significantly increased crash risk of amongst USA night-time weekend drivers. This is particularly evident when drugs or medicines are used in combination with alcohol. 
Overall, 31.9% of the cases (fatally injured drivers) and 13.7% of the controls (general drivers) tested positive for at least one non-alcohol drug. 
Using the dataset, the researchers estimated the chance of drivers having a fatal crash associated with specific categories of drugs/medications relative to drivers using neither alcohol nor drugs, the estimates are shown as an ‘odds ratio’ (OR) of having a fatal crash:
· The odds ratio (or chance) of having a fatal crash when driving with no alcohol or drugs/medications has a OR is 1.00, compared to the increased odds ratio (or chance) of having a fatal crash after using drugs/medications or alcohol.
· marijuana OR 1.83
· narcotics (e.g. opioids - strong pain medications) OR 3.03
· stimulants (e.g. amphetamines) OR 3.57 
· depressants (e.g. alcohol, benzodiazepines (anti-anxiety medications and sleeping pills), cannabis) OR 4.83
both alcohol and drugs/medications OR 23.24
	Li, et al. (2013).




Table 2 continued: Epidemiological studies: risk profiles for medication users
	Epidemiological case control study: Risk of driver involvement in crashes

	Conclusion
	Summary findings
	Source

	Alcohol combined with various drugs/ medications shows a very elevated crash risk for drivers in Belgium. 
Furthermore, mixing stimulant and sedative drugs/medications is extremely impairing.
	It’s been known for some years that alcohol alone gives an increased crash risk (that is, an ‘odds ratio’ (OR) of more than 1.00).
The presence of psychoactive substances (i.e. drugs/medications that act on the brain) was measured among n=337 injured hospitalised drivers n=~2700 other drivers in Belgium. 
This study of crashes in Belgium shows that alcohol used with various drugs or medications gives a very elevated crash risk amongst drivers:
· Alcohol (any) OR=6.77
· Alcohol at lower levels (0.5-0.8g/L) OR=2.13
· Alcohol at mid-levels (0.8-1.2g/L) OR=9.56
· Alcohol at high levels (>1.2g/L) OR=76.41
· Alcohol and sedative drugs/medications (such as benzodiazepines, z-drugs (like Zopiclone), medicinal opiates) OR=67.19
· Alcohol and stimulant drugs/medications (such as amphetamines, methamphetamine and cocaine) OR=20.34
A mix of stimulant and sedative drugs/medications OR=210.97
	Kuypers, et al. (2012).




Table 2 continued: Epidemiological studies: risk profiles for medication users
	Epidemiological case control study: Risk of driver involvement in crashes

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Patients and prescribers should be warned about the risk of crash during periods of treatment with antidepressants, particularly the high vulnerability periods such as when a medication is first taken or the dose changes. 

Over 1 million initial prescriptions for these antidepressants are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	This study measures the odds ratio (OR) of drivers responsible for crashes in France by using Insurance data, Police reports and Police injurious crashes data, it included:
· n=34 000 drivers responsible for their crash.
· n=37 000 drivers not responsible for their crash.
Prescription antidepressant use correlates to increased risk of being responsible for an injury crash.
1. There is an association between antidepressants and the risk of being responsible for an injury crash.
· For drivers not taking antidepressant medication (Odds ratio (OR) of being responsible for a crash is 1.00).
· For drivers taking any type of antidepressants (OR = 1.34).
2. Prescription antidepressant use correlates with increased risk of being responsible for an injury crash following use of new antidepressant medication or change of dose.
· After taking an antidepressant for the first time (OR= 1.49)
After a change of dose of medication (OR = 1.32)
	Orriols, et al. (2012).




Table 3: Epidemiological studies: crash responsibility by medication users
	Epidemiological crash responsibility study: Responsibility for injury crashes

	Conclusion (number prescribed in NZ)
	Summary findings
	Source

	Abuse of benzodiazapines amongst n=1,809 Australian drivers responsible for injury crashes.

Over 430,000 initial prescriptions for these benzodiazepines, 300,000 for anxiety and over 130,000 for sedation (used as sleeping pills), are prescribed to people of driving age each year in New Zealand. Dowden. (2015).
	Benzodiazepines are associated with increased odds of the driver being responsible for their injury collision. The combination of benzodiazepines with any amount of alcohol caused synergistic impairment (where two substances interact and result in a very high impairment).
Benzodiazepines are widely prescribed because of their inherent short term safety. Prolonged use can be associated with dependence and abuse and is known to impair driving and increase collision risk.
One in ten (10%) of drivers taken to hospital following a collision had a benzodiazepine present (mostly diazepam and its metabolites). Of these, 20% had benzodiazepines in toxic range indicating abuse of medication (most commonly alprazolam).
· All drivers with a toxic level of benzodiazepine were responsible for their collision. 
· Most drivers (94%) with any benzodiazepine and alcohol were responsible for their collision regardless of the amount of alcohol. 
· The relative risk appears to be dose related which has implications for prescribers and their patients. For example, the dose relationship between diazepam dose and odds that a driver was responsible for their injury collision are as follows:
· Low dose of diazepam OR = 6.9
· Therapeutic dose of diazepam OR = 16.8
· High/Toxic dose of diazepam (typical of drug abuse/addition) = infinite
· Diazepam plus alcohol = infinite
Infinite odds means that the driver was responsible for their crash in all or almost all injury crashes they are involved in.
	Ogden. (2013).




Table 3 continued: Epidemiological studies: crash responsibility by medication users
	Epidemiological crash responsibility study: Responsibility for injury crashes

	Conclusion 
	Summary findings
	Source

	The drugs* and driving project in Victoria Australia examined the relationship between accident culpability and drug presence in blood samples taken from n=422 injured drivers (*‘drugs’ includes illicit drugs, as well as misused and legal medications).
	Injured drivers using one or more drugs or medicines had a higher likelihood of culpability (responsibility) in collisions that injured them, compared to those using no drugs. The likelihood of being culpable increased with the more types of drugs or medicines used together (polydrug use).
A total of 70% of all injured drivers were found to be culpable (being to blame/responsible) for their collision; however,
· 51% of drug-free drivers were found culpable
· 75% using one drug/medicine were found culpable
· 77% using two drugs/medicines were found culpable
· 93% using three drugs/medicines were found culpable
· 100% using four drugs/medicines were found culpable.
A total of 39% of injured drivers were found to be under the influence of alcohol, with 62% of these drivers also testing positive to at least one other drug/medicine.
While women accounted for 29% of drivers testing positive to one or more drugs/medicines, they accounted for 42% of drivers who tested positive for benzodiazepines. 
In contrast, women only accounted for 15% of drivers who had combined alcohol with cannabis.
	Morris. (2010).




Table 4: Characteristics of fatal crashes of drivers that used drugs and medications
	Characteristics of crashes – drug use by fatally injured drivers

	Conclusion 
	Summary findings
	Source

	Research shows that drugs and medications have a strong role in crashes that investigators had previously been at a loss to explain, i.e. crashes previously classed as having an unknown cause
The study describes the characteristics of 500 crashes for fatally injured drivers in three provinces in Canada. These crashes were more likely to be in the daytime, on weekdays and involve drivers of all ages and multiple cars.
	Research shows that drugs and medications have a strong role in crashes that investigators had previously classed as having an ‘unknown cause’. 
Analysis of crash attribution among fatally injured drivers who tested positive for drugs/medications and/or alcohol show that:
· when alcohol is present, alcohol is deemed to be of moderate or strong role in 96% of fatal crashes
· when drugs/medications[footnoteRef:8] are present, drugs/medications are deemed to be of moderate or strong role in 49% of fatal crashes[footnoteRef:9] [8:  ‘Drugs/medications’ includes illicit and prescription drugs: cannabis (56%), stimulants (43%), narcotic analgesics (14%) and benzodiazapines (1%).]  [9:  Evidence that drug(s)/medication(s) were a causal factor included: more than one drug/medication present; the drug/medication levels were considered elevated; evidence of recent drug/medication use; statements/observations of erratic driving; and/or statements/observations of impaired and/or unusual behaviour.] 

· when both present, the combined substances were deemed to be of moderate or strong role in 97% of fatal crashes
Crashes where only drugs/medications were deemed to have a strong role in the fatal crash were dissimilar to crashes in which alcohol was deemed have a strong role. These crashes were more likely to: 
- be female drivers 
- be drivers of all ages
- involve multi cars
- be during daytime
- be on weekdays.
	Beasley, et al. (2013).
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