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 Abstract: Driving under the influence of drugs is a major cause of traffic accidents as the majority of drugs reduce 
the driving ability. The aim of the present study is to present the prevalence of cannabinoids, amphetamines, benzodiazepines, 
cocaine and metabolites, opiates, opioids, antidepressants, tricyclic antidepressants (TCA) and antipsychotics in blood samples 
from drivers involved in road traffic accidents from 2015 to 2018 in Northern Greece and to compare these data with those of 
previous studies in other countries. The most frequently observed compounds were benzodiazepines (22.5%) and secondary 
opioids (10%), cannabinoids (7.7%) and cocaine (6.5%). Also the obtained data from the Hellenic Police department showed 
that 8% of total traffic violations were due to alcohol-positive driving.
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INTRODUCTION

 Driving under the influence of drugs poses 
threats to public health and establishes a serious road 
safety issue, as driving requires a coordination of 
central nervous and neuromuscular system [1]. Even in 
low doses some drugs reduce the driving skills [2].
 Some early studies of drugs and crash risk 
evaluated that cannabis users are more likely to cause a 
crash than drug free users. Cannabis is an illicit substance 
with a high degree of consumption around the world 
and causes acute psychological effects such as euphoria, 
dysphoria, sedation and altered perception [3]. 
 The metabolites of Δ9-tetrahydrocannabinol 
(THC), which is the major psychoactive substance 
of marijuana are the active 11-hydroxy-Δ9-
tetrahydrocannabinol (11-OH-THC) and the inactive 
11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-
COOH) [4]. Driving performance impairment is dose 
- dependent and usually persist 2 to 4 hours [5, 6]. In 
several road tests and driving simulator tests [7–12] 
among cannabis users has been observed difficulty in 
concentration, estimation of time and distance and 
coordination on divide attention tasks [13, 14]. 
 Secondary in abuse are the benzodiazepines, 
cocaine, amphetamines and opioids [11]. Although a 

decrease in driving capacity is generally observed after 
the use of benzodiazepines, there are inconsistencies 
regarding the different types of effects, the time 
of intake and the chronic or non-chronic use of 
benzodiazepines [11]. Changes in mood that were 
observed after administration of opioids depended 
on the type of opioid and the route of administration. 
However, there are few data of significant opioid-
induced disability due to the use of low doses in 
several studies. Albery et al. [15] examined the 
reports of 51 out-of-treatment current drug users, 
where the 81.7% drive instantly after the consumption 
of illicit drugs, especially heroin and cannabis. Of 
these 41.4% were drivers and had at least one road 
traffic accident and the remaining 62.4% reported 
involvement in accident after recent drug use. 
Another case study among drivers of motor vehicles 
killed in Australian road traffic crashes [16] showed 
that drivers positive to psychotropic drugs and drivers 
positive to delta9-tetrahydrocannabinol (THC) in 
their blood have higher culpability, than drivers with 
negative blood results. A strong association between 
culpability and use of stimulants and psychoactive 
drugs were observed, but associations of opiates and 
benzodiazepines were insignificant.
 Other experimental studies on instrumented 
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cars provide information about the effects of several 
CNS active drugs, evaluating the increase of the 
standard deviation of lateral position (SDLP) as a 
marker of driving performance [12, 17, 18]. 
 Also, combined use of drugs is common among 
accident-involved drivers. It is well known that the risk 
of causing an accident is greater under the influence of 
two or more drugs in combination than that for a single 
drug by itself. The simultaneous use is capable to cause 
additive, synergistic or antagonistic effects [19, 20]. A 
recent study found out that drivers positive for multiple 
drugs are five times more likely to cause an accident 
[21]. A considerable increase in polydrug use was also 
found in several studies the past decade. 
 The aim of the present study is to capture a 
picture of the prevalence and profile of drug driving, in 
the population of northern Greece.

MATERIALS AND METHODS

 Study population
 The study population consisted of drivers 
involved in traffic accidents in the region of Northern 
Greece during the four year period 2015-2018. The 
blood and urine samples were collected at the hospital 
only after a car crash and if at least the one of the drivers 
involved was injured. Also, in fatal cases the samples 
were collected from autopsies. Crashes caused from 
natural conditions or suicides were excluded. The 
data were obtained from the Laboratory of Forensic 
Medicine and Toxicology, faculty of Medicine, Aristotle 
University of Thessaloniki. 

 Drug analysis
 The toxicological analysis included testing for 
cannabinoids, amphetamines, benzodiazepines, cocaine 
and metabolites, opiates (morphine, 6-acetylmorphine, 
codeine), opioids (methadone, EDDP, buprenorphine, 
norbuprenophrine) antidepressants, tricyclic 
antidepressants (TCA) and antipsychotics. The group 
of cannabinoids included cases found to contain 
either THC or carboxy-THC. The screening in urine 
samples was performed using a SIEMENS enzymatic 
immunoassay (EMIT) for controlled substances, and a 
full scan GC/MS method was performed for the other 
drugs and also for screening in whole blood [22]. The 
confirmation of the drugs and their metabolites was 
always done in whole blood samples. The confirmation 
of the drugs and their metabolites was always done in 
whole blood samples.

RESULTS

 Prevalence of drugs 
 One hundred and sixty-nine drivers were 
included in the present study, both males and females. 
22.5% of the samples tested positive for benzodiazepines, 
followed by opioids (10%), cannabinoids (7.7%) and 
cocaine (6.5%), while a much smaller proportion of 
drivers use MDMA (0.59%) and antipsychotics (1.8%), 
(Table 1). Most commonly detected benzodiazepines 
among drivers are diazepam, bromazepam, 
nordiazepam and 7-aminoflunitrazepam.

 Drugs combination
 The number of traffic accidents and positive 
cases were greater during the year 2016 for almost all 
drug categories (Fig. 1). Of total study population 39.6% 
were positive for at least one psychoactive substance and 
of these the 17.3 % tested positive for more than one 
drug, including mainly the combination of cannabis with 
benzodiazepines and cannabis with cocaine and opioids 
(Table 2). More specifically (Fig. 2), a large proportion 
of drugs combination appears the first semester of 2018 
proportionally to the total cases, while the years 2015 
and 2017 this phenomenon is insignificant.

 General population data in Greece
 Hellenic Police’s data (Fig. 3) reported 3.716 
traffic accidents in Greece during the years 2013-2017, 
which involved fatal, injury and property damage 
crashes. The data shown a decrease in the number of 
crashes from the year 2013 to the year 2017, while the 
years 2014-2016 the number of accidents was almost 
the same. 2.030.057 traffic violations listed through the 
years 2013 -2017, of which the 8% was due to alcohol-
positive driving (Fig. 4). There is a remarkable increase 
in violations due to alcohol driving through this four 
years period. 
 Greece’s annual drug report 2017 [23] provide 
recent data in the general population of Greece that 
come from a household survey in 2004 and from 
another survey, in 2006 in three cities. These surveys 
have shown that cannabis is the most commonly used 
drug and its use is mainly among young people aged 
15-24. 
 Findings from the Europe-wide annual 
wastewater campaign, coordinated by the European 
SCORE team, in which Athens participates, provides 
evidence of local drug use based on the levels of the 
various substances and their metabolites in urban 
waste water. The presence of metabolites of cocaine 
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and MDMA (ecstasy) showed that in 2016 the use of 
stimulants was higher at weekends than on weekdays 
while the low levels of amphetamine and MDMA 
metabolites, indicating that the use of these substances 
in Athens was limited. A decrease in levels of illegal 
substances and their metabolites observed during 
2014-2016, showing a possible downward trend in the 
use of these substances.

 General population data in Europe and 
America 
 European Traffic Safety Council [24] provide 
data about drugs consumption on general and driving 
population in Europe. A percentage of 25% (15-64 
year old) of the general population in EU have tried 
illicit drugs at some point, while the 1.95% used illicit 
and 1.6% licit drugs. However self-reporting figures 
are higher, as 11% said they had driven after drug 
consumption at least once in past year and 22% said 
they had driven after using medication (with a driving 
warning).
 Findings from the DRUID project [25] among 
50.000 drivers in 13 European Countries summarizes 
that 3.48 % were positive for alcohol, 1.90 % for illicit 
drugs and 1.36 % for medicines. Also combinations of 
drugs or medicines present in 0.39 % and alcohol in 
combination with drugs or medicines in 0.37 %. Large 
differences were observed among the European regions, 
where the drivers from the southern countries of Europe 
usually have the highest percentage for alcohol, while 

P<0.05 is considered as significant

Table 1. Drugs prevalence and detection limits

Drug
Number 

of positive 
cases

Percentage 
of total (%)

Number 
of positive 

cases

Percentage 
of total (%)

Number 
of positive 

cases

Percentage 
of total (%)

Number 
of positive 

cases

Percentage 
of total (%)

Total 
(%) 

Total 
number 

of positive 
cases

  2015 2016 2017 2018
Cannabinoids 1 0.59 10 5.92 2 1.18 0 0.00  7.69 13

Benzodiazepines 
(diazepam, nordiazepam, 
oxazepam, temazepam, 
7-aminoflunitrazepam, 

alprazolam, 
flunitrazepam, 

lorazepam)

7 4.14 17 10.06 9 5.33 5 2.96 22.49 38

Cocaine and 
its Metabolites 

(anhydroecgonine 
methyl ester, 

ecgoninemethyl ester) 

1 0.59 9 5.33 1 0.59 0 0.00  6.51 11

MDMA 0 0.00 1 0.59 0 0.00 0 0.00  0.59 1
Opioids (methadone, 
codeine, morphine, 

6-monoacetymorphine, 
festanyl, tramadol, 

EDDP)

5 2.96 11 6.51 1 0.59 0 0.00  
10.06 17

Antidepressants 
(venlafaxine, 

norvenlafaxine, 
mirtazapine, citalopram)

0 0.00 4 2.37 1 0.59 0 0.00  2.96 5

 Antipsychotics 
(haloperidol) 0 0.00 1 0.59 0 0.00 2 1.18  1.78 3

Drugs Number of polydrug 
cases 

Canabinoids and 
benzodiazepines 4

Cannabinoids and cocaine 
metabolites 3

Cannabinoids and 
amphetamines 1

Benzodiazepines  and 
Opioids 3

Antipsychotics and 
benzodiazepines 2

Table 2. Drug combination data
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use of medicines was greater in the northern countries. 
Additionally, illicit drugs prevalence was greater in the 
southern countries. 
 A report from the National Highway Traffic 
Safety Administration (NHTSA) [26] on drug use by 
drivers involved in America’s fatal crashes during the 
period 2005-2009. 63% of 21,798 drivers who were died 
in motor vehicle crashes in 2009 were examined for 
drugs. Of these, 18% (3.952) tested were found positive. 
The report also showed an increase in this percentage 
from 13 to 15 in the period from 2005 to 2006, and 
from 16 to 18 in the period from 2007 to 2008. 

DISCUSSION

 The results showed a high prevalence of 
psychoactive substances among drivers, especially in 
2016. Also, a high consumption of alcohol is observed 
from the traffic violation data among the general 
population of Greece, the years 2016 and 2017. 
 The presence of drugs in this study based on 
collection of blood and urine samples and may interfere 
with the medical treatments of injured drivers after 
the accident, because compounds such as midazolam, 
fentanyl and tramadol are frequently used as analgesics 

and sedatives. In general, drugs have a longer detection 
time in urine than in blood samples and this fact implies 
that the prevalence of drugs would be lower in studies 
which use blood samples, compare to these using urine 
tests. The short and long half- life of some drugs present 
in blood is another caution point, in order to export 
valid results. Drug involvement indicates that drugs 
were present in the driver’s body. However, there is no 
evidence that the crash was due to previous drug use. 
 The overall prevalence of illicit drugs in our 
study was 39.6% while in another study in southern 
Greece [27] during the years 1998-2004 only 9% 
(256) of the total cases tested positive for psychoactive 
substances, especially benzodiazepines, cannabis 
and opiates. The phenomenon of polydrug use is also 
present in the study above, as 87 cases of the total 256 
positive cases were due to drug combination. However, 
the presence of alcohol was more significant, with a 
reduction in alcohol detection from 36-38% in years 
1998-2004 to 29% in the following years 2001-2004. 
One more study in southern Greece [28] during the 
years 1995-1997 examined the prevalence of alcohol 
and other psychoactive drugs among victims of traffic 
accidents. In this study 41% of the total cases (856) 
were positive for alcohol while 6% were tested positive 

Figure 1. Drugs distribution among drivers involved in traffic 
accidents from 2015-2018. 

Figure 3. Traffic accidents in Greece from 2013 to 2017.  Road 
Police Statistical Data, Hellenic Police.

Figure 4. Drunk-driving traffic violations from2013 to 2017. Road 
Police Statistical Data, Hellenic Police.

Figure 2. Number of total, positive and drug combination cases per 
year. 
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for illicit drugs, mainly opiates, benzodiazepines and 
cannabinoids. However, therapeutic use cannot be 
excluded from these data. 
 Findings from the toxicological analysis of 
118 cases of fatally injured drivers and motorcyclists 
in Scotland from 2012-2015 [29], present a large 
percentage of positive cases (57%). The main detected 
substances were alcohol and cannabinoids, while 15 % 
of total cases were over the prescribed blood alcohol 
limit at the time of analysis.
 A survey in Denmark (30), in seriously injured 
drivers revealed that 18% of cases exceeded the Danish 
limit for ethanol which is 0.53g/L in blood. Also, 6.4% 
of cases tested positive for medicinal drugs mainly 
benzodiazepines and z-drugs at levels above the legal 
limits, followed by amphetamines and cannabis (4.9%).
 Another Norwegian study among injured 
patients in emergency department, included injured 
drivers from road traffic accidents, had positive findings 
for 25% of the drivers, about half of which were for 
alcohol [23]. A variability also observed on the frequency 
of the different substances detected. In a Spanish study 
the most frequently consumed illicit drug was cocaine, 
followed by opiates, cannabis and amphetamines, while 
a study from Australia cannabinoids were detected in 
13.5%, opioids in 4.9% and stimulants in 4.1%. Another 
study in Australia found an overall prevalence rate of 
25% for psychoactive substances and 12% for alcohol 
[31].
 Several studies have been demonstrated an 
association between the use of drugs and the reduction 
of driving skills, although there is still a significant 
uncertainty [32]. This uncertainty is due to the difficulty 
to define a rule for the behavioral response to drugs, 
because of the large individual variation in human 
response to drug consumption [33]. Costa N et al. [34] 
observed that the causes of road traffic crashes depends 
on a combination of factors. These factors are the type 
of vehicle, the environment and the human element.
 In conclusion, the results of this study shown 
that the use of psychoactive substances in northern 
Greece is of great concern recently, as introduce an 
important road safety issue. Drivers used mainly 
benzodiazepines (22.5%) and secondary opioids (10%), 
cannabinoids (7.7%) and cocaine 6.5%). Also, data from 
the Hellenic Police department state that the 8% of total 
traffic violations is due to alcohol- positive driving and 
an increase in alcohol detection was observed through 
the years 2013-2017. 
 Popularity and availability of drugs of abuse 
differs throughout the years according to previous 

Greek studies. The use of psychoactive drugs other than 
alcohol was not a major problem in the past decades in 
southern Greece. However, an increase in drug driving 
observed over the years.
 It can be concluded that continuous 
monitoring and evaluation is necessary in order to 
prevent the number of traffic accidents. 

  Conflict of interest
 The authors declare that they have no conflict of 
interest.

References
1. Brown T, Milavetz G, Murry DJ. Alcohol, Drugs and Driving: 
Implications for Evaluating Driver Impairment. Ann Adv Automot 
Med. 2013;57:23–32. 
2. Drug Facts - ADF - Alcohol &amp; Drug Foundation. 
3. Ashton CH, Moore PB, Gallagher P, Young AH. Cannabinoids 
in bipolar affective disorder: a review and discussion of their 
therapeutic potential. J Psychopharmacol. 2005;19(3):293–300. 
4. Dasgupta A. Analysis of drugs of abuse in serum, hair, oral fluid, 
sweat, and meconium. In: Alcohol, Drugs, Genes and the Clinical 
Laboratory. Elsevier; 2017. p. 193–210. 
5. Austroads, editor. Drugs and driving in Australia / Austroads. 
Sydney, N.S.W: Austroads Inc; 2000. (AUSTROADS publication ; 
AP-R172/00.). 
6. Ashton CH. Adverse effects of cannabis and cannabinoids. Br J 
Anaesth. 1999; 83(4):637–649. 
7. Smiley A. Marijuana on-road and driving simulator studies. 
Alcohol, Drugs, Driv. 1986; 2(3–4). 
8. Kurzthaler I, Hummer M, Miller C, Sperner-Unterweger B, 
Günther V, Wechdorn H, Battista HJ, Fleischhacker WW. Effect 
of cannabis use on cognitive functions and driving ability. J Clin 
Psychiatry. 1999; 60(6):395–399. 
9. Walsh GW, Mann RE. On the high road: driving under the 
influence of cannabis in Ontario. Can J Public Health. 1999; 
90(4):260–263. 
10. Moskowitz H. Marihuana and driving. Accid Anal Prev. 1985; 
17(4):323–345. 
11. Kelly E, Darke S, Ross J. A review of drug use and driving: 
epidemiology, impairment, risk factors and risk perceptions. Drug 
Alcohol Rev. 2004; 23(3):319–344. 
12. Ramaekers JG, Robbe HWJ, O’Hanlon JF. Marijuana, alcohol 
and actual driving performance. Hum Psychopharmacol Clin Exp. 
2000 Oct;15(7):551–558. 
13. Papafotiou K, Carter JD, Stough C. The relationship between 
performance on the standardised field sobriety tests, driving 
performance and the level of Delta9-tetrahydrocannabinol (THC) 
in blood. Forensic Sci Int. 2005; 155(2–3):172–178. 
14. Ogden EJD, Moskowitz H. Effects of alcohol and other drugs on 
driver performance. Traffic Inj Prev. 2004; 5(3):185–198. 
15. Albery IP, Strang J, Gossop M, Griffiths P. Illicit drugs and 
driving: prevalence, beliefs and accident involvement among a 
cohort of current out-of-treatment drug users. Drug Alcohol 
Depend. 2000; 58(1–2):197–204. 
16. Drummer OH, Gerostamoulos J, Batziris H, Chu M, Caplehorn 
J, Robertson MD, Swann P. The involvement of drugs in drivers of 
motor vehicles killed in Australian road traffic crashes. Accid Anal 
Prev. 2004; 36(2):239–48. 
17. Brookhuis K, Waard DD, Mulder B. Measuring driving 
performance by car-following in traffic. Ergonomics. 1994; 
37(3):427–34. 

Figure 1. Light microscopic micrograph of testis in control group.



Drug driving in Northern Greece among drivers involved in road traffic accidents

55

18. Marijuana use and driving. 
19. Hartman RL, Huestis MA. Cannabis Effects on Driving Skills. 
Clin Chem. 2013; 59(3):478–492. 
20. Drugs and driving : a review of the evidence Drinking and 
driving in Canada: 1–31. 
21. Stokes P. Submission to the Standing Committee on Family 
and Community Affairs Inquiry into substance abuse in Australian 
communities By the Community Coalition For A Drug Free Society 
(Vic). 2002;(July). 
22. Mastrogianni O, Gbandi E, Orphanidis A, Raikos N, 
Goutziomitrou E, Kolibianakis EM, Tarlatzis BC, Goulas A. 
Association of the CYP2B6 c.516G > T Polymorphism with High 
Blood Propofol Concentrations in Women from Northern Greece. 
Vol. 29, Drug metabolism and pharmacokinetics. 2013. 
23. European Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA). Greece. 2017. 
24. Preventing drug driving in Europe: policy measures for national 
and EU action. Parliamentary Advisory Council for Transport 
Safety; European Transport Safety Council. 2017. 
25. European Monitoring Centre for Drugs and Drug Addiction 
(EMCDDA). Driving Under the Influence of Drugs, Alcohol and 
Medicines in Europe — findings from the DRUID project. Emcdda. 
2012;1–58. 
26. NHTSA Reports Drug Use Among Fatally Injured Drivers 
Increased Over the Last Five Years | National Highway Traffic Safety 
Administration (NHTSA). 

27. Papadodima SA, Athanaselis SA, Stefanidou ME, Dona AA, 
Papoutsis I, Maravelias CP, Spiliopoulou CA. Driving under the 
influence in Greece: A 7-year survey (1998–2004). Forensic Sci Int. 
2008; 174(2–3):157–160. 
28. Athanaselis S, Dona A, Papadodima S, Papoutsis G, Maravelias 
C, Koutselinis A. The use of alcohol and other psychoactive 
substances by victims of traffic accidents in Greece. Forensic Sci Int. 
1999; 102(2–3):103–109. 
29. Hamnett HJ, Ilett M, Izzati F, Smith SS, Watson KH. Toxicological 
findings in driver and motorcyclist fatalities in Scotland 2012–2015. 
Forensic Sci Int. 2017;274:22–26. 
30. Wiese Simonsen K, Steentoft A, Bernhoft IM, Hels T, Rasmussen 
BS, Linnet K. Psychoactive substances in seriously injured drivers in 
Denmark. Forensic Sci Int. 2013;224(1–3):44–50. 
31. Longo MC, Hunter CE, Lokan RJ, White JM, White MA. The 
prevalence of alcohol, cannabinoids, benzodiazepines and stimulants 
amongst injured drivers and their role in driver culpability: part ii: 
the relationship between drug prevalence and drug concentration, 
and driver culpability. Accid Anal Prev. 2000; 32(5):623–632. 
32. Drummer OH, Gerostamoulos J, Batziris H, Chu M, Caplehorn 
J, Robertson MD, Swann P. The involvement of drugs in drivers of 
motor vehicles killed in Australian road traffic crashes. Accid Anal 
Prev. 2004 Mar;36(2):239–248. 
33. Shinar D. Traffic safety and human behavior. Emerald Publishing 
Limited; 2017. 1249 p. 
34. Costa N, Silva R, Mendonça MC, Real FC, Vieira DN, Teixeira 
HM. Prevalence of ethanol and illicit drugs in road traffic accidents 
in the centre of Portugal: An eighteen-year update. Forensic Sci Int. 
2012;216(1–3):37–43.


