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ABSTRACT

The burden of injuries due to drunk drivers has been estimated only indirectly. Indeed, alcohol is considered one of the most
important contributing cause of car crash injuries and its effect on cognitive functions needs to be better elucidated. Aims of
the study were i) to examine the effect of alcohol on attentive abilities involved while driving, and ii) to investigate whether
Italian law limits for safe driving are sufficiently accurate to prevent risky behaviours and car crash risk while driving.
We conducted a cross-over study at IRCCS Fondazione Santa Lucia Rehabilitation Hospital in Rome. Thirty-two healthy
subjects were enrolled in this experiment. Participants were submitted to an attentive test battery assessing attention before
taking Ethylic Alcohol (EA-) and after taking EA (EA+). In the EA+ condition subjects drank enough wine until the blood
alcohol concentration, measured by means of Breath Analyzer, was equal to or higher than 0,5 g/l. Data analysis revealed
that after alcohol assumption, tonic and phasic alertness, selective, divided attention and vigilance were significantly
impaired when BAC level was at least 0.5 g/l. These data reveal that alcohol has a negative effect on attentive functions
which are primarily involved in driving skills and that Italian law limits are adequate to prevent risky driving behaviour.

Key words
Ethylic alcohol * Attentive functions * Driving skills * Public safety

Infroduction

The impact of car crash injuries on public health is a
fundamental issue and its burden growing worldwide
(Murray and Lopez, 1997). Indeed, alcohol is recog-
nized as one major factor of driving impairment and
car crash injuries (Salim et al., 2009; Talving et al.,
2010; Freydier et al. 2014). To reduce alcohol-related
accidents and/or injuries, many jurisdictions adopt a
legal definition of intoxications based on blood alcohol
concentration (BAC) and punish drivers when driving
with BAC levels above this limit. The most common
and dangerous consequences of alcohol consumption
are poor awareness of personal psychological and
physical conditions, and lack of awareness of the
consequences of one’s own behaviour. Furthermore,

decreased visual-perceptive ability, reduced reaction
time or lack of attention and concentration, poor
motor coordination and sleepiness may increase the
car crash risk when driving after alcohol drinking.
Furthermore sleepiness and alcohol consumption
have a combined effect, even low alcohol intake can
seriously impair simulated driving performance and
risk perception when it is associated with sleepiness
(Vakulin et al. 2007). Therefore, alcohol consump-
tion significantly impairs driving performance. The
residual effects of recent moderate alcohol consump-
tion (“hangover”) on behaviour are still poorly under-
stood (Finningan et al., 2005). Substantially, although
hangover may impair task performance, research data
are not sufficient to clarify whether hangover actually
impairs more complex mental tasks.
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Alcohol produces deficits of many cognitive func-
tions, including executive and motor control processes,
which are involved during driving (Montgomery et al.,
2012). Some authors (Van Hom et al., 2006) indicated
that alcohol selectively suppresses cognitive activity in
frontal and posterior parietal brain regions, known to
contribute in making inner cognitive models of motor
representation and action. Severe chronic use of alcohol
has been consistently associated with stable neuropsy-
chological impairments (Loeber et al., 2009), namely in
cognitive flexibility, problem solving, decision making,
risky behaviour and others (Bechara et al., 2001; Fein et
al., 2004; Davies et al., 2005; Noél et al., 2007; Glass et
al., 2009; Bernardin et al. 2014). In particular, Glass and
coll. (2009) found a clear relationship between alcohol-
ism and a broad range of executive function deficits, as
well as with behavioural disinhibition.

Loeber et al. (2009) studied the effects of repeated
withdrawals [defined as the number of 24-h periods
of abstinence following a drinking day in the last
year) (Glenn et al., 1988)] on cognitive impairment.
The authors found that Executive Functions were
affected earlier in alcohol abstinence and recov-
ered after longer abstinence; therefore, early age
of alcohol drinking or alcohol dependence might
increase the frontal lobe susceptibility to the damag-
ing effects of repeated detoxifications (Loeber et al.,
2009).

Data regarding neuropsychological parameters in
habitual consumers of moderate amounts of etha-
nol are still controversial. Indeed, the real effect of
alcohol consumption on specific cognitive abilities,
such as several attentive sub-components mainly
involved during driving or operating heavy machin-
eries, need to be studied (Dry et al., 2012).

Aims of the present study were i) to examine the
direct effect of alcohol on attentive functions, nor-
mally involved during driving vehicles, and ii) to
investigate whether EA blood level lower than 0.5
g/l are sufficiently accurate limits to prevent risky
behaviours and car crash risk while driving.

Methods

Ethical approval

The study was approved by the local Ethical
Committee. All procedures were in compliance
with the World Medical Association Declaration of

Helsinki. Participants gave informed consent and
were free to withdraw from the study at any time.

Participants

Thirty-two healthy light drinkers, classified accord-
ing to the National Health and Medical Research
Council guidelines (NHMRC; 2001) (up to 14
standard drinks per week for men and 7 per week
for women) voluntarily participated to a popula-
tion-based case control-study conducted at IRCCS
Fondazione Santal.ucia Rehabilitation Hospital in
Rome, from January to December 2009. Participants
(16 men and 16 women) were all Caucasian with a
mean age of 30.9 years, SD = 8.3 and a mean edu-
cational level of 16.5 years, SD = 2.2). Only sub-
jects with body weight within £20% of the normal
range according to gender and height and with body
mass index (BMI) below 28 kg/m2 were enrolled.
Subjects were all native Italian language for better
compliance to the study and mild caffeine (<5 cups/
day) and cigarette (<10 cigarettes/day) consumers in
order to avoid any symptom due to abstinence dur-
ing the experimental session.

Exclusion criteria were a history of mental retarda-
tion, learning disability, psychiatric or neurological
disorders, substance abuse or systemic diseases that
might affect the central nervous system, such as arte-
rial hypertension, diabetes mellitus, cardiac, renal
and/or hepatic failure, congenital or acquired brain
damage, and past or present alcohol or drug depen-
dence (American Psychiatric Association, 1994).

Procedure

Each participant was randomly assigned to one of
the following two groups: one group was submit-
ted to a neuropsychological test battery assessing
several attentive functions (i.e. tonic and phasic
alertness, selective, divided attention and vigilance),
before assuming Ethylic Alcohol (EA-) and, in a
separate session, after taking EA (EA+); the second
group was first submitted to the neuropsychological
assessment after assuming EA (EA+) and, in a sepa-
rate session, without EA (EA-) in blood.

In detail, in the EA- condition, the subjects’ BAC
level, measured with breath analyser, was equal to
0 g/l; in the EA+ condition, subjects drank enough
white wine until the BAC level was at least 0.5 g/I1.
Participants were tested individually on separate
days and sessions, to avoid a combined alcohol/
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learning effect. Each session lasted 1 hour and half
maximum. Tests sessions were hold in a quiet and
comfortable room.

Aftention fasks

Test battery for Attentional Performance [(TAP);
Zimmermann and Fimm, 1993]

This computerized battery is commonly used to
assess different levels of attention, such as fonic and
phasic alertness, and vigilance, which are known
as intensive components of attention, and selective
or divided attention, which constitute the selec-
tive components of attention (Van Zomeren and
Brouwer, 1994).

Four different tasks were administered: Alertness
(Tonic and Phasic alertness), Vigilance (optical vigi-
lance), Go/No-go and Divided Attention (visual and
acoustic modalities).

Subjects were instructed to respond to target by
pressing the response key as quickly as possible.
False alarms and missed answers were recorded as
well as reaction time.

During each task, participants placed their arms on
an arm rest and held their hand-thumb connected to
a 5 cm x 5 cm response key. The presentation order
of the different tasks was given randomly to control
a bias due to the presentation effect.

Alcohol measurement and alcoholic sub-
stance utilized

A Drdger Alcotest 6510 was used for quick and
accurate breath alcohol analysis.

An Italian white wine (“Verdicchio”, 13% vol.) was
administered to all subjects, assumed on a full stom-
ach in quantity sufficient to reach the BAC of 0.5
g/l minimum, at the beginning of the EA+ session.

Datfa Analysis

In order to avoid any bias due to BAC lowering dur-
ing testing, the different tests were randomly admin-
istered to the different subjects, and the BAC level
was measured at the beginning of every subtest.
Data were analyzed on dependent samples, compar-
ing all subjects in the EA- versus the EA+ condi-
tions.

Wilcoxon matched paired test was used to examine
changes in variables of interest. For all analyses,
SPSS for Windows (Statistical Package of the Social
Science, 15.0.) was used.

Results

All subjects completed the experimental design.
Neither gender nor age did affect significantly the
performance in any of the cognitive functions tested.
Most of the evaluated cognitive functions were
sensitive to alcohol level. In fact, the comparison
between EA- and EA+ conditions shows significant
differences in all the Alertness sub-tests (total, tonic
and phasic), in the RT of the Vigilance test and of
the Go-NoGo test (p<0.05 in all cases), as well as in
both the sub-components of the Divided Attention
test (RT; p<0.001) and omitted stimuli (p<0.05). Only
the accuracy in the vigilance test (false responses
and omitted stimuli), and in the selective attention
test (false responses) was not impaired (p = 0.83, p
=0.56 and p = 0.21, respectively).

Table I summarizes the results in both conditions
(EA+ vs EA-) for all tests.

Discussion

This work specifically aimed i) to examine the direct
effect of alcohol on specific attentive functions, nor-
mally involved during driving and operating heavy
machineries; and ii) to verify whether the Italian law
limits for safe driving (EA blood level lower than
0.5 grams per liter) are sufficient to reduce the risk
of car accidents.

As shown in Table I, our data revealed that sev-
eral attentive components (fonic and phasic alert-
ness, selective, divided attention and vigilance) are
severely impaired at the BAC levels fixed by the
Italian law.

Although BAC levels analyzed in the present study
did not affect the accuracy in selecting the target
stimuli during tasks testing vigilance and selective
attention after alcohol intake, a statistically signifi-
cant worsening of RT was observed, which might
indicate the negative influence of the alcohol in both
these attentive components as a whole. The impair-
ment in RT found in our study is in line with previ-
ous reports which showed that rising BAC levels
can impair response tasks of selective attention and
visual search (Abroms and Fillmore, 2004; Fillmore
and Vogel-Sprott, 2000). Other authors (Peterson
et al., 1990) failed to find any increase in RT after
alcohol consumption, probably due to the different
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Table |.- Changes in affention and executive functions after alcohol assumption (EA level > 0.5 g/I).
EA condition
Comparison between
Pre-(c;l:;hol POSE-E(?AI?-())hOI pre-post EA taking*
EA
Mean SD ir:ifigr Vg?j; Mean SD Z value [}
(CTD)
VF Test
Phonemic (corrected score) 42.75 11.33 06 (02) 38.10 11.80 -3.1589 < .05
Semantic (corrected score) 23.59 5.22 20.70 5.40 -3.2069 < .05
TAP Battery
Total Alertness: RT (msec) 250.94 32.92 279.50 38.80 -2.9500 < .05
Tonic Alertness: RT (msec) 258.33 32.98 0.7 (0.1 279.10 37.90 -3.106P < .05
Phasic Alertness: RT (msec) 257.84 27.32 279.00 40.20 -3.4100 < .05
Vigilance: RT (msec) 406.44 86.97 442.50 100.40 -2.3320 < .05
Vigilance: false responses 0.88 1.29 0.6 (0.1) 1.10 2.10 -0.210P .834
Vigilance: omitted stimuli 0.13 0.34 0.20 0.70 -0.586P .558
Go/NoGo: RT (msec) 479.22 55.52 06 (0.1) 510.90 59.20 -3.077° < .05
Go/NoGo: false responses 0.47 0.67 0.70 0.80 -1.252P 210
Divided att.: RT (msec) 622.81 51.40 06 (01 685.80 74.60 -3.774P <.001
Divided att.: omitted stimuli 0.81 1.33 1.60 1.40 -2.753P <.05
EA: Ethilic Alcohol; VF: Verbal Fluency Test; TAP: Test battery for Attentional Performance; " Wilcoxon Signed Ranks Test; @ Based
on positive ranks; ~ Based on negative ranks

methodology used in their study. Our data are also
in contrast with those of Verster and coll. (2003),
who failed to find any impairment in the vigilance
performance of occasional drinkers. The authors
administered the vigilance test during a hangover
condition (the day after alcohol intake), so that the
difference between their data and ours could be due
to the different methodologies used.

However, some evidence for slower reaction times
and higher number of errors has been reported for
complex attentive tasks (McCann, et al., 1998;
Gouzoulis-Mayfrank, et al., 2000; Fox, et al., 2001a,
b). According to Indlekofer and coll. (2009), aver-
age RT in combination with a higher incidence of
errors may be interpreted as a higher frequency of
lapses of attention (i.e., short-term loss of attentional
control).

In the present study, we showed that accuracy was
sufficiently preserved after assuming alcohol, par-
tially contrasting results of Schweizer and Vogel-
Sprott (2008) which found that also the accuracy in
cognition tended to be impaired with alcohol, during
both the rising and declining BAC levels. However,

according to the authors, although such findings
raise the possibility that speed and accuracy mea-
sure different types or features of cognitive func-
tions, the nature of these processes remains unclear
(Schweizer and Vogel-Sprott, 2008). In our opinion,
the worsening of RT only, without any impairment
in the accuracy of selecting the stimuli in both selec-
tive and divided attention, suggest a possible impair-
ment of the intensive component of the attention
alone, with a sufficient preservation of the selective
component as a whole.

It is well known that human factors are the primary
causes of traffic accidents. Among them, attentive
disorders may determine daily dangerous situations
for the whole community. Indeed, alcohol is only
one of the many features that may affect driving
behaviour; for example, prolonged and nocturnal
vehicle driving, excessive daytime sleepiness, use
of mobile phones, sensorial and music hyper-stimu-
lation and, last but not least, use of drugs or psycho-
tropic substances may affect cognitive performances
(Garbarino et al., 2014). In particular, Movig and
coll. (2004) found an increased risk for single use
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of benzodiazepines or alcohol, or combination of
drugs or drugs and alcohol taken together (Poulsen
et al., 2012). Cannabis is considered a risk factor in
some studies (Lenguerrand et al., 2008) but not in
others (Movig et al., 2004), whereas Biecheler et
al. (2008) found that alcohol remains the major risk
factor at any age, underlining that the combination
of cannabis and alcohol represents a priority target
for prevention in young drivers.

Observational surveys (McCartt et al., 2006) indi-
cate that an increasing number of drivers use cell
phones. Moreover, experimental studies have found
that simulated or instrumented driving tasks, or driv-
ing while being observed, are compromised by tasks
intended to replicate phone conversations, whether
using hand-held or hands-free phones, with a rela-
tive risk to be involved in a road accident is equal to
or higher than 4 (McCartt et al., 2006). Furthermore,
Strayer and coll. (2006) have demonstrated that the
cognitive impairment due to the use of a mobile
phone during the car driving is similar to that pro-
voked by a BAC of 80 mg/100 ml. Concomitant
elevated alcohol levels and the above conditions
have been scarcely investigated.

Subjects with previous traumatic brain injury (TBI)
are significantly at higher risk of road accidents
than age and sex matched normal subjects, likely
because of attentive and executive functions disor-
ders (Formisano et al., 2005; Bivona et al., 2012), as
well as reduced or lacking in self-awareness (Ben-
Yishay et al., 1985; Prigatano et al., 1986; Bivona
et al., 2008; Ciurli et al., 2010). Interestingly, it has
been demonstrated that subjects with TBI are prone
to suffer from excessive daytime sleepiness (Imbach
et al., 2015). As an example, subjects with an exces-
sive somnolence are at risk to be involved in a road
accident 7 times more frequently than the awake
controls (Findley et al., 1988; Garbarino et al.,
2001). Our results on the effect of alcohol in normal
subjects suggest that the effect of alcohol in subjects
with impairment of driving abilities, such as brain-
injured subjects, may be even more detrimental for
personal and social safety, while driving.

The present study is limited by the small sample
size, thus larger population studies are necessary to
confirm our data.

Expanding the number of participants studied would
allow to evaluate EA effects on cognitive functions
eventually responsible for risky driving conditions also

in more complex situations, such as EA intake com-
bined with cannabis or other conditions like mobile
use, or somnolence, previous brain injury or others.
Blood flow and functional imaging techniques, as
well as electrophysiological techniques, may con-
tribute to better understand the impact of alcohol
on cerebral blood circulation and neural networks
changes. For example, Van Horn and colleagues
(Van Horn et al., 2006) examined the acute effects
of alcohol in the context of goal-directed visuo-
motor performance during functional magnetic
resonance imaging (fMRI), and found that blood-
oxygen level-dependent (BOLD) activity in the
cerebellum was suppressed after alcohol intake.
They also showed that a fronto-parietal network is
the most affected by alcohol consumption. Results
indicate that alcohol selectively suppresses cogni-
tive activity in frontal and posterior parietal brain
regions that, along with cerebellar nuclei, are
believed to contribute to the formation of inner cog-
nitive models of motor representation and action. In
vivo and in vitro electrophysiological studies (Tu
et al., 2007) were used to determine the effects of
ethanol on neuronal firing and network patterns of
persistent activity of the prefrontal cortex (PFC)
neurons. In vivo, ethanol dose-dependently reduced
spike activity in the PFC, measured with multielec-
trode extra-cellular recording in the anesthetized
rat. In an in vitro co-culture system containing
slices of PFC, hippocampus and ventral tegmental
area (VTA), ethanol decreased persistent activity of
PFC neurons, but had little effect in cultures lacking
the VTA.

The main limitation of the present study is the lack
of placebo control group, due to the results of a
preliminary pilot study with subjects who showed
to be able to recognize alcoholic drinks compared
to alcoholic-free drinks. Therefore, the expectancy
of receiving EA or alcoholic-free drink could have
affected the performance during testing.

In conclusion, our data strongly support the notion
that safe drinking equals safe driving. Worsening of
attentive functions after assuming alcohol suggests
that driving or operating heavy machineries can be
severely impaired at BAC level equal to or higher
than 0.5 grams per liter. Thus, the increasing burden
of car accidents injuries due to alcohol, calls for
targeted educational programs involving families,
school and public institutions.
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