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ABSTRACT 

Introduction: alcohol and cocaine are frequently used together; this co-abuse compromises the physical and mental 
requirements included in the assessment of fitness to drive. The assessment for the issuing of the certificate of fitness 
to drive is released by Local Medical Commissions after clinical examination and toxicological analysis. The aim of this 
paper is to estimate the prevalence of cocaine use among drunk-drivers during a specific driving regranting protocol, 
in order to assess the usefulness of the inclusion of cocaine metabolites in hair analysis in this category of subjects.
Methods: according to the toxicological protocol at the Regional Reference toxicological laboratory of the “Liguria 
Levante” in Sarzana (La Spezia) at San Bartolomeo Hospital, in addition to the quantification of carbohydrate-deficient 
transferrin (CDT) in serum by HPLC and Ethylglucuronide (ETG) in keratin matrix, also cocaine and its metabolites, 
especially Coca-ethylene (CE) has been tested in hair by LC-MS/MS. The protocol has been applied on biological 
samples collected from 2 215 drunk-drivers. 
Results: the 6.6% of the 2 215 hair samples analyzed were classified as non-moderate alcohol users (ETG >30 pg/mg). 
Among these 0.1% were cocaine users and 0.9% consumed together alcohol and cocaine, as highlighted by the 
presence of CE. Out of the 94.4% of the 2 215 hair samples with ETG <30 pg/mg, 3.9% and 6.1% were positive for 
cocaine, and CE respectively.
Conclusion: This study demonstrates the importance of toxicological analysis of drugs of abuse in hair and the need to 
include the analysis in specific protocols for driving regranting, such as the one here adopted. 
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INTRODUCTION

Alcohol and cocaine are frequently used together (1). 
The use of both cocaine and alcohol has been reported in 
clinical samples from substance abusers in the US (2-4), 
in the UK (5), as well in other countries (6). Use of alcohol 
and cocaine has been reported in the general population 
(7) and among specific subjects such as those attending 
dance music events (8). Animal studies have also found 
a relationship between the self-administration of alcohol 
and cocaine (9).

The combination of alcohol and cocaine is popular 
among drug users, perhaps because of more intense 
feelings of “high” beyond that perceived with either drug 
alone, less intense feelings of alcohol-induced inebriation 

and tempering of discomfort when coming down from a 
cocaine “high”.

Cocaine consistently antagonizes the learning 
deficits, psychomotor performance deficits and driving 
deficits induced by alcohol. The combination of alcohol 
and cocaine tends to have greater-than-additive effects 
on heart rate, concomitant with up to 30% increased 
blood cocaine levels. Both prospective and retrospective 
data further reveal that co-use leads to the formation of 
cocaethylene (CE), which may potentiate the cardiotoxic 
effects of cocaine or alcohol alone. More importantly, 
retrospective data suggest that the combination can 
potentiate the tendency towards violent thoughts 
and threats, which may lead to an increase of violent 
behaviors (10).
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The Italian Traffic Code includes a specific article 
(article 119) to establish the “Physical and psychic 
requirements for the driving license” (11). The assessment 
for the issuing of the certificate of fitness to drive is 
released by Local Medical Commissions after clinical 
examination and toxicological analysis.  

In most European countries, the procedures for 
driving license re-issuing to drivers convicted for 
driving under the influence of alcohol (drunk-drivers) 
are generally based on the assessment of alcohol 
use, utilising the determination  of indirect biomarkers 
such as carbohydrate-deficient transferrin (CDT), 
gamma-glutamyltransferase (GGT), aspartate/alanine 
aminotransferase (AST/ALT), mean corpuscular volume 
(MCV) and/or direct biomarkers (ethanol metabolites) in 
blood, urine and/or hair samples (12-15).The presence 
of an underlying simultaneous use of illicit drugs in  
drunk-drivers is thus not always investigated (16,17).

The aim of this study is to estimate the prevalence 
of drug use in a northwest Italian population of  
drunk-drivers, performed during the driving license 
regranting process, in order to verify the usefulness of 
the inclusion of toxicology tests on hair samples in the 
regranting  protocol of drunk-drivers.

METHODS

The retrospective study was conducted on  
2 215 drunk-drivers examined by the Local Medical 
Commission of North-West Tuscany from 2017-2019 
using a protocol that included the quantification of  
Ethyl-glucuronide (ETG) and Cocaine and its metabolites 
(CE) on keratin matrix and CDT on serum samples.
The analysis were performed at the Regional Reference 
Toxicological Laboratory of the “LiguriaLevante” located 
in Sarzana (La Spezia) at San Bartolomeo Hospital.
The quantification of ETG and Cocaine on keratin matrix 
was performed by liquid chromatography associated with 
tandem mass spectrometry (Agilent infinity 1260 QQQ 
6470 LC/MS-MS) while CDT was evaluated by High 
Pressure Liquid Chromatography (HPLC Thermofisher 
Ultimate 3000).

Keratin matrix sampling was obtained on 3-6 cm 
hair segments taken from the neck area; alternatively 
the chest hair or limbs were sampled according to the 
indications of the Society of Hair Testing Consensus  
(SOHT, 2019) (18,19).

For the reporting of the obtained values, the  
cut-offs suggested by the guidelines of the Italian Istituto 
Superiore di Sanità (ISS) (20,21), forensic toxicologists 
(22,23) and SOHT were adopted. 

RESULTS

A total of 2 215 samples of drunk-drivers were 
examined; Table 1 summarizes the number of examined 
samples according to the results obtained for tested 
analytes.

4.6% show excessive alcohol consumption 
(ETG >30 pg/mg) and among these 1% are also cocaine 

users. 84.3% of the samples show an ETG value <30 pg/mg 
(moderate consumption of alcohol or astems), but, 10% 
of these subjects are cocaine consumers (Figure 1). 
In particular, among cocaine users (total 11.0%), the 
presence of the active metabolite cocaethylene (CE), an 
indicator of concomitant alcohol consumption, is found in 
7% of samples (Figure 2).

Furthermore, the data of cocaine users among drunk-
drivers is confirmed over the years, around 10%  (Figure 3).

DISCUSSION 

Overconsumption of alcohol and impaired driving 
represent a major public health issue worldwide, and 
alcohol is the most prevalent psychoactive substance 
found in the driving population, with a great variation 
between different countries (highest prevalence in the 
southern and western countries of Europe) (24-26). 
In 1995, the International Council on Alcohol, Drugs & 
Traffic Safety proposed a protocol for the regranting of 
driving license in drunk-drivers, providing an accurate 
methodology based on medical examination and alcohol-
specific biomarkers determination  for the detection 
of alcohol abuse. Up to now, the regranting procedure 
has not been revised at international level, and the 
phenomenon of polydrug use is not diffusely included 
in the protocols of driving license regranting process on 
drunk-drivers. Presently, in the majority of the European 
countries, after the period of the driving license retrieval, 
drunk-drivers undergo alcohol use investigation, while the 
toxicological analysis on hair and urine is systematically 
performed only on subjects convicted for driving under 
the influence of drugs.

It is well known that hair analysis, providing information 
on long-term use of illicit drugs, allows the identification 
of drug use on a greater number of subjects than urine 
analysis does and may thus represent a better tool to 
check for drug abstinence as required by the law (27,28). 

Compared to other matrixes and keratinized 
materials, the most important advantage of hair analysis 
is the possibility for retrospective monitoring of an 
accurate specific time period (29), which could be well 
defined through the hair growth rate/cycle (in forensic 
investigations an average value of 1 cm/month is 

Table 1
Number of positive and negative samples 

N ETG+ 
COCA-

ETG- 
COCA-

ETG+
COCA +
CE-

ETG- 
COCA+ 
CE-

ETG+ 
COCA+ 
CE+

ETG- 
COCA+
CE+

2017 674 27 571 1 16 8 51
2018 748 37 622 1 33 8 47
2019 793 38 675 1 38 3 38

Total 2  215 102 1 868 3 87 19 136
%   4.6 84.3 0.1 3.9 0.8 6.1

ETG+, positive to Ethyl-glucuronide (>30 pg/mg); COCA-, 
negative to Cocaine; ETG-, negative to Ethyl-glucuronide (<30 pg/
mg); COCA+,positive to Cocaine; CE+, positive to Cocaethylene; 
CE-, negative to Cocaethylene.
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commonly applied). Therefore, a time-selecting filter 
can be set with the investigation of a hair specimen of a 
certain length, which defines the monitoring time frame, 
according to the purpose of forensic investigation.

Hair analysis is widely accepted and applied in 
different fields (i.e drug fatalities, workplace drug 
testing, drug-facilitated crimes). The main goal of these 
applications is the long-term monitoring of misuse of 
drugs, pharmaceuticals and alcohol or the documentation 
of the subject’s abstinence (30).

A particular picture emerged from our study, illustrating  
how in the population of subjects monitored by the Legal 
Medical Commissions from year 2017 to 2019 for driving 
under the influence of alcohol, as many as 11% are also 
cocaine users.

Moreover, the highest percentage of cocaine users 
can be found into the moderate drinker category with an 
ETG value <30 pg/mg; this result is rather important for 
the driving license regranting program.

The data obtained confirm that the toxicological 
screening in drunk subjects is mandatory in this category 
of subjects.

CONCLUSION

The present study proves that the increasing 
phenomenon of drug use should be taken into 
consideration in the population of drunk-drivers license 
regranting program.

Concurrent abuse of alcohol and cocaine represents 
a dangerous psycho-behavioral pattern, with a high 
frequency in the studied population. The absence of 
a toxicological analysis in hair could compromise the 
preventive efficacy of the regranting system itself. 

The results of hair testing in large population groups 
could indicate that exposure to drugs or xenobiotics 
should be investigated in epidemiological studies (31) 
and reveal new trends in drug markets. Therefore, the 
objective of applying these forensic or clinical tests could 
be profitably used, as predicted by Baumgartner MR  
(30), to determine a positive impact in the behavior of 
drivers. 

In the future, in order to identify the underlying 
patterns of substance use in drunk-drivers, assessment 
procedures could and should be improved, with the aim 
to maximize specificity and efficacy of prevention and 
treatment approaches.

A commission has been recently set up at the Italian 
Ministry of Health in collaboration with the main scientific 
societies in field. In December 2021 the document 
“Guidelines for the assessment of the eligibility to drive in 
subjects with the use/abuse of alcoholic beverages”, has 
been issued (32);  it provides on the matter that could be 
used presently by national institutions and translated into 
legal regulations in the future. 
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Figure 1 
Percentanges of positive and negative samples to alcohol 
and cocaine 

ETG+, positive to Ethyl-glucuronide (>30 pg/mg);  
ETG-, negative to Ethyl-glucuronide (<30 pg /mg); COCA+, 
positive to cocaine; COCA-, negative to cocaine.

Figure 2 
Percentanges of positive and negative samples to 
Cocaethylene

ETG+, Ethyl-glucuronide >30 pg/mg; ETG-, Ethyl-glucuronide 
<30 pg/mg; COCA+, positive to cocaine; COCA-, negative 
to cocaine; CE+, positive to cocaethylene; CE-, negative to 
cocaethylene. 

Figure 3 
Summary of the cocaine positive samples during the years

ETG+, Ethyl-glucuronide >30 pg/mg; ETG-,  
Ethyl-glucuronide <30 pg/mg; COCA+, positive to cocaine; 
COCA-, negative to cocaine.
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