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Abstract

Background: Only few studies with small experimental samples investigated the impact of psychoactive
substances on driving performance. We conducted a multicenter international cross-sectional study to evaluate the
correlation between alcohol use and driving-related skill as measured by brake reaction time (RT).

Methods: Before and after the entrance into randomly selected recreational sites from six European countries, all
subjects aged 16-35 years, owning a driver license, were asked to compile a structured socio-demographic
questionnaire and measure RT (SimuNomad3 driving simulator), breath alcohol concentration (BAC; Drager
Alcoltest), and drug use (Oratect Il saliva test, only at the exit). Mixed regression modeling was used to evaluate
the independent association between RT and alcohol concentration or drug use.

Results: Before the entrance into the recreational site, 4534 subjects completed all assessments and composed the
final sample. Their mean age was 23.1 + 4.2y; 68.3% were males; 54.7% had BAC > 0 g/L (assumed alcoholics); 7.5%
declared illegal drug assumption (mostly cannabis). After the exit, 3019 also completed the second assessment:
71.7% showed BAC > 0 g/L. Controlling for age, gender, educational level, occupation, driver license years, and
drug use, BAC was positively associated with RT, achieving significance, however, only when BAC was higher than
0.49 g/L. Significant interaction terms were found between BAC and female gender or drug use, with highest RTs
(> 1 sec) recorded among drug users with BAC > =1 g/L.

consumption of psychoactive substances.

Conclusions: This field study confirms previous experimental data on the negative impact of alcohol use on
driving-related skill, supporting regulations and educational campaigns aimed at discouraging driving after

Background

Between 1995 and 2004, according to Traffic Safety
Facts almost 73,500 young people (aged 16-24) died in
road accidents in 14 European countries [1,2], and road
crashes are considered the first cause of death in people
aged 10-24 years in developed countries [3].

Previous researches have indicated that younger age,
inexperience in driving and consumption of alcohol and
illegal drugs, especially in the week-end evenings, are
the main risk factors of traffic crashes [4-10].
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As regards alcohol and illegal drug consumption, sev-
eral studies focused on their correlation with simulated
driving performance [11-17]. Driving performance was
influenced by a number of factors, such as tracking, vigi-
lance, divided attention tasks, visual functions and driv-
ing skills. Several studies reported the reaction time as a
proxy of driving-related skill [6,18,19]. Such studies,
however, were mostly based on small samples, in con-
trolled experimental or laboratory settings [14-17]. As
an example, Marczinski et al. investigated driving per-
formance in a sample of 40 college students [11], while
Liguori has conducted a study on 18 adults [19]. Other
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studies included only people admitted to hospital emer-
gency departments following a crash [20-26].

To date, however, no studies with large samples evalu-
ated the correlation between consumption of psychoac-
tive substances and driving performance in natural
settings, and although the negative impact of alcohol
and illegal drugs on cognitive ability has long been
recognized, their relative contribution on driving perfor-
mance remains unclear [18,27-30].

The TEN-D (Dark, Dance, Disco, Dose, Drugs, Drive,
Danger, Damage, Disability, Death) by Night is an inter-
national multicentric cross-sectional survey, conducted
on a large sample of young people in six European
countries [31], aimed at investigating the relationship
between driving-related skill, as measured by brake reac-
tion time, and alcohol and illegal drugs assumption.

Methods

Study design and population

The study protocol has been described in detail else-
where [31]. In brief, the TEN-D by Night project is a
multidisciplinary, multicentric, international, cross-sec-
tional survey. The project was endorsed by the Eur-
opean Commission Public Health Executive Agency and
it was carried out in six European countries: Italy, Bel-
gium/Netherlands, Bulgaria, Poland, Spain.

The TEN-D survey collected data on subjects aged 16
to 35 years, who owned a driving license and attended
recreational sites during weekend nights. The recrea-
tional meeting places were selected on the basis of offi-
cial regional lists and according to the willingness of the
club’s owners. At the entry of the recreational site, each
participant was administered a first questionnaire by
survey staff, who was previously trained and was com-
posed by at least six operators in each intervention. The
first questionnaire collected information on demo-
graphic and socioeconomic status, medication consump-
tion, alcohol and illegal drug consumption, and driving
habits. At the exit from each recreational site, a second
questionnaire was administered to each participant,
investigating alcohol and illegal drug consumption dur-
ing the event, intention to drive, and opinion about the
intervention. The entrance (first) and exit (second) ques-
tionnaires were developed based on validated question-
naires [32,33], which were translated into the national
language of each of the participating country.

Also, at the entry of the recreational site, we evaluated
the breath alcohol concentration (BAC -proxi of alcohol
consumption) and the reaction time (RT -proxi of driv-
ing-related skill) of each participant, using:

- the Drager Alcoltest 6510 (the measurement results
are given in g/L and, according to the manufacturer,
their standard deviation is + 1.7% of the measurement
value) [34];
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- the driving simulator SimuNomad3 Ecrans, provided
with the Software SCAM 03, to measure the latency
time to release the gas pedal, along with the latency
time to press the brake pedal, after the appearance of a
fence on a screen. Reaction time was defined as the
latency to apply the brake after appearance of a barrier
in a driving simulator) [35].

At the exit of the recreational site, the same tests were
performed again. In addition, each participant was sub-
jected to a saliva test: the Oratect III Oral Fluid Drug
Screen Device; a one-step chromatographic immunoas-
say device employed for the qualitative simultaneous
detection of multiple illegal drugs: cocaine, metampheta-
mine/MDMA, THC, amphetamine, opiates, benzodiaze-
pines [36].

An informed consent was obtained by all participants
in each intervention and the TEN-D by Night project
was approved by the ethics committee of the coordinat-
ing centre (the Central Ethics Committee of the Catho-
lic University of the Sacred Heart in Rome, Italy).

Data analysis

The sample size was calculated using the Schlesselmann
formula for known population sizes [37], and computa-
tion details have been reported previously [31].

Analyses were primarily aimed at identifying potential
predictors of reaction time, with particular emphasis on
the possible role of BAC and drug use. Importantly,
however, drug assumption was used only as a confound-
ing factor, for several reasons: it was only self-reported
at the entry; although it was tested at the exit, the
adopted test had very high specificity (98%) but low sen-
sitivity (53%) [38]; finally the test cutoffs for some drugs
were higher than those requested by current guidelines
[39]. Therefore, drug use data could only be used as a
covariate into multivariate models, and the estimates on
its prevalence and association with reaction time,
although explored, could be unreliable and were not
considered as primary aims of the study.

Firstly, mean (SD) reaction times were reported strati-
tying for several variables including age-class (16-19; 20-
24; 25-29 and 30-35 years), gender, BAC in g/l (arbitra-
rily categorized in five classes: 0.0; 0.01-0.19; 0.20-0.49;
0.50-0.99; > = 1.00), educational level, occupation, and
driving license years (for either automobiles or motor-
cycles). Because drug use may confound the association
with the above variables and reaction time, the univari-
ate results were additionally stratified according to drug
use, and both data from the first and second assessment
(before and after the stay in the recreational site) were
showed. Additionally, we also tested the potential asso-
ciation between reaction time and variables related to
past drug or alcohol use, and driving history (i.e. pre-
vious car accident due to driving after drinking).
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Secondly, the independent association between reac-
tion time (dependent variable) and blood alcohol con-
centration was evaluated using several multivariate
approaches. First, separate random-effects regression
models (using country as the cluster variable) were fitted
for the observations collected before the entry and after
the exit from the recreational site. Given that, as
expected, the results of these models were substantially
concordant, we fitted a single model using all observa-
tions. In other terms, the n; BAC values recorded at the
entry were used together with the n, BAC values
recorded at the exit, obtaining n,+n, observations.
Clearly, the same process was applied to reaction times
at entry and exit, and drug use (at the entry, the data
from the questionnaire were used, while the data from
the drug test were used at the exit). We then used a
mixed regression model, with two cluster levels: country
and subject identification code (to account for repeated
observations) [40]. We again found results that were
similar to those from previous models, and the likeli-
hood ratio test confirmed the need for a multilevel
approach as opposed to normal regression. We thus
reported only the estimates from the mixed model to
avoid redundancy. All recorded covariates were included
into the model a priori, except for those variables
related to past use of alcohol or drug and driving his-
tory, which were included only if significant at the 0.10
level. BAC, age and educational level were included as
continuous variables rather than ordinal ones based
upon the Wald test results. Interaction and higher
power terms were tested for all covariates, and only
those achieving significance were retained. Outlier ana-
lysis for the separate regression models was based upon
studentized residuals and DFITS and Cook’s D influence
measure. We found 201-242 influential observations (up
to 5.3%) according to the model and methodology (i.e. n
= 228 using DFITS > 0.85 in the “entry” model), and
repeated all analyses excluding them. We did not
observe substantial changes in any covariates, and thus
used the whole dataset. We assumed an independent
correlation structure for both cluster levels in the mixed
model, however we repeated the model indicating an
exchangeable correlation structure, with marginal
increases in standard errors and no qualitative change.
Expectedly, some degree of multicollinearity was
observed between the number of alcohol units declared
by each subject and their BAC (as assessed by the Dra-
ger Alcoltest) either before or after the stay inside the
local (Spearman rho: 0.61 and 0.67, respectively). The
number of units declared was less relevant for the analy-
sis and excluded from multivariate models. Notably,
either BAC at the entry and at the exit remained highly
significant in all models even when the number of alco-
hol units declared was included. Finally, with the
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exception of occupation (n = 138), drug use testing at
the exit of the recreational site (n = 273), and previous
detain because of driving (n = 141) missing items were
less than 15 for all variables and no missing imputation
technique was thus adopted.

As a confirmatory secondary analysis, we carried out a
different model to investigate the independent associa-
tion between the change in reaction time (dependent
variable) and the change in BAC between the entry and
exit from the recreational site. The analysis was based
upon a random-effect regression model (country as the
only cluster variable) and was clearly limited to those
accepting the alcohol test also at the exit from the
recreational site. Criteria for model building were the
same as above: all variables included into the multivari-
ate analysis on reaction time were forced to entry into
the model.

A two-tailed p-value of 0.05 was considered significant
for all analyses, which were carried out using Stata, ver-
sion 10.1 (Stata Corp., College Station, TX, USA, 2007).

Results

Characteristics of the sample and alcohol and drug use
Overall, 4534 subjects compiled the first questionnaire,
performed the first Alcoltest and had their reaction time
measured through the Driving simulator. Their mean
age was 23.1y (SD = 4.2), and 68.3% were males (Table
1).

Before the entry in the recreational site, more than
half of the participants declared they assumed alcohol,
and 29.1% affirmed they drank 3 or more alcohol units
(18.0% mixed different types of alcoholics). In agreement
with declarations, the BAC was 0.0 g/l only in 45.3% of
the subjects; while 25.9% and 8.8% of the subjects
showed a BAC higher than 0.50 and 1 g/, respectively.
A minority reported illegal drug use (7.5%); mostly can-
nabis (6.3%).

At the exit from the recreational site, only 3019 of the
4534 participants accepted to perform the second
assessment (66.6%). The main characteristics of those
who accepted and refused the second evaluation are
separately reported in Table 1. The majority of respon-
ders declared they assumed alcohol inside the recreation
site (77.0%), and 40.7% drank 3 or more alcohol units.
The percentages of those with BAC higher than 0.50
and 1.00 g/l were 43.2% and 16.9%, respectively. Only
4.5% of the subjects declared illegal drug use inside the
recreational site. Clearly, the interpretation of all exit
data should be cautious because of the above mentioned
relevant proportion of subjects who refused the second
assessment. Indeed, and unsurprisingly, those who
refused the second evaluation, as compared to those
who accepted, were more likely to declare alcohol and
drug assumption at the first evaluation, to have mixed
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Table 1 Characteristics of the sample

Before (n = 4534) After (n = 3019) No response (n = 1515)
% % % p*

Male gender 68.3 703 64.4 < 0.001
Age class, y
16-19 23.1 245 205
20-24 46.2 450 48.8
25-29 20.8 20.0 222
30-35 9.9 10.5 85 0.001
Educational level
None 30 28 32
Mandatory school 14.6 139 16.1
High school 52.8 57,2 441
Diploma 296 26.1 36.5 < 0.001
Occupation
Student 47.2 47.1 473
Employed 45.1 45.1 450
Unemployed 7.7 78 7.7 09
Driving licence years
No licence 108 132 6.1
<=2 26.7 26.7 266
3-5 250 24.1 26.8
>5 375 36.0 40.5 < 0.001
Declaring alcohol assumption 583 77.0 69.5 ¢ 0015 §
Number of alcohol units declared **
0 446 230 342 ¢ -
1-2 263 363 233 ¢ -
>=3 29.1 40.7 425 ¢ 0011 §
Type of drinks declared
None 417 230 305 ¢ -
Beer (only beer) 276 (16.1) - 282 (9.7) ¢ -
Wine (only) 12.2 (49) - 18.1 (5.7) ¢ -
Super alcoholics (only) 214 (9.8) - 24.7 (6.8) ¢ -
Cocktails (only) 7.8 (2.8) - 1159 ¢ -
Pops (only) 15.0 (6.6) - 329 (13.8) ¢ -
Mixing alcoholics 18.1 - 307 ¢ < 0001 §
Alcohol test: BAC, g/
0.0 453 283 358 ¢ -
0.01-0.19 12.5 104 132 ¢ -
0.20-049 163 18.1 17.1 ¢ -
0.50-0.99 17.1 263 215 ¢ -
> =100 88 16.9 124 ¢ 0.009 §

Declaring (any) drug assumption 7.5 45 13.7 ¢ <0001 §
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Table 1 Characteristics of the sample (Continued)

Drug type declared

Cannabis 6.3 33 116 ¢ 0.004 §
Cocaine 1.0 0.8 22 ¢ -
Amphetamines 04 0.8 05 ¢ -
Benzodiazepine 0.2 0.1 0.1 ¢ -
Opiates 0.1 0.0 03 ¢ -
Other 0.1 02 02 ¢ -
Drug test: any drug (missing = 273) - 6.3 - -
Cannabis - 43 - -
Cocaine - 14 - -
Amphetamines - 1.1 - -
Benzodiazepine - 04 - -
Opiates - 04 - -
Mean age in years (SD) 231 (4.2) 23.1 (43) 23.0 4.1) 09§

BAC = Blood Alcohol concentration. * Chi-squared test to compare the sample who answered and did not answer after the stay inside the local. ** One alcohol
unit = 125 ml of wine or 330 ml of beer or 40 ml of spirit. ¢ Referred to the data before the entrance in the local only. § p-values are referred to the comparison
between those refusing the second evaluation (n = 1515) and those accepting it (n = 3019), and are based upon the parameters of the first assessment.

alcoholics, and to show a BAC > 1.00 g/l (all p < 0.02).
Additional information on the characteristics of the sub-
jects with BAC equal or higher than 0.50 g/, both at
the first and the second assessment, have been provided
in the additional file 1.

When the focus moved to past drug or alcohol use,
the prevalence of users largely increased: 91.2% and
31.1% declared they assumed alcohol and cannabis,
respectively, in the last month. Driving misbehaviors in
the recent past were not infrequent: 19.7% declared they
had driven while inebriate in the last month; 8.2% had
their driving license suspended; 4.6% caused a car acci-
dent because of drinking and 2.4% were arrested
because of driving after drinking in the last year. More
detailed results have been reported in the additional file
1.

Reaction Time

The mean reaction time of the sample, overall and stra-
tified by several variables, is reported in Table 2.
Because entry and exit data were similar, they can be
discussed together. In the majority of the sample who
did not use illegal drugs (n = 4195 before the entrance;
n = 2789 after), the reaction time was slightly higher in
females, with low educational level, unemployed. As
regards the relationship between BAC and reaction
time, the latter progressively increased with increasing
BAC after zero g/l, and the highest reaction time was
invariably noted among those with BAC equal or more
than 1 g/l. Unexpectedly, however, those with BAC = 0
g/l showed a higher mean reaction time as compared to
those with BAC < 1 g/l. Notably, the above pattern was
observed in both males and females.

By contrast, the above U-shaped trend in the relation-
ship between BAC and reaction time was not observed
among those declaring drug use: reaction time progres-
sively increased with increasing BAC even when subjects
with BAC = 0 g/l were considered. Importantly, and
expectedly, the highest mean reaction times were
observed among those who used drugs and showed
BAC values equal or above 1 g/l (1.09 seconds among
males; 1.23 seconds among females).

Multivariate analysis
The results of the mixed regression models investigating
potential independent predictors of reaction time have
been reported in Table 3. Even after controlling for age,
gender, educational level, occupation, driving license years,
drug use and detain due to driving after drinking, reaction
time significantly increased with increasing BAC. Impor-
tantly, because of the unexpected U-shaped relationship
between BAC and reaction time at univariate analysis, the
possibility of higher power terms (non significant in any
model), transformation and categorization for BAC was
extensively explored. When analyses were adjusted for
other covariates, (and in particular driving license years),
the relationship between BAC and reaction time became
approximately linear, and BAC might be included in the
model as a continuous variable. Indeed, univariate analyses
were confounded by the higher proportion of subjects who
obtained the driving license from 2 to 5 years and who
were less likely to drink (and be accordingly classified into
the category BAC = 0 g/ -data not shown).

In the same table, we are also showing the results of a
second, very similar model, in which BAC was treated
categorically and separate coefficients are reported for
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Table 2 Reaction time according to blood alcohol

concentration (BAC) and other characteristics of the

sample
Before, Before, After, After,
no drugs drug no drugs* drug
users users**
(n=4193) (n=337) (n=2542) (n =210)
Overall 072 (032) 081 (062) 072031  078(032)
Males 069 (031) 079 (067) 071032 079 (034
Females 0.77 (0.34) 089 (046) 0.74 (0.29) 0.76 (0.23)
BAG, g/1 (All)
0.0 0.73 (029) 068 (0.27) 0.75(0.28) 0.73 (0.36)
0.01-0.19 065 (027) 080 (0.71) 067 (0.24) 072 (0.19)
0.20-049 068 (0.28) 081 (0.53) 067 (0.24) 0.74 (0.25)
0.50-0.99 0.72 (0.34) 074 (065)  0.70 (0.37) 0.76 (0.27)
> =100 0.84 (0.50) 1.13 (0.84) 0.76 (0.35) 0.88 (0.37)
BAC, g/l (Males)
0.0 070 (029) 067 (0.28)  0.75(0.28)  0.75 (042)
0.01-0.19 063 (0.28) 078 (0.82) 065 (0.24) 0.73 (0.23)
0.20-049 065 (0.26) 078 (0.58)  0.65 (0.24) 0.73 (0.25)
0.50-0.99 0.70 (0.36) 0.73 (0.72) 069 (0.39) 0.73 (0.28)
> =100 0.80 (0.40) 1.09 (0.88) 0.75(0.35) 091 (0.39)
BAC, g/I (Females)
0.0 0.77 (0.30) 0.73 (0.27)  0.75 (0.29) 0.66 (0.19)
0.01-0.19 0.70 (0.25) 0.86 (0.14) 1(0.25) 0.69 (0.12)
0.20-049 0.76 (0.29) 0.87 (043) 0.70 (0.25) 0.78 (0.25)
0.50-0.99 0.76 (0.25) 0.80 (0.26) 0.76 (0.30)  0.84 (0.24)
> =100 097 (069 123 (0.74) 079 (0.35) 0.73 (0.25)
Age class, y
16-19 0.71 (0.34) 1.09 (1.10) 069 (0.31) 0.79 (0.30)
20-24 072 (032) 071(032) 073(033) 074032
25-29 073 (032) 079 (049) 072 (0.28) 087 (0.36)
30-35 0.71 (0.27) 0.72 (0.23) 1(0.29) 0.78 (0.28)
Educational level
None 1(046) 095 (043) 1.03(037) 3 (0.39)
Mandatory school 078 (0.31) 094 (0.78)  0.77 (0.30) 0.94 (0.40)
High school 068 (0.31) 074 (0.37) 068 (0.30) 0.73 (0.28)
Diploma 0.73 (0.31) 081 (0.79) 073 (0.31) 0.70 (0.22)
Occupation
Student 0.70 (0.34) 0.85(0.70) 069 (0.31) 078 (0.33)
Employed 0.73 (0.30) 078 (0.53) 0.74 (0.31) 0.77 (0.29)
Unemployed 0.80 (0.33) 084 (069 081 (0.34) 0.84 (0.39)
Driving licence
years
No licence 065 (0.34) 078 (0.75) 064 (0.27) 0.70 (0.26)
<=2 0.75(0.33) 1.02 (0.95) 0.73 (0.29) 0.85 (0.35)
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Table 2 Reaction time according to blood alcohol con-
centration (BAC) and other characteristics of the sample
(Continued)

3-5 0.74 (035) 0.74 (0.33)  0.76 (0.35) 0.80 (0.32)
>5 0.70 (0.29) 072 (037)  0.71 (0.31) 0.74 (0.30)

All data are reported as means (SD). M = Males; F = Females. * Excluding (or
including) those with drug test missing. ** Including both those declaring
drug use inside the local and those found positive to the Oratect Il test,
independently on their declaration.

each BAC class (given that the potential existence of a
BAC cutoff after which reaction time does increase sig-
nificantly was also an hypothesis of extreme interest). It
can also be noted that the differences in reaction time
between the subjects with BAC = 0 g/l and those with
BAC < 0.5 g/l were no more significant at multivariate
analysis. Although the relationship between BAC and
reaction time is approximately linear, only after 0.5 g/l of
BAC the increase in reaction time achieved significance.

Interestingly, when adjusting for BAC and other cov-
ariates, illegal drug use was not significantly associated
with an increase in reaction time. However, the interac-
tion term between BAC and drug use was strongly sig-
nificant, indicating that the negative effect of alcohol
increases when also drugs are assumed.

Also the interaction between gender and BAC was
highly significant, suggesting that alcohol influence on
reaction time was smaller in males than females, who also
showed a higher reaction time per se. Finally, the other
independent predictors of a rise in reaction time were
unemployment and owning a driving license. Interestingly,
there seemed to be a inverse trend between reaction time
and the number of years of driving experience, but the
direct comparison among driving license categories was
not or only borderline significant (data not shown).

Table 4 shows the results of the secondary multivariate
analysis, investigating potential predictors of the change
in reaction time between the entry and exit from the
recreational site. The results of the first model were sub-
stantially confirmed: an increase in BAC was significantly
associated with an increase in reaction time; and the
increase of BAC between the entry and the exit from the
recreational site caused a lower augment of reaction time
among the males, who also showed a lower reaction time
than females (although of borderline significance). This
analysis was based upon 3019 subjects only (those
accepting to participate to both first and second evalua-
tions) and was adjusted for the same covariates that were
also included in the above mixed model.

Discussion
Driving performance depends on several factors pertain-
ing to driving expertise and level of attention, of which
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Table 3 Results of the multivariate analysis (mixed regression model) evaluating potential predictors of reaction time

First model Second model *

Regression (95% Cl) p  Regression (95% Cl) p

coefficient coefficient
BAC, 0.1 g/l increase 0.015 (0.012;0.018) < 0.001 -
BAC classes
0.0 (ref. category) - 0 - -
0.01-0.19 - -0.016 (-0.037; 0.005) 0.144
0.20-0.49 - 0.018 (-0.002; 0.037) 0.068
0.50-0.99 - 0.050 (0.031; 0.070) < 0.001
> =100 - 0.196 (0.147; 0.244) < 0.001
Drug use -0.007 (-0.041; 0.026) 0.7 -0.015 (-0.054; 0.024) 0.5
BAC*drug use 0.015 (0.006; 0.024) 0.002 0.010 (0.005; 0.014) < 0.001
Male gender -0.065 (-0.042; -0.088) < 0.001 -0.076 (-0.054; -0.097) < 0.001
BAC*Male gender -0.011 (-0.004; -0.019) 0.003 -0.008 (-0.004; -0.011) < 0.001
Age, 1-year increase 0.003 (-0.001; 0.006) 0.10 0.003 (-0.001; 0.006) 0.090
Educational level, ordinal 0.001 (-0.012; 0.014) 09 0.001 (-0.013; 0.014) 09
Occupation
Student (ref. category) 0 - - 0 - -
Employed 0.013 (-0.010; 0.035) 03 0.011 (-0.011; 0.034) 0.3
Unemployed 0.075 (0.040; 0.110) < 0.001 0.074 (0.039; 0.109) < 0.001
Driving licence years
No licence (ref. category) 0 - - 0 - -
<=2 0.090 (0.057; 0.124) < 0.001 0.092 (0.059; 0.126) < 0.001
3-5 0.068 (0.033; 0.103) < 0.001 0.069 (0.034; 0.104) < 0.001
>5 0.043 (0.005; 0.082) 0.027 0.046 (0.007; 0.083) 0.019
Arrested because of driving after drinking in the last year 0.161 (0.101; 0.220) < 0.001 0.158 (0.098; 0.217) < 0.001

* The second mixed model includes the same covariates of the first; the only difference is the inclusion of dummy variables for BAC classes (categorization).

reaction time is considered a valid indicator [41]. Several
studies documented that reaction time can be influenced
by alcohol or psychoactive drug use, but uncertainties
remain of the quantification of both the associations
[18,27-30]. To our knowledge, this is the first study pro-
viding a precise estimate of the influence of alcohol
intake on reaction time from a large sample of young-
adult individuals from different European countries, in
natural recreation settings.

Adjusting for age, gender, educational level, occupa-
tion, driving license years and illegal drug use, we found
a significant and independent worsening in reaction
time with increasing alcohol intake (BAC). Clearly, the
increase in reaction time was highest when BAC was
over 1.00 g/l, especially in females and in those subjects
who also used drugs (significant interactions with

alcohol intake were observed for both factors). Impor-
tantly, when compared to those who did not assume or
already metabolized alcohol (BAC equal to zero), reac-
tion time was significantly higher only when BAC value
overcome 0.50 g/l, indicating that below such a thresh-
old reaction time does not seem to be substantially
altered. Given the recent diffusion of energetic drinks, in
which caffeine or other stimulants are mixed with alco-
hol, and may confound the real strength (and shape) of
the association between alcohol and reaction time, we
analyzed separately the subjects who assumed drinks
that could (cocktails, alcohol pops, or mixed) or could
not (beer only, wine only, super-alcoholics only) be
mixed with energetic substances, finding however no
differences at both univariate and multivariate analyses
(data not shown). Although a more precise analysis was
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Table 4 Results of the multivariate analysis (random-
effect regression) evaluating potential predictors of the
change in reaction time before and after the stay inside
the recreational site (dependent variable: time change =
time after -time before)

Regression (95% ClI) P
coefficient
Change in BAC before and after 0019 (0.013;0.025) < 0.001
the stay inside the recreational
site (BAC after -BAC before), 0.1
g/l increase
Male gender 0.025 (-0.001; 0.052) 0.052
BAC change*Male gender -0010 (-0.016; -0.003)  0.004

Drug use 0.029 (-0.010; 0.069) 0.15
BAC*drug use 0.001T (-0.009; 0.011) 09
Age, 1-year increase 0.001 (-0.003; 0.005) 0:6
Educational level, ordinal 0.009 (-0.006; 0.025) 0.2
Occupation

Student (ref. category) 0 - -
Employed -0.009 (-0.036; 0.018) 05
Unemployed -0.019 (-0.060; 0.023) 04
Driving licence years

No licence (ref. category) 0 - -
<=2 0.006 (-0.032; 0.044) 0.8
3-5 0.015 (-0.025; 0.053) 0.5
>5 0.019 (-0.023; 0.062) 04
Arrested because of driving after 0.001 (-0.001; 0.002) 05

drinking in the last year

not possible due to the lack of further details on the
assumed drinks, it is unlikely the observed lack of signif-
icance in the association between 0 < BAC < 0.50 g/l
and reaction time increase is entirely biased. In any
case, this finding should not be misinterpreted as a
demonstration that moderate alcohol use does not affect
driving, as it has been repeatedly documented that other
components affecting driving performance such as dan-
ger perception are altered even at moderate blood alco-
hol concentrations [42-44].

When the interaction term between drug use and
alcohol concentration was included in multivariate ana-
lysis, the association between drug use per se and reac-
tion time was no longer significant. However, we already
mentioned several reasons (no test at the entry, low sen-
sitivity of the exit test) why the present data on drug use
should be interpreted with extreme caution. Also, we
had no data on drug concentration, thus it may be
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possible that the observed lack of association was simply
due to the assumption of very low quantities of drugs
by most of the participants. In any case, as for moderate
alcohol levels (BAC < 0.5 g/l), such finding should not
be misinterpreted: even if drug assumption was not
independently related with a worsening in reaction time,
its use significantly increased the negative effect of
alcohol.

All of the above findings confirm and expands those
from previous studies on the negative impact of alcohol
and illegal drugs on cognitive abilities (cognitive faculty
is, in effect, the first to be impaired by drinking, result-
ing in deteriorated performance in tasks related to
attention, memory, logical reasoning and visual percep-
tion [18,27-30]) and driving-related-skills and perfor-
mance (drug use among vehicle drivers increases the
risk for a road trauma accident requiring hospitalization
(7,14,17,28)).

Besides the negative interaction between alcohol con-
centration and female gender, our analyses also showed
a longer reaction time in females than males, confirming
previous findings on driving-related skills differences by
gender [45,46].

Concerning other predictors of reaction time, unem-
ployed subjects (vs students and employed people), as
well as those with a driving license (vs no driving
license), showed a longer reaction time. The foster find-
ing is of complex interpretation, while it may be
hypothesized that people with no driving license were
kept the simulator test more seriously than those
already driving, who might have been more relaxed
because of the higher confidence in their reaction in
such a situation. Similarly complex to interpret is the
finding of an independent and strongly significant asso-
ciation between a longer reaction time and having been
arrested because of driving after drinking. In fact, it may
be supposed that these subjects would have been more
careful in performing their examination. Certainly, the
present results suggest the need for additional research
on these subjects, for whom a reaction time test might
even be supposed for license returning.

Other results of interest are the very high proportion
of subjects who had already drank before the entry in
the recreational site (54.7%; 8.8% with BAC > = 1.00 g/
1), and the even higher proportion of those who drank
after the stay in the local (71.7%; 16.9% with BAC > =
1.00 g/1). Also, 6.3% of the participants were found to
have assumed illegal drugs after the stay despite wide-
spread prohibitions in all participating countries. More-
over, the latter findings are certainly underestimated
because of the low sensitivity of the exit test and the
large proportion of subjects who refused the second
assessment (33.4%). In fact, these subjects showed a
higher proportion of alcohol and drug users at the first
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assessment, and their refusal might have been motivated
in many cases by the awareness of having assumed
drugs or drunk too much to perform well. In addition,
all data on the prevalence of alcohol and drug use must
be interpreted with extra caution also because the study
was not designed to this aim and the sample cannot be
considered representative of the whole young-adult
population. As an example, and although several differ-
ences in the studied populations, Miller et al. reported a
drug use prevalence as high as 26% in patrons of clubs
featuring electronic music dance [47].

A last mention deserves false-reporting. Alcohol
assumption was both self-reported and objectively evalu-
ated (through the Alcoltest). The same was made for
drug use at the exit from the recreational site. There-
fore, we had the opportunity to roughly estimate the
amount of false declarations in both contexts. More
than a fifth (20.6%) of those declaring no alcohol
assumption at the entry showed BAC > 0 g/l, while only
2.9% of those declaring no drug use were found positive
to the Drug test (data not shown). However, they repre-
sented 43.7% of all the subjects that were found positive
to the test (which, again, had low sensitivity). Moreover,
our participants knew they were going to be objectively
assessed, thus the percentage of false reporting is likely
to be substantially lower than in surveys where con-
sumption is only self-reported. Clearly, these findings
confirm previous researches suggesting that such a lim-
itation should be taken into account when interpreting
the results from studies on alcohol or drug consumption
that are only based upon self-reporting [48].

This study has some limitations that deserve discus-
sion. First, as above mentioned, the sample cannot be
considered representative of neither the whole popula-
tion of young-adults nor the subset of subjects attending
recreational sites, because of the voluntary recruitment
of participants and the opportunistic selection of recrea-
tional sites. However, if such a bias is likely to influence
the results on alcohol and drug use prevalence, there
are no reasons to believe that it may affect the associa-
tion between alcohol concentration or drug use and
reaction time.

Second, driving simulator performance may not accu-
rately reflect what actually happens in road driving
where other distraction factors may influence cognitive
abilities [49,50]. Although the few studies that directly
compared the two situations used excursions out of lane
rather than reaction time, they reported a high level of
agreement between simulator results and real driving-
related skill [51,52].

Third, we did not investigate in detail the potential
influence of the different types of alcoholics or drugs
consumed. However, for such analyses to be meaningful
(especially for drug type), a much larger sample size
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would have been required, and their reliability would
still be limited by their dependence on self-reporting. In
any case, we found no differences in reaction time
according to the vast categories of alcoholics that we
used (beer, wine, spirits, cocktails, alcohol-pops, mixed),
but these results are of limited utility given that there is
huge variability in the alcohol content within the same
class of drinks.

Fourth, the design of the study is cross-sectional,
therefore we were able to document only associations
between variables, not the presence of a causal relation-
ship. However, we also investigated the variation in
reaction time according to the variation in alcohol con-
centration (between the entry and the exit from the
recreational site), finding a significant positive associa-
tion between BAC levels and reaction time, thus con-
firming the common sense of a causal role of alcohol on
reaction time changes, over and above the influence of
other factors (some of which were adjusted into the ana-
lysis, such as age and gender, while some others were
not, such as fatigue [53,54]).

Conclusion

In conclusion, in this international multicenter survey,
based upon objective evaluations in naturalistic settings,
we found that reaction time significantly increases with
increasing breath alcohol concentration, especially when
also illegal drugs are assumed. Importantly, the differ-
ence in reaction time between subjects with zero alcohol
concentration and those with higher alcohol levels
achieved significance only after the cutoff of 0.50 g/l,
being highest after 1.00 g/I. Although reaction time is
only one of the determinants of driving-related skill, our
findings strongly support National legislations and wide-
spread educational campaigns aimed at discouraging
driving after drinking or drug assumption.

Additional material

Additional file 1: Characteristics of the sample according to blood
alcohol concentration. The table contains the characteristics of the
sample according to BAC. Variables considered are gender, age class,
educational level, occupation, driving license years, alcohol and drugs
consumption declared and drugs tested. Reaction time according to past
alcohol and drug use and driving history in the overall sample. The table
contains the reaction time values (means - SD) according to past alcohol
and drug use and driving history in the overall sample (n = 4534).
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BAC: Breath Alcohol Concentration; RT: Reaction Time; MDMA: 3,4-
Methylenedioxymethamphetamine; THC: Tetrahydrocannabinol; SD: Standard
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