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Abstract: Alcohol and drug abuse is a major contributory factor of all road deaths in Europe. The
aim of this study is to investigate the prevalence of alcohol and licit/illicit drug intake among victims
of road accidents in Campania region (Italy). A retrospective analysis of road traffic deaths from
2013 to 2022 in Campania was performed. The toxicological results from fluid samples collected at
autopsy were reviewed. In total, 228 road deaths occurred, mostly during nights and weekends. A
total of 106 victims tested positive for alcohol and/or drugs, among which 39 (36.8%) tested positive
for alcohol only, 27 (25.5%) for alcohol and drugs in association; and 40 (37.7%) for licit/illicit drugs
only, either individually or in combination. Polydrug intake has been found in 21 victims, and
nine in combination with alcohol. The most detected drugs were cocaine and A°THC, followed by
benzodiazepines. Blood alcohol concentration (BAC) > 1.5 g/L was found in most alcohol positives,
both alone and in association with drugs. Despite the penalties for driving under the influence of
alcohol (DUI) and drugs (DUID), no decrease in the number of alcohol and/or drugs related fatal
road accidents has been observed. DUI and/or DUID cases were approximately one third of the
entire sample study.

Keywords: road traffic deaths; DUI; DUID; blood alcohol concentration (BAC); drug abuse

1. Introduction

Road safety is a priority goal for most countries to improve public health and reduce
high social costs related to deaths, injuries, and/or disabilities resulting from road traffic
crashes [1]. Driving under the influence of alcohol (DUI) and licit/illicit drugs (DUID)
is a well-known risk factor for road accidents [2-5]. The neuro-psychic, cognitive and
behavioral alterations resulting from the intake of alcohol and/or illicit/licit substances
are widely described in the literature [6-18]. Although legislations of several countries,
including Italy, prescribe severe penalties for DUI and DUID, no real benefit seems to be
obtained and no significant reduction in alcohol/drug-related road accidents has been
reported [19].

According to the report of the World Health Organization (WHO) on road safety,
about 1.35 million people die in road crashes each year, among which between 5% and 35%
is related to alcohol consumption [20-22]. It is also estimated that the risk of fatal crash
increase by 5 times if drug consumption is involved [20]. According to National Highway
Traffic Safety Administration (NHGT), in USA, in 2021, 42,939 road crashes occurred
in total, among which 13,384 (31%) were alcohol related. In the USA, over the 10-year

Separations 2023, 10, 589. https:/ /doi.org/10.3390/separations10120589

https://www.mdpi.com/journal /separations


https://doi.org/10.3390/separations10120589
https://doi.org/10.3390/separations10120589
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/separations
https://www.mdpi.com
https://orcid.org/0000-0002-0516-8422
https://orcid.org/0000-0002-9666-2636
https://orcid.org/0000-0003-3388-8600
https://orcid.org/0000-0003-2865-0673
https://doi.org/10.3390/separations10120589
https://www.mdpi.com/journal/separations
https://www.mdpi.com/article/10.3390/separations10120589?type=check_update&version=1

Separations 2023, 10, 589

2 of 14

period from 2012-2021, about 10,850 people died every year in drunk-driving crashes [23].
Similar trend has been reported by European Transport Safety Council (ETSC): in Europe,
19,823 people died because of road collisions in 2021, and around 25% of all road traffic
deaths are estimated to be alcohol related [24]. This means that at least 10,000 people a year
are killed in alcohol-related road accidents [25].

Based on the 2021 report of the National Institute for Statistics (ISTAT), 151.875 road
accidents with 2.875 victims (+ 20% than 2020) occurred in Italy, 9.014 of which (+ 27.2%
than 2020) reported in Campania [26]. Campania is the third most-populous Italian region,
located on the Southern west coast of the country with a population of about 5.800.000
people. In Italy, articles 186 and 187 of the Italian road traffic law provide severe penalties
for DUI and DUID resulting in death or serious injuries [27]. The aim of this study is to
investigate the prevalence of alcohol and licit/illicit drugs consumption among victims who
died after road traffic accidents occurred in Campania, and to provide detailed descriptions
of the analytical procedures adopted for the standard toxicological analysis.

2. Materials and Methods

A retrospective analysis of deaths related to road traffic accidents over the past ten
years, from 2013 to 2022, in the districts of Naples and Caserta (Campania Region, Italy)
was performed. The toxicological results from fluid samples (blood and urine) collected
at autopsy were reviewed. The toxicological analyses were carried out by the Forensic
Toxicology Laboratory of University of Campania “Luigi Vanvitelli” in all road accidents
causing deaths of drivers, vehicle occupants, and pedestrians.

2.1. Subjects

The victims were categorized by age, gender, toxicological results (alcohol and/or
drugs positivity), period of road accident occurrence, cause, and time of death. Other
factors that might have contributed to traffic accidents, like diseases or disabilities of
victims and/or drivers, the use of smartphones while driving, or vehicle failures were not
available in our dataset, and therefore not included in the study.

According to the time and days of the week, the road accidents were grouped in
five interval periods as follows: weekdays (Mondays to Friday), weekends (Saturday
and Sunday), mornings (08:00 a.m.—02:00 p.m.), afternoons (02:00 p.m.—08:00 p.m.), and
night-time (08:00 p.m.—08:00 a.m.).

2.2. Sample Collection and Analytical Procedures

Sample collection was performed at autopsies using test tubes containing 2% Sodium
Fluoride (NaF 2%) labelled with an identification code and then stored at —20° until
processed in the Forensic toxicology laboratory, usually never later than 5 weeks.

Blood samples were taken from the femoral vein or the Inferior Vena Cava and, if
possible, from the heart.

Head-space gas chromatography coupled with a flame ionization detector (HS/GC-
FID) was applied to analyze blood alcohol concentration (BAC). Linear calibration was
obtained for ethanol in the range 0.1-3.0 g/L. To detect BAC higher than 3.0 g/L, an
appropriate dilution of samples was adopted during the pre-treatment.

To perform a systematic toxicological analysis, biological samples were treated with
enzymatic hydrolysis and L/L or SPE extraction for different classes of licit and illicit drugs,
under specific conditions for neutral, alkaline, and acid analytes, as shown in Figure 1a.
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Figure 1. (a) List of target substances; (b) description of analytical procedures applied to analyze
biological samples.

Prior evaporation under N2, residues of each extract were reconstituted in methanol or
derivatized using MSTFA or TMA-OH in order to perform GC/MS. Gas Chromatography
(GC/MS) was performed in SCAN/SIM mode using an Agilent GC7820 coupled with
5977EMSD (Agilent, Santa Clara, CA, USA) equipped with capillary column hp-5ms (K&W
Scientific—30 x 0.25 mm, 0.25 mm film thickness).

LC-MS/MS analyses were performed by a triple quadrupole mass spectrometer
(ABSciex 3200, Carlsbad, CA, USA) associated with a Liquid Chromatography Agilent
1200 equipped with Zorbax DB-C18 column (4.6 x 50 mm, particle size 1.8 mm).

A gradient of two different mobile phases (0.5% formic acid /2 mM ammonium formate
buffer in water, and 0.5% formic acid/2 mM ammonium formate buffer in acetonitrile) was
used to perform Chromatographic separation. The gradient program began with 5% B at
0-0.2 min, reaching 100% at 5 min, maintained until 7 min. The B content finally reverted to
5%. The total run time was 10 min with a 0.9 mL/min flow rate. The analytical procedures
applied to analyze biological samples are summarized in Figure 1b.

Quantitative analyses were performed on positive urine and blood samples adopting
certified standards and the corresponding deuterated compounds, as internal standard
(LS.) (Cerilliant-UK), applying the cut-off established by the Guidelines of the Italian
Group of the Forensic Toxicologists (GTFI) [28,29]. All qualitative and quantitative GC-MS
(SCAN/SIM) and LC/MS-MS (MRM Mode) methods were certified according to Peters
et al. [30], and following the Recommendations of Guidance for the Bioanalytical Method
Validation (FDA-USA) [31].

The monitoring of the analytical performances was entrusted to the external quality
control program of the Society of Toxicological and Forensic Chemistry, Germany (GTFCh).

In Italy, the severity of penalties is related to BAC ranges detected. The legal limit
of BAC is 0.5 g/L, while for job drivers and new drivers with a license for less than three
years, a zero-tolerance policy is adopted, with the legal limit of BAC at 0 g/L. Therefore,
according to Italian legislation for DUI, the BAC ranges detected were grouped as follows:
<0.5g/L,0.51-0.8 g/L,0.81-1.5 g/L, and >1.51 g/L.

Blood, urine, and bile samples were collected during the autopsies. Positive alcohol
and/or drug tests were interpreted in accordance with the circumstantial information.

2.3. Statistical Analysis

In order to assess whether there was a significant or directional trend in our data
over time, the Cochran-Armitage test was used. To determine any significant difference
(p < 0.005) among groups, the Fisher exact test was applied.
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3. Results
3.1. Characteristics of Fatal Road Accidents

From 2013 to 2022, toxicological investigations were performed in 228 judicial autop-
sies from fatal road accidents where DUI or DUID was suspected. The highest number of
fatal road accidents occurred in 2021 (47 out of 228 cases in total; 20.6%), whilst the lowest
number was reported in 2015 (six cases only, 2.6%). The highest number of victims tested
positive for alcohol and/or drugs occurred in 2021 (21 out of 106), whilst the lowest number
was reported in 2013 (3 out of 106). The average number of positive victims per year is 10.6.
Figure 2 shows the distribution of road traffic related deaths per year from 2013 to 2022.
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Figure 2. Distribution of road traffic related deaths from 2013 to 2022.

Most of the toxicological investigations were performed in summer months from July
to September (97 out of 228; 42.5%) and on weekend nights (43 out of 228; 18.9%). Most
of the victims were young, belonging to the 19-29 years age-group (55 out of 228; 24.1%),
whilst minors of 18 years were the age group least represented (10 out of 228 victims; 4.4%).
Age was not available only in three unidentified victims. Almost all the victims were males
(214 out of 228; 93.9%), while only 14 females (6.1%) were counted. Toxicological analyses
were positive in 106 out of 228 cases (46.5%). Age and gender distribution of the victims
and positive toxicological results are shown in Table 1.

Table 1. Age and gender distribution of the 228 victims and of the 106 cases occurred in Campania
from 2013 to 2022.

Age Group Total Victims Total Positive Victims
Years No. (%) No. (%)
Total Female Male Total Female Male
<18 10 (4.4) 0(0) 10 (4.4) 2(1.9) 0(0) 2 (1.9)
19-29 55 (24.1) 3(1.3) 52 (22.8) 25 (23.6) 1(0.9) 24 (22.6)
30-39 46 (20.2) 2(0.9) 44 (19.3) 26 (24.5) 1(0.9) 25 (23.6)
40-49 49 (21.5) 2(0.9) 47 (20.6) 30 (28.3) 1(0.9) 29 (27.4)
50-59 28 (12.3) 2 (0.9) 26 (11.4) 14 (13.2) 0 (0) 14 (13.2)
>60 37 (16.2) 3(1.3) 34 (14.9) 8 (7.5) 0 (0) 8 (7.5)
Undetermined 3(1.3) 2 (0.9) 1(0.4) 1(0.9) 0 (0) 1(0.9)
Total 228 14 214 106 3 103

Positive toxicological cases occurred mostly in victims aged between 40 and 49 years
old (30 out of 106; 28.3%); females and males were involved in almost all cases (103 victims
in total; 97.1%). Toxicological analyses were positive only in three female victims (2.9%).
See Table 1 for details.
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Most of the 228 traffic accidents involved cars (N = 117; 51.3%), followed soon after
by 83 motorcycles (36.4%), and only a few bicycles, trucks, and trains. Most of the victims
were drivers (154 out of 228; 67.5%), mostly driving motorcycles (79 out of 154; 51.3%),
followed by cars (54 out of 154; 35.0%), bicycles (18 out of 154; 11.9%), with two trucks and
one bus only. The pedestrians were 55 in total, and 15 passengers were counted in total.
The distribution of vehicles involved in road traffic deaths, the position of the victims, and
positive toxicological results are summarized in Table 2.

Table 2. Distribution of vehicles involved in the 228 road traffic deaths occurred in Campania (Italy)
from 2013 to 2022, the position of the victims, and positive toxicological results.

Occupants. No. of Victims Vehicle (No) No. of Positive Victims Vehicle
Car (54) Car (28)
Motorcycle (79) Motorcycle (39)
Drivers 154 Bus (1) 74 Bus (1)
Bicycle (18) Bicycle (5)
Truck (2) Truck (1)
Car (11) Car (6)
Passengers 15 Motorcycle (4) 8 Motorcycle (2)
. Hit by car (52) Hit by car (20)
Pedestrians 55 Hit by train (3) 21 Hit by train (1)
Unknown 4 3
Total 228 106

Cars and motorcycles (89.6%) were also involved in most of the 106 positive victims.
Bicycles, trucks, and trains were counted in only 8 out of the 106 positive cases. A total
of 74 out of 106 positive victims (69.8%) were drivers, mostly driving motorcycles (39 in
total), followed by cars (28 out of 106; 26.4%), and bicycles (five victims). Only eight victims
were passengers and were 21 pedestrians, mostly struck by cars. Circumstantial data were
unavailable in three cases.

Most of the 228 victims died by multiple injuries to the whole body (177 out of 228;
77.6%), followed by 38 cases of thoraco-abdominal injuries (16.7%), hemorrhagic shock
and head/neck injuries (four cases; 1.7%). One single human body was burnt to death.
Most victims died quickly after the crashes (175 out of 228; 76.7%), whilst 39 victims were
hospitalized for few hours (17.1%), and few days before death in only 10 cases (4.4%).
Time and cause of death were not assessed in four cases. Among the 106 positive victims,
multiple injuries to the whole body were the leading cause of death (82 out of 106 cases;
77.3%), followed by thoraco-abdominal injuries (18 out of 106 cases; 17%), hemorrhagic
shock, and head /neck injuries. Most positive victims died quickly after the crash impact
(81 out of 106; 76.4%), while 17 victims died in the hospital after few hours (16%).

3.2. Toxicological Results: Summary and Further Details

Toxicological analyses were positive just under half of the entire study sample: 106
out of 228 cases (46.5%). These positive cases were mostly detected in July (18 out of 106;
17.0%), followed by August (15 out of 106; 14.1%), September (10 out of 106; 9.4%), and
on weekend nights (21 out of 106, 19.8%). In total, 18 out of 106 accidents occurred in
December and January (16.9%). As regards the 74 DUI/DUID cases, July (14 out of 74; 19%)
and August (13 out of 74; 18%) were the most represented months. Figure 3 shows the
distribution of the 74 DUI/DUIDs throughout the months.
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Figure 3. Distribution of the 74 DUI/DUID cases throughout the months.

Positive toxicological results occurred mostly in victims aged between 40 and
49 years old (30 out of 106; 28.3%), and males were involved in almost all cases (103 victims;
97.1%). Positive toxicological analyses were reported in three female victims only (2.9%), as
shown in Table 1. Cars and motorcycles were involved in most of the 106 positive victims
(95 cases in total; 89.6%). A total of 74 out of 106 positive victims (69.8%) were drivers,
mostly driving motorcycles (39 in total), followed by cars (28 out of 106; 26.4%) and bicycles
(5 victims). Therefore, DUI and/or DUID cases were approximately one third of the entire
sample study (74 out of 228 fatal traffic deaths). Among the 106 positives, eight victims
were passengers and 21 pedestrians, mostly struck by cars, as summarized in Table 2.

The distribution of alcohol and drugs among the 106 victims is shown in Figure 4.
Most victims tested positive for alcohol (66 out 106, 62.3%), alone or in association with
drugs. Alcohol was the only substance detected in 39 victims (36.8%), and it was associated
with licit/illicit drugs in 27 victims (25.5%). Licit/illicit drugs alone were positive in
40 out of 106 cases (37.7%), among which 28 victims tested positive for one single drug and
12 individuals tested positive for more than one drug.
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Figure 4. Distribution of ethanol (Et-OH), licit/illicit drugs among 228 traffic-related deaths occurred
in Campania (Italy) over the ten-year study period, from 2013 to 2022.
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Most of the 66 victims positive for alcohol, both alone and in association with licit/illicit
drugs, showed a BAC > 1.5 g/L. Table 3 shows the BAC levels detected among the
66 victims positive for ethanol (Et-OH). In one case, the BAC < 0.5 g/L was considered over
the legal limit because the victim was a 26-year-old new driver with license for less than
three years. Among these 66 victims, alcohol was detected significantly more frequently in
samples from subjects younger than 50 years of age than older (p = 0.001).

Table 3. Distribution of the BAC levels among cases positive for ethanol (Et-OH).

BAC Range Positive Only for Et-OH Positive for Et-OH and Drugs
g/L No (%) No (%)
<0.5 1(2.6) 13.7)
0.51-0.8 1(2.6) 1(3.7)
0.81-1.5 9(23.0) 12 (44.4)
>1.5 28 (71.8) 13 (48.2)
Total 66 39 27

Toxicological analysis to detect licit/illicit drugs reported positive results in 67 victims
out of 106 (63.2%), among which were 27 cases in association with alcohol; 28 victims
tested positive for one single drug, and 12 cases tested positive for multiple drugs alone.
Cocaine was involved in 30 out of 67 positive cases for drugs (44.7%), followed by trans-
A9—tetrahydrocannabinol (A°THC) in 22 victims, benzodiazepines (BDZ) in 16 cases, and
other pharmaceuticals. Among the victims who tested positive for one single drug, BDZs
were the drugs mostly involved in eight cases, followed by A°THC in seven victims,
other pharmaceuticals, and cocaine (six cases each). Only one subject tested positive for
morphine alone. Significant differences of age were also observed among these 67 victims:
licit/illicit drugs were more frequently found in samples from subjects below 50 years of
age, compared to those over 50 (p = 0.001).

Alcohol and drugs in association were detected in 27 out of 106 positive cases (25.5%).
In this group of 27 victims, cocaine was the most common drug (18 out of 27; 66.7%),
followed by A°THC (11 out of 27; 40.7%) and BDZ (4 out of 27). Polydrug intake was
observed in 21 cases (19.8%), among which nine were in association with alcohol and
12 cases without alcohol. Cocaine with A°THC (8 out of 21 cases) was the most encountered
combination of polydrug intake. Figure 5 shows the distribution of drugs among the
12 victims with poly-drugs intake and the 27 victims positive to alcohol and drugs together.

Poly-drugs (12) Et-OH + drugs (27)
Cocaine + A9THC (2)
Cocaine + Morphine (2) Single drug (18) Poly-drugs (9)
Pharmaceuticals [BDZ+other medicinal drug] (2)
Mor?:?;:i(i ;’lhl:f':nh::eounﬁi(all)s (1) Cocaine (10) Cocaine + A9THC (6)
Cocaine + Pharmaceuticals (1) A9THC (5) Cocaine + BDZ (1)
Cocaine + A9THC + BDZ () BDZ(M) | Cocaine + Methadone + BDZ (1)
Pharmaceuticals [opioids + SNRI + BDZ] (1) Morphine (1) | Methadone + Morphine + BDZ (1)
Morphine + Methadone + Pharmaceuticals (1) Methadone (1)

() (b)

Figure 5. The distribution of drugs among (a) the 12 victims with poly-drugs intake, and (b) the
27 victims positive to alcohol and drugs together.
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The 74 positive drivers were almost equally distributed among victims tested positive
for alcohol (DUI) and/or for drugs (DUID). In total, 26 drivers out of 74 (35.1%) took
only licit/illicit drugs and 25 (33.8%) tested positive only for alcohol alone (DUI). The
association of alcohol and licit/illicit drugs was just a little bit less common (23 out of 74;
31.1%). Among the 74 DUI/DUID cases, 48 victims were positive for Et-OH with and
without drugs (64.8%). Most of these victims (28 out of 48; 58.3%) showed very high BAC
levels, from >1.5 g/L up to 3.7 g/L. Among the 74 DUI/DUID cases, 49 drivers (66.2%)
were positive for both licit/illicit drugs, with and without alcohol. Polydrugs were detected
in 15 cases (30.6%), and cocaine with A’THC was the most common combination (4 out
of 15; 26.7%). A total of 34 out of 49 DUID cases (69.4%) tested positive for a single drug,
among which cocaine (16 out of 34; 47.0%) and A°THC (9 out of 34; 26.5%) were also
the most involved. In total, 7 out of 34 drivers (20.6%) tested positive to BDZ and other
pharmaceuticals alone. Among the three positive female victims, no drivers were found,
and no illicit drug intake was observed.

HS/GC- FID and GC/MS Chromatograms for BAC and cocaine detection in urine
samples, respectively, are provided in Figure 6.
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Figure 6. (a) Gas head-space chromatogram coupled with a flame ionization detector (HS/GC-
FID) with isobutyl alcohol as the internal standard for blood alcohol concentration (BAC); (b) gas
chromatograms coupled with mass spectrometry (GC/MS) performed in SIM mode for cocaine and
metabolites detection in urine samples.

4. Discussion

There is a growing concern about the correlation between DUI and DUID cases and
road traffic accidents [32-34]. Driving is a complex task that requires a coordinated array of
sensory, cognitive, and motor control components [35]. Alcohol and/or drug impairment
occurs in a reduction of all those drivers’ abilities. [36,37]. The driving impairment begins
already at BAC as low as 0.5 g/L, but more severe effects can occur at greater BACs [38].
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Recent studies have found similarities in the drive impairment induced by illicit drugs
intake and high levels of BAC [39,40].

Our results show an increase in the number of deaths due to road traffic accidents
involving alcohol and/or drug consumption over the years, despite the severe penalties for
DUI and DUID introduced by Italian Law 41/2016. Although in 2022, only seven victims
positive to alcohol and drugs were counted, a relevant increase in both road traffic fatalities
and deaths positive to alcohol and drugs was counted since 2017. A decrease in road
accidents and road-related deaths was observed in 2020, compared to 2019 and 2021, only
due to the impact of lockdown measures adopted during the COVID-19 pandemic and the
restrictions in mobility [24,41]. It is worth mentioning that half of the 2020 positive cases
(8 out of 16) were drivers under the influence of both alcohol and illicit drugs in combination,
ignoring COVID restrictions. The general trend reported in our study sample is not in
agreement with the European trend of drink-driving deaths. Based on the 2022 ETSC
report [24], road deaths attributed to alcohol decreased by 37% between 2011 and 2021.
Unfortunately, no official data are available in Italy dealing with the number of alcohol-
related road deaths, and they were not reported in the 2022 ETSC report. Despite the lack
of official data on road fatalities related to alcohol and/or licit/illicit drug consumption,
based on the last ISTAT report [26], in Italy, a total amount of 52.459 road crashes with
injuries occurred in 2021, among which those related to alcohol and licit/illicit drug were
9.7% and 3.2%, showing an increase compared to previous years. The rising Italian trend
can be related to the approval of the Law 41/2016 for drunk driving prevention. After
2016, severe penalties for DUI and DUID were introduced and, in opposition to previous
years, standard toxicological analysis started to be routinely performed on every injured
and dead victim of road-traffic accidents, as recommended by law.

In our survey, 106 positive victims out of 228 road-related fatalities in total were
counted. This means that toxicological analyses were positive just under half (46.5%) of
the entire sample size. In this study sample, a remarkably gender gap was observed as
represented by 103 males (97.1%) and only three females (2.9%).

The very low number of women involved in accidents can be referred to the fact that,
according to other studies [42], women are more compliant to traffic rules and engage less
in risk behaviors. They report fewer traffic violations, and are less likely involved in car
accidents. Also, according to previous studies [43—45], males are the predominant gender
in road fatalities and in most of the DUI and DUID cases, and the drivers killed in road
traffic accidents were younger than 30 years old.

In a study conducted in Mexico, most of the victims were in between 30 and 49 years
of age [46]. In our survey, 55 out of 228 victims (24.1%) were aged between 19 and 29 years
old, in line with the last National Road Safety Report [47]. However, among the 106 victims
under the influence of alcohol or drugs, most of the individuals were older than 40 years,
in the age group of 40-49 years (28.3%). Data analysis also showed statistically significant
differences between victims below 50 years of age and positive tests for alcohol and drugs
only, compared to those over 50 (p = 0.001).

The 2022 ETSC report shows that most of the road fatalities occur during weekends [24].
This is consistent with our survey. Most of the road accidents, as well as most of the
road-related deaths, were counted during the weekends in summer months, from July
to September. This is a period where most Italian people take holidays driving by car or
motorcycles around the local territories. No increase in the number of fatal crashes was
observed during the Christmas holidays, compared to other months of the year.

In our study sample, 74 out of 106 positive victims (69.8%) were drivers, mostly
driving motorcycles (39 in total), followed by cars (28 out of 106; 26.4%) and bicycles
(5 victims). Therefore, DUI and/or DUID cases were approximately one third of the
entire sample study (74 out of 228 road-related deaths). This is a very high percentage
compared to the total amount of road accidents suspected of DUI or DUID. In Europe
and in the USA, DUI and DUID cases represent approximately 34% and 31% of all road
deaths, respectively [23,24,45,48-50]. Among the other positive victims, 21 pedestrians
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were also counted, mostly struck by cars. According to the 2018 WHO report, all these
victims can be considered the most “vulnerable road users” in which, besides the lack
of specific infrastructure features ensuring road safety, the effects of alcohol and drugs
certainly increased the risk of their vulnerability [20]. According to our data, 10 out 21
pedestrians tested positive for alcohol, with a minimum BAC of 0.8 up to 3.6; 9 out of
11 drug-positive pedestrians had been taking THC and/or other licit drugs with Central
Nervous System (SNC) depressant action. Therefore, an awareness impairment of all the
positive pedestrians could be assumed.

In our survey, alcohol was found in concentrations above the current legal limits
(>0.5 g/L) in 60.4% of road victims (64 out of 106 positives for Et-OH), among which most
of them (62.1%) had a BAC > 1.5 g/dL. Costa et al. (2012) also reported very high BAC
levels in 54.1% of road fatalities [51]. In another report, BAC levels above the legal limit,
and mostly >1.5 g/L, which were detected in 71.2% of the sample [19]. Wundersitz et al.
(2017) reported that 34% of drivers had an illegal BAC [52]. In our study, most of the drivers
positive for Et-OH, with and without drugs, (28 out of 48; 58.3%) showed very high BAC
levels from >1.5g/L up to 3.7 g/L.

Toxicological analysis to detect licit/illicit drugs were positive in 67 victims out of
106 (63.2%), among which 27 cases in association with alcohol; 28 tested positive for one
single drug, and 12 cases tested positive to multiple drugs alone. Cocaine was involved
in 30 out of 67 positive cases for drugs (44.7%), followed by A°THC in 22 victims, BDZ in
16 cases, and other pharmaceuticals. According to previous studies, cocaine and A°THC
were the drugs most involved in road-related fatalities [44,45].

Cocaine was the most prevalent illicit drug found among victims of fatal road crashes,
followed by A°THC. Our results are in agreement with the results provided by other na-
tional [19] and international studies [49,50]. In this regard, it is well known that these drugs
can increase the risk of road crashes from one- to threefold [53-55]. Cocaine induces driving
impairment by causing tremors, fatigue, and poor concentration [56]. Impaired motor
coordination and reaction time interfering with driving ability have also been reported as
adverse health effects of cannabis. However, the relationship between THC concentrations
and driving impairment seems more complex to establish, since blood concentrations and
their effects do not appear to follow a linear relationship [57,58]. Thus, the presence of THC
in blood or oral samples does not necessarily translate into impairment [2,45]. After all, an
elevated risk for traffic safety is usually associated with DUI or DUID when CNS depressant
drugs like alcohol and THC are involved [48,52,59-66]. Changes in pupillary function have
been studied to evaluate the effects of cannabis on the ability to drive [2,67-76].

In our report, no amphetamines or their main metabolites were detected in any of
the 67 victims positive for drugs. This does not seem in agreement with the alarming
escalation in the amphetamine abuse reported by other studies [45,77,78]. In this regard,
a warning sign comes from the high number of polydrug users detected (21 out of 106
positive fatalities; 19.8%). The driving impairment caused by the association of more
drugs has been widely reported in the literature [2-6,40]. These data lead to important
considerations on how to measure the driver impairment caused by the synergic effects of
poly-assumption, since the current cut off-legislation is based on the impairing effect of a
single (licit) drug. Perhaps a lower cut-off should be adopted when poly-assumption is
involved, especially if drugs are detected in combination with alcohol [59].

The correlation between BAC levels and driving impairment has led many countries,
like Italy, to adopt BAC threshold limits for penal sanctions. Although the abuse of illegal
drugs and certain prescription medications is linked to the loss of driving ability and to an
increase in road traffic crashes and deaths [79], establishing cutoff values for some illicit
drugs is still a challenge [80]. For example, THC concentrations of 7-10 ng/mL in serum
are thought to evoke comparable impairment to a BAC of 0.5 g/kg, which is the legal limit
in most European countries [68]. In most countries, having a positive test for illicit drugs
implies a crime and a penalty. In this regard, Italy, France, Germany, and Poland adopt
a zero-tolerance approach [81]. In other countries, like Sweden, drivers are prosecuted
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when drug levels are above the maximum threshold of the therapeutic range, and when
the driver is impaired and/or cannot show a regular prescription. [59,81-83].

However, a comparison between countries on road deaths attributed to alcohol or
drugs is a complex task, given the noticeable differences in terms of legislation.

5. Conclusions

Despite severe penalties having been adopted by many countries as an important
strategy to improve road safety, road crashes remain the eighth leading cause of death
for all age groups, and the leading cause of death for children and young adults aged
5-29 years [20]. According to these data, legal sanctions in DUI and DUID cases seem to
have a poor impact, at least in our territory. Although the main limitation of the study
is represented by the sample size, our results show that alcohol and/or drugs can be
considered significant contributing factors that increase the lethal risk of road accidents. A
multidisciplinary approach, involving educational and preventive strategies, should be
promoted and improved. The use of questionnaires about drinking habits and driving
impairment has been proposed, as the involvement of alcohol industry in commercial spots
about driving impairment [21].
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