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ABSTRACT

INTRODUCTION: Psychological testing to examine potentially aggressive behaviour is a gold standard, but it
is not sufficient. Testosterone might increase an aggressive behaviour.
AIM: The aim of this study was to evaluate whether testosterone along with psychological assessment of

fitness to drive could help to identify aggressive drivers.

METHODS: Male participants (n=150) aged from 20 to 25, who possessed a driving license and drive

at least 100 km per week, were evaluated in this study using an Inventory of traffic-relevant personality
characteristics, the Sensation Seeking Scale and the Buss-Durkee Aggression Inventory. Saliva was collected
for testosterone and cortisol measurements. The five binomial logistic models with dependent variables
Caused an accident, Driving license taken away, Court trial, Intoxicated driving and Sporty self-report were

tested in this study.

RESULTS: The ‘Intoxicated driving’ model, was found to be statistically highly significant, explaining 48.8 %
of the dependent variable’s variance (x?(16)=36.145, p<0.01). In this model with sensation seeking, actual
testosterone and their interaction was highly significant and explained 20.4 % of intoxicated driving variability
(x3(3)=14.283, p<0.01). This was higher than sensation seeking scores only.

CONCLUSION: To conclude, salivary testosterone might prove a biological marker that improves the
identification of those with a high probability of aggressive driving or its subtypes (Tab. 3, Ref. 53). Text in

PDF www.elis.sk
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Introduction

Aggressive driving is defined by the US National Highway
Traffic Safety Administration (1) as the behaviour of an indi-
vidual, who commits a combination of moving traffic offences
to endanger other persons or property. A driving behaviour is ag-
gressive if it is deliberate, likely to increase the risk of collision
and is motivated by impatience, annoyance, hostility and/or an
attempt to save time (2). The traffic safety and psychological lite-
rature specifically on aggressive driving suggests several other
factors that increase the likelihood of aggressive driving behav-
iour. These include relatively young age, male gender and traffic
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situations that confer anonymity and/or , where escape is highly
likely (3). In addition, a personality that predisposes an individual
to sensation seeking or aggressiveness in other social situations
might play a role (4).

To be more specific, the profile of high risk driver established
by the Traffic Injury Research Foundation (5) has revealed some
prominent characteristics: young, male, employed, low to mode-
rate income, other safety-compromising behaviours, thrill seeking,
aggressive, and record of previous traffic violations and crashes. It
appears there are three high-risk groups: young drivers (less than
25 years old), hard-core drinking drivers, and drivers with previ-
ous violations and crashes (6).

Besides psychological variables, biological approaches can
aid in our understanding of interindividual differences in traffic
violations. While individuals vary greatly in their tendency to take
risks, men tend to engage in more risky behaviour than women do
across a variety of contexts (7). Apart from the masculinisation
effect, testosterone (TST) as the main male gonadal hormone is
a steroid hormone that acts on the central nervous system (CNS).
Its role is to organise and to activate neural circuits. Increased en-
dogenous levels of TST seem to encourage dominant behaviour to
such extent that it might result in an elevated aggressive behaviour
(8, 9). While animal studies are consistent with a strong evidence
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that high levels of TST can be related to high aggressiveness (10),
there are some inconsistencies in humans (11-14).

This inconsistency might be driven by the complex hormonal
pathway of testosterone. Firstly, the effect of testosterone on the
neurodevelopment is well documented. The brain structures that
can be modified early due to foetal testosterone include hypothala-
mus, hippocampus or dentate gyrus (15). The organization change
of brain due to testosterone might have influence on activational
effects of testosterone later, in adulthood (16). Indeed, measur-
ing foetal testosterone is extremely difficult if possible, at all. At
least in humans. The prenatal testosterone can be predicted only
indirectly by a ratio of a second to fourth digit (17). Although this
tool is far from ideal, low 2D:4D ratio is linked to maternal high
testosterone environment and may be responsible for several dis-
orders such as: autism (18), impulsivity (19) or aggression (20).

Activational effects of TST are crucial during adolescence and
adulthood when TST is being secreted. Apart from other organs,
testosterone targets the central nervous system (21). In adulthood,
these effects activate the relevant adult behavioural and physiologi-
cal pathways obtained by organisational effects (22). Unlike organi-
sational effects, these effects were identified as acute and reversible
(21). According to many articles, adult males with higher levels of
actual TST present with a more aggressive behaviour (11, 12, 23).
On the other hand, the links between an aggressive behaviour in
humans and testosterone were found to be significant, but relatively
weak (24). This finding might be due to the fact that majority of
studies used only baseline determination of testosterone. However,
as it is known, testosterone undergoes significant daily fluctua-
tions that might be more important than baseline value itself (25).

Cortisol, as another steroid and stress hormone, can further
modulate the relationship between TST and aggression, at least in
male adolescents (26). A positive relationship was found between
TST and overt aggression in subjects with low cortisol levels (27).
Such an effect is referred to as the dual hormone hypothesis, and
was first described in 2010 (28).

Although 95 % road traffic accidents are co-caused by human
factors, it is still impossible to determine the correlations and sig-
nificance of individual human attributes (as personality traits), be-
havioural patterns and qualities that are responsible for accidents,
due to the immense number of relevant and intervening effects (29).
The relationship between the road traffic accidents rate and driver
personality has not been sufficiently explained. Despite a large
body of studies, findings have been either conflicting or of little
importance (30). One of the most promising constructs is the Sensa-
tion Seeking Scale (SSS), a personality trait of thrill seeking behav-
iour (31). Drunk driving behaviour among young males has been
related to sensation seeking as well as egocentrism (32). This mea-
sure has been found to correlate with many types of risk taking be-
haviour, like driving speed and self-reported traffic violations (33).

In this context, we hypothesised that the actual concentration
of testosterone along with cortisol and/or testosterone daily change
might correlate with a potential aggressive driving among young
individuals. Thus, the aim of this study was to evaluate current
psychological predictive tests of aggressive behaviour together
with actual and prenatal concentrations of testosterone and corti-
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sol. The improvement of such a prediction could have a significant
effect on the current processes of driver evaluation.

Subjects and methods

Subjects

Data about participants from psychological tests and non-
biochemical measurements were acquired from the Department
of Psychology, Faculty of Arts, Faculty of Philosophy of Palacky
University Olomouc, Czech Republic. The Ethical committee
of Palacky University approved the study, and all the participat-
ing subjects signed an informed consent. The participants were
recruited for the study by advertisements on relevant social net-
works groups and by leaflets handed out at the university or pub-
lic premises (libraries, refectory, etc.). Overall, 150 consecutively
enrolled drivers were included in the study. Inclusion criteria were
as follows: 1. possession of a driving license, 2. male gender, 3.
age 20 to 25, 4. drives at least 100 km per week. The evaluation
of participants took about two hours, from 8:00 AM until 10:00
AM. All the participants underwent all the following measure-
ments and questionnaires.

2D:4D ratio

Both palmar surfaces of the participants hands were scanned
using a desktop scanner. Later, the images were evaluated by two
blinded examiners. The ratio was calculated as the distance from
the base of proximal phalanx to the corresponding tip of the 2nd
and 4th fingers. The data from two examiners were averaged, with
the interobserver variability of less than 5 %.

Saliva sample collection

Whole unstimulated saliva was collected for ten minutes using
15 ml tubes. The participants were instructed to abstain from
eating, drinking (not counting water), chewing gum or brushing
their teeth for at least 30 min (34). Due to circadian rhythms in
steroid hormones, saliva collection took place at 8:00 AM for all
the participants. The second collection of saliva for testosterone
measurement was conducted by the same manner as the first col-
lection after the psychological testing ended, i.e. between 9:30 AM
to 10:00 AM. Collected saliva samples were stored at —20 °C until
analyses were performed. The exclusion criteria for saliva collec-
tion were reported oral disease, inflammation or lesion and visible
blood contamination. All are the factors that could interfere with
the hormonal measurement (35).

Sociodemographic questionnaire

The participants were asked about following specifics: year of
birth, height, weight, education, monthly income, having a partner/
husband/wife, living with a partner/husband/wife, having a serious
disease, medication use, food supplements, daily physical activity,
self-evaluation of own driving (driving fast/sporty, carefully/con-
siderate), dominant arm, committing a traffic offense/crime in the
last five years and what kind of offense/crime, number of traffic
accidents and number of traffic accidents caused in the last five
years, previous driving license withdrawal, being judged for an of-
fense/crime, and driving under the influence of drugs/alcohol (36).



Inventory of traffic-relevant personality characteristics (short-

ened version — TVP)

The TVP is an inventory used for measuring personality dimen-
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subscales: physical aggression, indirect aggression, irritability,
negativism, resentment, suspiciousness, verbal aggression and
feelings of guilt (39).

sions that are relevant for mental eligibility to drive a car. It is based

on the NEO personality model, which includes the dimensions
neuroticism, extraversion, openness to experience, agreeableness,
and consciousness. The TVP contains general dimensions based
on NEO BIG-5, as well as dimensions specific to certain traffic
situations. There are also bagatellisation and reactance scales. It
contains 129 items. Respondent rates each item on a four-point
scale, from ‘fit not at all’, to ‘fit entirely’ (37).

Sensation Seeking Scale form V (SSS-V)
The SSS-V is a method for detecting the tendency to seeck

Biochemical analysis

Collected saliva samples were centrifuged at 2,000 x g for
10 min at 4 °C and the supernatant was used for further analysis.
Hormonal measurements were performed using commercially
available ELISA kits (DRG Diagnostic, SLV-3013 for testoste-
rone and SLV-4635 for cortisol, Marburg, Germany) according to
manufacturer’s protocol. The intra-assay variability of testoster-
one was 8.16 % and the inter-assay variability was 7.62 %. The
intra-assay variability for cortisol was 2.62 % and the inter-assay
variability was 6.65 %.

new experiences and to adapt to new things/situations/changes in

lifestyle. It includes four subscales: seeking for tension and ad-
venture, seeking for experience, disinhibition, and perception of
boredom. It contains 40 items. Each item includes two choices,
from which the respondent must choose one possibility. The re-
spondent chooses the possibility that corresponds more with his/

her hobbies or feelings (38).

Buss-Durkee aggression inventory (BDI) 1.
The BDI inventory is used for the diagnostics of aggression

and hostility. It consists of 75 items.

disagrees with each item. The authors understand aggression as

Statistical analysis

The data were transformed into a data matrix, where only
relevant data were kept. One participant was excluded from the
study, due to corticosteroid medication. Overall, the analysis was
performed on 149 participants.

We selected five dependent variables, which we assumed to
reflect a driver’s tendency toward aggressive behaviour:
Caused an accident —scored as 1 if the driver reported having
caused an accident during in the last five years and 0 if not.
Driving license taken away — scored as 1 if the driver reported
having his driving license taken away at any time in the past

The respondent agrees or 2.

a complex phenomenon, so the inventory contains a number of and 0 if not.

Tab. 1. Results of binomial logistic regression model for the dependent variable ‘Caused an
accident’. None of the factors or factor interactions was found to have a significant effect on
whether or not the participant reported having caused an accident.

3. Court trial — scored as 1 if the driver
reported having been subjected to a court
trial because of a legal offense of any kind
and 0 if not.

b+95% CI SE of b Wald test P 4. Intoxicated driving — scored as 1 if the
intercept _ -0.33543273  1.670  0.040  0.841 driver reported having driven intoxicated by
physical aggression 0.120+0.226 0.115 1.084 0.298 any drue at any time in the past and 0 if not
irritability 20.02340.337  0.172 0018  0.893 y drug atany p -+ not.
sensation seeking 20.005£0.061  0.031  0.030  0.863 5. Sporty self-report — scored as 1 if the
general emotional lability 0.22240.359 0.183 1.462 0.227 driver self-reported to be a ‘dynamic/sporty’
trafﬁc—speciﬁc emotional lablllty —0.315+0.454 0.232 1.849 0.174 driver and 0 ifreported as a ‘cautious/con-
reactance —0.158+0.258 0.132 1.440 0.230 . > 1
cortisol 1079041580 0.806 0961  0.327 siderate” driver. , ,
TST-actual 1.803+7.699 3928 0211  0.646 We explored, which of the following
TST-change ~0.003+0.008 0.004 0.508 0.476 biological and psychological factors could
TST-actual*cortisol 0.414+3.211 1.638 0.064 0.800 predict the dependent variables with a statis-
TST-actual*general emot]onal le}blllty 3 —0.216+0.781 0.399 0.295 0.587 tically significant accuracy. The biological
TST-actual*traffic-specific emotional lability 0.472+1.078 0.550 0.737 0.391 fact TST- / | testost
TST-actual *reactance ~0.17240.551 0281 0375  0.540 actors were TST-actual (actual testosterone
TST-actual*irritability ~0.575+0.854 0436  1.741  0.187 level measured before testing), and cortisol
TST-actual*sensation seeking 0.096+0.157 0.080 1.425 0.233 (actual cortisol level measured before test-
TST-actual*physical aggression —0.092+0.451 0.230 0.158 0.691 ing). The psychological factors were gen-
Tab. 1S. Descriptive data for measured variables.

BDII physical BDI3 SSS Overall TVP Emotional TVP Emotional TVP TST  Cortisol
aggression iritability lability general  lability traffic specific ~reactance In In

mean (data centered) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SD 2.6829 2.1083 10.3698 2.6415 2.1292 2.3375 0.505 0.354
min —3.8658 —4.2463 —23.5503 -3.5638 -3.3758 —4.4362 -1.383 -0.901
max 6.1342 5.6537 30.4497 4.4362 4.6242 3.5638 1.231 0.794

Data are centered. BDI — Buss-Durkee aggression inventory, TVP — Inventory of traffic-relevant personality characteristics, SSS — Sensation seeking scaled, TST — testos-

terone, SD — standard devation, min — minimal value, max — maximal value
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eral emotional lability (subscale from the TVP questionnaire),
traffic-specific emotional lability (subscale from the TVP question-
naire), reactance (subscale from the TVP questionnaire), tendency
to physical aggression (subscale from the B-D-I questionnaire),
irritability (subscale from the B-D-I questionnaire), and tendency
to sensation seeking (overall score in the SSS questionnaire).
Due to the extreme skewness of the biological data, the vari-
ables TST-actual and cortisol were transformed using a natural
logarithm (Supplementary Table 1S). Ten values from the log-
transformed 7ST-actual and two values from the log-transformed
cortisol variables were removed as outliers based on the Tukey
1.5xIQR rule. Dependent variables contained missing data: 5
values in caused an accident, 18 values in driving license taken
away, 18 values in court trial and 18 values in intoxicated driving.
Five binomial logistic models were planned to be employed,
one for each dependent variable. In the models, which were suc-
cessfully constructed, the alpha level was always set to be 0.05
and no p-value corrections were applied. Besides including the
main effects of the stated factors, we also expected interactions
of several factors, so we also included the following interactions:
TST-actual*cortisol, TST-actual*general emotional lability, TST-
actual*traffic-specific emotional lability, TST-actual*reactance,
TST-actual*physical aggression, TST-actual*irritability and TST-
actual*sensation seeking. Factors were introduced to the model
by the entry method. All the factors, both biological and psycho-
logical, were centred by subtracting their mean before being in-
cluded into the model so that the intercept reflects, hyperbolically
speaking, a young adult male with an average testosterone level,
average cortisol level, average self-control and average domi-
nance. If a meaningful relationship was discovered, a series of
customised exploratory analyses were employed, such as model

Tab. 2. Results of binomial logistic regression model for the dependent variable ‘Intoxicated
driving’. Significance is denoted as follows: * denotes p < 0.05, ** denotes p < 0.01.

contraction with the aim of assessing how much additional vari-
ability is explained if a biological measure is added to a psycho-
logical one.

Results

Prediction of ‘Caused an accident’

The binomial logistic model using stated factors and factor
interactions to predict whether the participant reported having
caused an accident was found to be statistically insignificant, y*(16)
=10.901, p=0.816, explaining only 17.1 % (Nagelkerke R?) of the
dependent variable’s variance while correctly classifying 15.0 % of
respondents, who reported having caused an accident and 97.3 %
of respondents, who did not. For detailed results (Tab. 1).

Prediction of ‘Driving license taken away’and ‘Court trial’

The analyses could not be carried out because, out of 131 par-
ticipants, who answered the questions, only two reported having
had their driving license taken away in the past and only six re-
ported having been subject to a court trial due to a legal offense.
Therefore, these analyses were omitted (Supplementary Table 2S).

Prediction of ‘Intoxicated driving’

The binomial logistic model was found to be statistically
highly significant, ¥*(16)=36.145, p=0.003, explaining 48.8 %
(Nagelkerke R?) of the dependent variable’s variance and cor-
rectly classifying 60.0 % of participants, who reported driving
while intoxicated and 88.5 % of those, who did not report this.
The results showed several significant relationships. The higher
tendency to sensation seeking was positively associated with the
reported experience with driving as intoxicated. The opposite con-
nection was found for 7ST-actual, i.c. lower
testosterone concentrations were connected
to a higher likelihood of reporting driving as
intoxicated. Interestingly, a positive interac-

5+95% CI SE of b Wald test P tion effect of sensation seeking*TST-actual
Intercept ) —8.182+5.158 2.632 9.667  0.002** was also found, suggesting that the positive
physical aggression 0.130+0.254 0.130 1.003 0.317 . .. .
irritability 02040422 0215 0.894 0.345 effect of sensation seeking is stronger if the
sensation seeking 0.088+0.081 0.041 4.544 0.033%* testosterone concentration is higher. Addi-
general emotional lability 0.337+0.422 0.216 2.450 0.118 tionally, a significant negative main effect
traffic-specific emotional lability 0.030+0.493 0.251 0.014 0.905 of TST-change was found, suggesting that
reactance 0.2680.328 0.167 2.573 0.109 a greater decrease in the testosterone level
cortisol —0.180+1.852 0.945 0.036 0.849 . L. . .
TST-actual ~14.553£13.029  6.648 4793  0.029% during testing is connected with a higher
TST-change —0.0110.010 0.005 4.870 0.027%* likelihood of reporting intoxicated driving.
TST-actual*cortisol 6.134+4.601 2.347 6.830 0.009%* Fina]]y’ our results also suggesta signiﬁcant
TST-actual*general emf)tlonal la.blhty y 0.479+0.935 0.477 1.009 0.315 positive interaction of TST-actual *cortisol.
TST-actual*traffic-specific emotional lability 0.225+1.203 0.614 0.134 0.714 For detailed lts (Tab. 2
TST-actual*reactance ~0.096£0.739 0377 0065  0.799 or detailed results (Tab. 2).
TST-actual*irritability 0.384+0.973 0496  0.600  0.439 The model containing sensation seek-
TST-actual*sensati on seeking 0.283+0.248 0.127 5.012 0.025%* ing only was significant, ¥*(1)=6.092, p=
TST-actual*physical aggression —0.577+0.664 0.339 2.905 0.088

0.014, and explained 9.1 % (Nagelkerke R?)

Tab. 2S. The frequency of self-reported events.

Type of driver (self-report) Caused an accident ~ Driving license taken away ~ Court trial ~ Driving intoxicated
agile, sporty 81 Yes 31 2 6 43
careful, respectful 68 No 113 129 125 88
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Tab. 3. Results of binomial logistic regression model for the dependent variable ‘Sporty self-
report’. Significance is denoted as follows: * denotes p < 0.05, ** denotes p < 0.01.

quences on public health and safety. Al-
though the number of traffic crashes with

b+95% CI SE of b Wald test p fatalities has been decreasing or stagnat-
intercept —2.530+3.086 1.575 2.580 0.108 ing in most European countries in last 10
physical aggression -0.196+0.219 0.112 3.090 0.079 years, road crashes still account for one
irritability 0.312+0.327 0.167 3.503 0.061 of the most important preventable causes
sensation seeking 0.023+0.053 0.027 0.685 0.408 £ death. Wh ked b i .
general emotional lability 0.024+0.333 0.170  0.020  0.888 ol death. When ranked by specilic ages, in
traffic-specific emotional lability —0.184+0.430 0.220 0.702 0.402 2015, motor vehicle traffic crashes were
reactance 0.351+0.255 0.130 7275 0.007** the leading cause of unintentional injury
cortisol 0.895+1.371 0.700 1.636 0.201 and death among males for every age from
TST-actual —4.358+7.163 3.655 1.422 0.233 5 to 23 years (40). Crash death rates for
TST-change 0.003+0.008 0.004 0.419 0.517 . ¥y !
TST-actual*cortisol 0.985£2.959 1510 0426 0514 drivers under 25 are roughly double than
TST-actual*general emotional lability ~0.780+0.843 0.430 3.290 0.070 those of older drivers. Young men are par-
TST-actuall"::raﬁic-speciﬁc emotional lability 1.050+1.076 0.549 3.660 0.056 ticularly at risk, with death rates of up to
TST-actual*reactance —0.303+0.484 0.247 1.507 0.220 .
TST-actual*irritability 0080:0.716 0365 0048  0g27 e times those of young women. Many
TST-actual*sensation seeking 0.06240.128  0.065 0904 0342 crashes are the result of speeding, and while
TST-actual*physical aggression 0.389:0.460 0.235 2.756 0.097 driving under the influence of alcohol or

of the variability in reported intoxicated driving. The model con-
taining both sensation seeking and actual testosterone, as well as
their interaction, was highly significant, y*(3)=14.283, p=0.003,
and explained 20.4 % (Nagelkerke R?) of intoxicated driving
variability (directions of the effects remain the same as in the full
model reported above).

Prediction of ‘Sporty self-report’

The binomial logistic model predicting whether the participant
self-reported as a sporty/dynamic driver was found to be statisti-
cally significant, ¥*(16)=28.805, p=0.026*, explaining 34.3 %
(Nagelkerke R?) of the self-report variance and correctly classi-
fying 82.4 % of those participants, who self-reported as sporty/
dynamic and 65.9 % of those who self-reported as cautious/con-
siderate. We found a highly significant positive effect of reactance,
suggesting that higher levels of this personality trait are related to
a higher likelihood of self-reporting as a sporty/dynamic driver.
For detailed results see Table 3.

Prenatal testosterone, testosterone change and cortisol con-
centrations

Apart from the results mentioned above, other analysis showed
non-significant differences or change. More specifically, the ra-
tio of 2nd digit to 4th digit as a marker of prenatal testosterone
seemed to be nonsignificant in all the performed analysis. Also, a
change in testosterone between the baseline values and after the
testing at 10:00 AM did not reveal any significant interactions with
the performed analysis. Additionally, apart from an intoxicated
driving, the testosterone cortisol interaction was not significant
in any other analysis.

Discussion

Driving a motor vehicle is one of the most common activities
of adults. However, human driving behaviour has direct conse-

drugs. Young people are over-represented in

single-car and loss-of-control crashes, and

crashes where the driver is turning across oncoming traffic (41).
All these causes relate to (and are defined as) aggressive driving.
TST should have a significant impact on aggressive behav-
iour in adulthood (11, 12). Human studies are suggesting that TST
itself does not directly cause aggressive or anti-social behaviour,
but induces chemical changes in specific neurons, influencing the
likelihood of specific behavioural outcomes as the result of the
modulation of neural pathways in the amygdala and hypothalamus
(42). Also, several studies point towards a weak link between tes-
tosterone and aggressive behaviour, while suggesting testosterone
fluctuations to be more important than its actual concentrations (43).
The experimental findings of Carré and colleagues demonstrated
that TST can rapidly increase an aggressive behaviour, but only
among dominant and impulsive males (23). One of the factors that
makes people behave regularly and persistently in a variety of situ-
ations is personality. Besides other factors, such as beliefs, norms
or motivations, personality traits are said to constitute human per-
sonality. Efforts have been made to explain what ‘lies behind the
behaviour’, or ‘what steers behaviour’ and how can this be measured
with behaviour personality inventories. Arnett et al found that both
dominance and impulsivity are significantly related to aggressive
driving behaviours such as driving 20 mph or more over the speed
limit, racing with another car, passing in ano passing zone or driving
under the influence (32). Also, sensation seeking and aggressiveness
are significantly correlated with adolescents scoring higher than
adults and male adolescents scoring higher than female adolescents
(Arnett, 1996), suggesting that testosterone might play a role (44).
In our study, we aimed to improve the identification of individu-

als, who can be considered as risky drivers. Using binomial models
with dependent variables, i.e. potential outcomes or associations of
risky driving, such as Caused an accident, Driving license taken
away, Court trial, Intoxicated driving and Sporty self-report, we
constructed a model that might help to predict one subtype of the
risky driving, i.e. driving under the influence of alcohol and other
drugs (45). Sensation seeking as a valid personality trait was posi-
tively correlated with intoxicated driving. However, it is interest-
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ing that testosterone was negatively associated with the reported
intoxicated driving, since it is believed that testosterone is linked
with aggressive behaviour. For example, Welker et al found the op-
posite, i.e. a positive correlation with testosterone and aggressive
behaviour, similar to several other studies (46). It is important to note
that growing evidence suggests that testosterone plays amodulating
role in an ‘optimal’ environment. That is, high testosterone levels
can indeed induce aggression, but simultaneously a personality
condition must be met. In our study, volunteers who scored highly
in sensation seeking, higher testosterone also predisposed them to
reporting the intoxicated driving more. This would explain rather
anegative correlation of testosterone and self-reports of driving as
intoxicated. However, without any link to sensation seeking. This
would suggest that without a social predisposition to act aggressive-
ly, the testosterone itself cannot fully explain an aggressive behav-
iour (47). In this context, we found also a significant interaction of
actual testosterone and cortisol that were also positively correlated
with self-reporting of intoxicated driving. This interaction is better
known as a dual-hormone hypothesis. Although some of the studies
point that a high testosterone increase aggression, but only when
cortisol levels are low (48), the high testosterone — high cortisol
interaction has been found as well (49). The latter study suggests
that cortisol affects sensitivity in socially threatening situations.
This means that when under long-term social stress and high cor-
tisol environment, the higher testosterone might induce an aggres-
sive response at higher rate (50). Nevertheless, this interaction was
significant, but quite weak. Similarly, increasing number of reports
emphasize testosterone fluctuations and not actual testosterone to
be responsible foraggressive behaviour (47). We tried to implement
the design of the study to reflect this. The second saliva collection
was performed just when the testing finished during a narrow time
window to reflect diurnal testosterone fluctuations. Nevertheless,
such testosterone change in our study was significant in one of the
self-reported aggressive driving, but the association was weaker,
when compared to actual testosterone. Therefore, according to the
results, and based on the suggestive discovery of an interaction be-
tween the actual testosterone level and sensation seeking, we asked
the question to what extent can intoxicated driving be attributed to
sensation seeking itself and how much more information we can
obtain if the testosterone level is considered as well. To answer this
question, we constructed two contracted binomial logistic models,
one containing sensation seeking only, and the other containing
sensation seeking, the actual testosterone level and their interac-
tion. The latter proved to be highly significant and explained more
of the variability, when compared to the sensation seeking alone
(20.4 % vs 9.1 %, respectively).

This study had some limitations, such as the salivary measure-
ment of testosterone instead of plasma testosterone. Nevertheless,
several authors showed a good correlation between testosterone
levels in saliva and plasma (51, 52). We tried to avoid all common
mistakes such as food or drinks before testing, thus eliminating
variability in saliva by giving clear instructions for saliva collec-
tion (34, 35). Additionally, the aim of this study was to help with
identification of aggressive drivers. Blood collection could repre-
sent a stress, while saliva collection is easy and non-invasive (53).
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Also, the population included males within 2025 years old, i.e. one
age group with the highest testosterone, so these results cannot be
automatically generalized to other age groups. On the other hand,
the 2025 year old age group was considered the riskiest in terms
of aggressive driving, and this is the first study according to our
best knowledge that evaluated biological factors in relation to psy-
chological testing. Indeed, we are aware that some of the analyses
(2 and 3) could not be run because of the small number of partici-
pants with a positive self-reported aggressive/reluctant behaviour.

In conclusion, in this study, we showed that adding testosterone
to the psychological assessment of fitness to drive might improve
the diagnostic accuracy, when added to the psychological testing
alone. At least in some of the predictive models. Indeed, the tes-
tosterone level was useful in explaining aggressive behaviour only
in individuals that were predisposed to act aggressively according
to the Sensation Seeking Scale. Since the reports dealing with the
drivers’history (e.g. crashes, violations, driving license withdrawn)
were based on self-reporting, validating studies including more
drivers from all age groups should be performed.
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