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Abstract

Introduction: The use of psychoactive substances makes driving a car unsafe, as it puts the driver,
passengers and other people who share the road at risk. Many of the accidents and deaths that occur on
European roads are caused by people whose performance is impaired by alcohol, illicit drugs and
medications, or a combination of these substances.

Material and methods: We performed full forensic autopsy, toxicological analysis of blood, urine and
internal organ samples, with subsequent analysis of the results.

Results: For the period 2011-2017 of all cases investigated in the Department of Forensic medicine and
deontology, Sofia, Bulgaria in 520 of them the cause of death was associated with traffic accidents. In 81 of
the cases the chemical analysis showed the presence of alcohol and/or illicit drugs.

Discussion and conclusions: It is well known that alcohol and illicit drugs impair cognitive and physical
abilities. Alcohol was the most commonly recorded psychoactive substance in traffic accidents, followed
by marijuana, cocaine, amphetamines and opioids. All of these drugs affect the central nervous system,
making driving and psychoactive substance use a life-threatening combination. Understanding the effects
of alcohol and different illicit drugs, and the correlations between their use and the risk of traffic accidents
are necessary to develop effective public health and law enforcement strategies for prevention and control.
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INTRODUCTION

The mobility that road transport provided, particularly the car, allows many Europeans
today to enjoy a lifestyle characterized by flexibility and independence [1, 2]. However, the most
recent statistics reveal that more than 28 000 people die on European roads each year, while a
further 1.34 million are injured [1, 2, 3, 4, 5]. Many of the accidents and deaths that occur on
European roads are caused by drivers whose performance is impaired by a psychoactive substance
(alcohol, illicit drugs, psychoactive medicines or a combination of these substances). The results
of experimental studies have indicated that several illicit drugs could have an influence on driving
performance [3]. The chronic use of all illicit drugs is associated with some cognitive and/or
psychomotor impairment, and can lead to decrease in driving performance even when the subject
is no longer intoxicated. Epidemiological studies have confirmed many of the findings from
experimental studies. The “Driving under the Influence of Drugs, Alcohol and Medicines”
(DRUID) project has calculated that, on average, 3.48 % of drivers in the European Union drive
with alcohol in their blood and 1.9 % with illicit drugs [6, 7]. Studies assessing the prevalence of
drugs, medicines and/or alcohol in drivers who were involved in a traffic accident (fatal or
otherwise) have found that alcohol is more prevalent than any other psychoactive substance, but
drugs are also frequently found, and in a higher proportion than in the general driving population.
Of the drugs analyzed, cannabis is the most prevalent after alcohol. Statistically, the use of
amphetamines, cannabis, benzodiazepines, heroin and cocaine is associated with an increased risk
of being involved in and/or responsible for an accident, and in many cases this risk increases when
the drug is combined with another psychoactive substance, such as alcohol [9, 10].
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MATERIALS AND METHODS

For the period 2011-2017 in the Department of Forensic medicine and deontology, Sofia,
Bulgaria, 6672 autopsies of deceased with full forensic analysis were performed. In each case
anamnestic and criminal data was gathered from relatives and authorities of the investigation. In
addition, chemical analysis of biological materials (blood, urine, internal organ samples, and
vitreous fluid) was performed, for the presence of alcohol, illicit drugs and other psychotropic
substances. Furthermore, a subsequent complex analysis was made of the presence and type of
psychoactive substances in the bodies of the deceased, their age and gender distribution.

RESULTS

For the period 2011-2017 of all cases investigated in the Department of Forensic medicine
and deontology, Sofia, Bulgaria in 520 of them the cause of death was associated with traffic
accidents. In 81 of the cases the chemical analysis showed the presence of alcohol and/or illicit
drugs (Figure 1).

In 2011 in the Department of forensic medicine and deontology, Sofia 1078 autopsies of
deceased were performed. In 80 of the cases death was a result of a traffic accident. The analysis
of the data showed presence of psychoactive substances in 22,5% of the examined cases — alcohol
and illicit drugs from the group of the opioids (methadone). In 82,4% of the cases the deceased
were men, and 17,6% - women. The age distribution showed the following: 5,9% of the deceased
were under 20 years old; 58,8% were in the age group 21-40 years; 23,5% - 41-60 years, and
11,8% were over 61 years old.

The following year (2012) 895 autopsies were performed, and in 63 of them were due to a
traffic accident. The chemical analysis of the biological materials revealed that in 15,9% of the
cases there was presence of psychoactive substances — alcohol and illicit drugs (marijuana). In 70%
of them the deceased were men and the other 30% were women. The age distribution is as follows:
under 20 years — 10%, between 21 and 40 years 50%, for the interval between 41-60 years, and 61-
80 years — 20% each.

In 2013 we observed 990 autopsies of deceased and in 81 of them death was associated
with a traffic accident. Psychoactive substances (alcohol and marijuana) were detected in 13,6% of
the examined cases. All the deceased were men with the subsequent age distribution: 21-40 years
— 36,3%; 41-60 years — 54,5%, 61-80 years - 9,1%.

In 2014 we examined 949 cases of death. In 80 of them death was due to a traffic accident.
The additional analysis done in these cases showed the presence of psychoactive substances
(alcohol and illicit drugs /marijuana and Amphetamines/) in 12,5% of them. The gender
distribution showed that the deceased men were 4 times more that woman (80% men to 20%
women). The age distribution showed: 20% of the deceased were under the age of 20; 40% -
between 21-40 years; 30% - between the ages of 41-60, and 10% over 61 years.

For 2015 the data is as follows: 904 autopsies were performed, in 85 of them death was a
result of a traffic accident; the chemical analysis revealed that 13% of the cases were associated
with the use of psychoactive substances (alcohol and illicit drugs/cocaine and amphetamines/). All
of the deceased were men with the following age distribution: 9,1% under the age of 20; 54,5%
were between 21 and 40 years; 27,3% were between 41-60 years and 9,1% over 61 years.

In 2016 we performed 867 autopsies and in 56 of them death was a result of a traffic
accident. The chemical analysis revealed that 17,9% were positive for psychoactive substances —
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alcohol and marijuana. All of the deceased were men. The age distribution is as follows: 10% under
20years, 30% between 21-40 years, and 60% between 41-60 years.

For the year 2017 in the Department of Forensic medicine and deontology 898 were
performed and 75 of them were associated with a traffic accident. In 14,7% of the cases the
toxicology analysis revealed the presence of psychoactive substances —alcohol, marijuana, cocaine
and amphetamines. Again all of the deceased were men. The age distribution shows the following:
36,4% between 21-40, 27,3% between 41-60, and 27,3% over 61 years.

In alcohol positive cases the deceased were separated into three groups: with mild, moderate
and heavy alcohol consumption as presented on Figure 2. In all three groups men prevail over
women, as they are 67% of the cases with mild alcohol consumption, 100% with the moderate one,
and 92% with the heavy alcohol consumption.

DISCUSSION

Driving while under the influence of psychoactive substances is especially dangerous [10,
11]. The effects of specific drugs on the human body differ depending on how they act in the brain.
Drivers who have been drinking have a much higher risk of involvement in crashes compared to
those with lack of alcohol in their blood, and this risk increases rapidly with higher blood alcohol
concentration [2, 12]. Alcohol can affect drivers judgement and reasoning, it slows down their
reactions, upsets the sense of balance and coordination, and causes impairment in vision (blurred
and double vision, loss of peripheral vision) and hearing, loss of concentration and a feeling of
drowsiness [13, 14].

After alcohol, marijuana is the drug most often found in the blood of deceased involved in
traffic accidents [8, 14, 15]. Cannabis acutely reduces some cognitive and psychomotor skills that
are necessary to drive, such as motor control, psychomotor speed, executive function, motor
impulsivity, visual processing, short-term memory, working memory (reaction time and accuracy),
perception and balance, and these effects are mostly dose dependent [15, 16, 17, 18, 19, 20, 21,
22]. Tests for detecting marijuana in drivers measure the level of delta-9- tetrahydrocannabinol
(THC), marijuana’s mind-altering ingredient, in the blood. But the role that marijuana plays in
crashes is often unclear [21, 23]. THC can be detected in body fluids for days or even weeks after
use, and it is often combined with alcohol. The risk associated with marijuana in combination with
alcohol, cocaine, or other drugs appears to be greater than that for either drug by itself [6, 11].

Drivers who have used cocaine or amphetamine can be aggressive and reckless when
driving, because cocaine leads to a sense of over-confidence that can result in a riskier driving at
greater speeds. Epidemiological studies show that cocaine may increase the risk of being involved
in or responsible for an accident. Chronic use of cocaine can cause difficulties in processing
cognitive tasks requiring attention, visuospatial perception, memory, cognitive flexibility,
perceptual-motor speed, problem-solving, abstraction and executive functioning as well. When
drugs are wearing off users may feel tired, affecting concentration levels which, in addition can be
dangerous when the person is driving [4, 5, 24].

The research we conducted showed that for the period 2011 - 2017 in 15.2% of the cases
investigated, the presence of psychoactive substances in blood and urine samples was found.
Alcohol was the most frequently detected psychoactive substance in drivers killed in accidents - in
87.3% of the cases we found the presence of ethyl alcohol, and in 2.5% the alcohol was in
combination with a narcotic (stimulant or opioid) substance. Most of the cases the blood alcohol
concentration was mild (under 1,5 %o) — in 39,6%, followed by moderate consumption (1,6-2,5%o)
in 35,8% of the cases and the heavy alcohol consumption (over 2,6%o) — in 22,6%.
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Narcotic drugs were found in 15.2% of the cases reported, distributed as follows: 6 of the
cases were positive for marijuana as we found its active metabolite tetrahydrocannabinol (THC) in
the examined samples of blood and urine; in 4 cocaine use was observed, in 3 - the use of
amphetamines, and 1 showed the presence of the opioid analgesic methadone, a substance used in
the treatment of heroin dependence. Therefore, from all cases with proved use of an illicit drug the
most frequently used one in death cases associated with traffic accidents is marijuana, followed by
cocaine, amphetamines and opioids (Figure 3).

The most affected age groups are in the age range of 21-30 and 31-40 years, followed by
41-50 and 51-60 year (Figure 4). Men significantly outnumbered women, with the latter accounting
for only 10% of the cases investigated.

It is well known that alcohol and illicit drugs alter brain chemistry and impair cognitive and
physical abilities. Experimental and epidemiological studies show that, while alcohol is still the
number one substance endangering lives on European roads, the number of traffic accidents
associated with illicit drug use is also of severe significance. Cannabis is the most prevalent illicit
drug detected in drivers. It can reasonably be inferred that the use of alcohol and drugs in young
age and the male gender are important factors that directly lead to a drastic increase in the risk of
fatal outcome in cases of traffic accidents. As the age increases, fewer deaths cases are associated
with the consumption of alcohol and other psychoactive substances. Understanding the effects of
different psychoactive substances and the correlations between their use and the risk of traffic
accidents are necessary to develop effective public health and law enforcement strategies for
prevention and control. Efforts to understand these relationships can contribute to the process of
identifying ways to prevent their occurrence or to reduce their magnitude, severity, and their recent
apparent intensification.
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by the authors.

REFERENCES

1. Center for Behavioral Health Statistics and Quality (CBHSQ). Behavioral Health Trends in
the United States: Results from the 2014 National Survey on Drug Use and Health. Rockville, MD:
Substance Abuse and Mental Health Services Administration; 2015. HHS Publication No. SMA
15-4927, NSDUH Series H-50.

2. Center for Behavioral Health Statistics and Quality. Results from the 2016 National Survey
on Drug Use and Health: Detailed Tables. Rockville (MD): SAMHSA; 2017.
https://www.samhsa.gov/data/sites/default/filessNSDUH-DetTabs-2016/NSDUH-DetTabs-
2016.pdf. Accessed September 14, 2017.

3. Elvik R. Risk of road accident associated with the use of drugs: a systematic review and
meta-analysis of evidence from epidemiological studies. Accid Anal Prev. 2013; 60: 254-267.
doi:10.1016/j.aap.2012.06.017.

4. Wilson FA, Stimpson JP, Pagan JA. Fatal crashes from drivers testing positive for drugs in
the U.S., 1993-2010. Public Health Rep Wash DC 1974. 2014;129(4):342-350.

5. EMCDDA (2008), Drug use, impaired driving and traffic accidents, EMCDDA Insights No
8, European Monitoring Centre for Drugs and Drug Addiction,Lisbon.

6. Compton RP, Berning A. Drug and Alcohol Crash Risk. Washington, DC: National
Highway Traffic Safety Administration; 2015. DOT HA 812 117.

7. Drug Involvement of Fatally Injured Drivers. Washington, DC: National Highway Traffic
Safety Administration; 2010.

9
Volume 11, 2018, Number 2: MEDICAL BIOLOGY STUDIES,

CLINICAL STUDIES, SOCIAL MEDICINE AND HEALTH CARE



Science & Research

8. Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem. 2013;59(3):478-
492. doi:10.1373/clinchem.2012.194381.

9. Teen Drivers: Get the Facts. Motor Vehicle Safety. CDC Injury Center.
http://www.cdc.gov/  motorvehiclesafety/teen_drivers/teendrivers_factsheet.ntml.  Published
October 14, 2015. Accessed April 7, 2016

10.  Arria AM, Caldeira KM, Vincent KB, Garnier-Dykstra LM, O’Grady KE. Substance-
related traffic-risk behaviors among college students. Drug Alcohol Depend. 2011;118(2-3):306-
312. doi:10.1016/j.drugalcdep.2011.04.012.

11. Biecheler M-B, Peytavin J-F, Facy F, Martineau H. SAM survey on “drugs and fatal
accidents”: search of substances consumed and comparison between drivers involved under the
influence of alcohol or cannabis. Traffic Inj  Prev. 2008; 9(1):11-21.
doi:10.1080/15389580701737561.

12.  O’Malley PM, Johnston LD. Driving after drug or alcohol use by US high school seniors,
2001-2011. Am J Public Health. 2013;103(11):2027-2034. doi:10.2105/AJPH.2013.301246.

13. Brady JE, Li G. Trends in Alcohol and Other Drugs Detected in Fatally Injured Drivers in
the United States, 1999-2010. Am J Epidemiol. January 2014:kwt327. doi:10.1093/aje/kwt327.
14. Lenné MG, Dietze PM, Triggs TJ, Walmsley S, Murphy B, Redman JR. The effects of
cannabis and alcohol on simulated arterial driving: Influences of driving experience and task
demand. Accid Anal Prev. 2010;42(3):859-866. doi:10.1016/j.aap.2009.04.021.

15. Hartman RL, Brown TL, Milavetz G, et al. Cannabis effects on driving lateral control with
and without alcohol. Drug Alcohol Depend. 2015; 154:25-37.
doi:10.1016/j.drugalcdep.2015.06.015.

16. llan, A. B., Smith, M. E. and Gevins, A. (2004), ‘Effects of marijuana on
neurophysiological signals of working and episodic memory’, Psychopharmacology 176, pp. 214—
22.

17. Kurzthaler, 1., Hummer, M., Miller, C., et al. (1999), ‘Effect of cannabis use on cognitive
functions and driving ability’, Journal of Clinical Psychiatry 60, pp. 395-9.

18. Liguori, A., Gatto, C. P. and Jarrett, D. B. (2002), ‘Separate and combined effects of
marijuana and alcohol on mood, equilibrium and simulated driving’, Psychopharmacology 163,
pp. 399-405.

19. Menetrey, A., Augsburger, M. and Favrat, B. (2005), ‘Assessment of driving capability
through the use of clinical and psychomotor tests in relation to blood cannabinoids levels following
oral administration of 20 mg dronabinol or of a cannabis decoction made with 20 or 60 mg Delta9-
THC’, Journal of Analytical Toxicology 29, pp. 327-38.

20. Nicholson, A. N., Turner, C., Stone, B. M. and Robson, P. J. (2004), ‘Effect of Delta9-
tetrahydrocannabinol and cannabidiol on nocturnal sleep and early-morning behavior in young
adults’, Journal of Clinical Psychopharmacology 24, pp. 305-13.

21. Sexton, B. F., Tunbridge, R. J., Board, A., et al. (2002), ‘TRL 543: the influence of cannabis
and alcohol on driving’, Transport Research Laboratory, Wokingham, United Kingdom.

22. Ramaekers, J. G., Kauert, G., van Ruitenbeek, P., et al. (2006a), ‘High-potency marijuana
impairs executive function and inhibitory motor control’, Neuropsychopharmacology 31, pp.
2296-303

23. Hart, C. L., van Gorp, W., Haney, M., Foltin, R. W. and Fischman, M. W. (2001), ‘Effects
of acute smoked marijuana on complex cognitive performance’, Neuropsychopharmacology 25,
pp. 757-65

10
Volume 11, 2018, Number 2: MEDICAL BIOLOGY STUDIES,

CLINICAL STUDIES, SOCIAL MEDICINE AND HEALTH CARE



Science & Research

24.  Wilson FA, Stimpson JP, Pagan JA. Fatal crashes from drivers testing positive for drugs in
the U.S., 1993-2010. Public Health Rep Wash DC 1974. 2014;129(4):342-350.

Figure 1. Traffic accidents, psychoactive substances and their distribution for the period 2011-
2017 by materials of the Department of Forensic medicine and deontology, Sofia, Bulgaria.
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Figure 2. Type of alcohol consumption in cases deceased in traffic accidents. Gender differences.
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Figure 3. Distribution of the cases positive for illicit drugs (by materials of the Department of
Forensic medicine and deontology, Sofia, for the period 2011-2017)
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Figure 4. Age distribution of the cases positive for psychoactive substances for the period 2011-
2017, by materials of the Department of Forensic medicine and deontology, Sofia, Bulgaria
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