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Goal

 The goal of the current study is to measure the relationship

between cortisol reactivity and the presence of risky driving

behaviors under the influence of alcohol, in young male drivers,

using a driving simulator.

Introduction

3



 Young male drivers are at high risk

of being involved in fatal crashes

Introduction

Road Traffic Crashes

Organisation mondiale de la santé, 2009; Transport Canada, 2011 
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 Studies observed that road traffic crashes are often preceeded by the presence of risky

driving behaviors (RDB) 

 Driving under the influence of alcohol = 30% of fatal crashes

 Speeding = 27% of fatal crashes

 Traffic sign violations = 12% of fatal crashes

Introduction

Risky Driving Behaviors
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17%

6%
4%
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related

Others

Tardif, 2009Transport Canada, 2008; MADD Canada, 2012; Transport Canada, 2007; Transport Canada 2011
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Demographic, psychological and substance use factors

 ♂

 < 25

 Sensation seeking

 Impulsivity

 Antisocial personality traits

 Alcohol, cigarette and drug use

Cortisol reactivity and risky driving behaviors : An objective psychobiological risk factor

Definition: Physiological response to stress, variable between individuals, measureable using cortisol, one of 
the stress axis hormones.

 Low cortisol reactivity was strongly associated with frequency of past DUI convictions

 Cortisol reactivity was more strongly associated with passed DUI convictions than other factors

 Cortisol reactivity was significantly lower in DUI-recidivists compared with non-DUI control group

 Low cortisol reactivity was associated with higher crash and near-crash rates during the first 18 months of 
licensure

Introduction

Factors Associated with Risky Driving

Behaviors

Brown et al., 2005; Couture et al., 2008; Donovan & Marlatt, 1982;Nochajski et al., 1994; Nochajski & Stasiewicz, 2002; Ouimet et al., 2014; Zuckerman & 

Link, 1968 6



 The current study aims to expand our knowledge regarding

cortisol reactivity and RDB, by observing driving behaviors of

young male drivers, under the influence of alcohol, using a

driving simulator

 1st study to combine cortisol reactivity, driving behaviors and

alcohol consumption

 Driving behaviors observed in the current study are:

 Decision to DUI

 Speed

 Traffic-sign violations 

Relevance 
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This study examines the relationship between stress response and

RDB under the influence of alcohol in young male drivers. It was

hypothesized that low cortisol reactivity is associated with increased

RDB under the influence of alcohol in young male drivers.

Hypothesis
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Methods

Participants and Dependent Variable

Participants

N = 40 healthy male drivers aged 20 - 24 years old and living in greater Montreal

Dependent variable : Risky driving behaviors under the influence of alcohol
(the data for the dependent variable was obtained from a larger study)

1) Alcohol consumption

2 doses randomly assigned to the participants (45 g/kg or 65 g/kg)*

2) Baseline driving simulation under the influence of alcohol

Score for speed

Score for traffic sign-violations

3) Self-assessment of the blood alcohol concentration (BAC)

Participants randomly assigned to use or not a feedback device, programmed to indicate that their BAC was 

above the legal limit*

4) Decision to drive or not a 2nd simulation under the influence of alcohol

Score for decision to DUI

* Alcohol dose and use of feedback device are variables from the larger study that we controlled in the analysis
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Risky Driving Behavior Under the Influence of Alcohol

Speed

Average speed during the first simulation

+

Traffic sign violation

3 points by infraction for stop signs and traffic light violations during the first 
simulation

+

Decision to DUI:  

15 mins wait and 15 mins ride as a passenger = 0 points

Drive 2 minutes and 15 mins ride as a passenger = 4 points

Drive the entire 2nd simulation (approx. 15 mins) = 15 points

* Higher scores = riskier driving behaviors

Methods

Dependent Variable Measurement
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Independent variable : Cortisol Reactivity
(Cortisol reactivity was measured during a 2nd visit at the lab)

A stress induction task, the Trier Social Stress Test was used to measure salivary cortisol
reactivity

1) 30 minutes of rest

2) 10 minute task in front of evaluators combining oral communication and arithmetic task with 
time constraint

3) 60 minutes of rest

8 salivary cortisol samples were obtained  at 15 minute intervals before and after the task

courbe des échantillons de cortisol salivaire entre la mesure de base (30 
minutes après l’arrivée) et la fin de la journée

Methods

Independent Variable

C
O

R
T

IS
O

L

Arrival and rest (t1)      rest (t2)           stress task(t3)          rest (t4)             rest (t5)                 rest (t6)                rest (t7)      departure (t8)     

Kirschbaum, 2010; Kirschbaum, Pirke, & Hellhammer, 1993; Kudielka et al., 2004; Salivette®; Tyrka et al., 2007 11



Cortisol Reactivity Measure

Area under the curve between t3 and t8

AUCg= ((c4+c3)/2*t3)+((c5+c4)/2*t4)+((c6+c5)/2*t5)+((c7+c6)/2*t6)+((c8+c7)/2*t7)

C = cortisol; T = time interval between 2 samples

Methods

Independent Variable Measurement
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Cortisol Reactivity

Arrival and rest (t1)      rest (t2)           stress task(t3)          rest (t4)             rest (t5)                 rest (t6)                rest (t7)      departure (t8)     

Brown et al., 2005; Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004; Pruessner et al., 2003; Tyrka et al., 2007
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Partial Correlation Analysis

To measure the correlation between cortisol reactivity and the presence of risky driving

behaviors after alcohol consumption, while controlling two variables from the larger study

that were randomly assigned

Controlled variables

1) Alcohol dose 

2) Use of feedback device 

Methods

Statistical Analysis
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Results

Partial correlation p dl n

-0,341 0,036 36 40

Log Cortisol Reactivity

After controlling for 1) alcohol dose and 2) use of feedback device, we found a

significant inverse correlation between cortisol reactivity and presence of risky driving

behaviors under the influence of alcohol
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 Low cortisol reactivity is associated with increased risky driving behaviors under the influence of alcohol

 Results are congruent with previous studies 

 Low cortisol associated with frequency of past DUI convictions

 Low cortisol associated with higher crash and near-crash rates

 Cortisol reactivity = Objective psychobiological risk factor associated with different RDB

 Drivers with low cortisol reactivity (low stress response) may not perceive dangers the same way than

other drivers

 A better understanding of high-risk drivers could enable the development of more personalized 

intervention tools 

 E.g., Monitoring risky driving behaviors using in-vehicle feedback technologies

 Effective at reducing RDB with young drivers

 Future studies could test this intervention with young drivers with low cortisol reactivity

Discussion

Brown et al., 2005; Carney, McGehee, Lee, Reyes, & Raby, 2010; Couture et al., 2008; Farmer, Kirley, & McCartt, 2010; Green Road in-vehicle feedback;

McGehee, Raby, Carney, Lee, & Reyes, 2007; Musicant & Lampel, 2010; Ouimet et al., 2014; Prato, Toledo, Lotan, & Taubman - Ben-Ari, 2010; Simons-Morton et al., 2013; 
15



Chaire de recherche en toxicomanie de 

l’Université de Sherbrooke

 Research directors: Marie Claude Ouimet and Élise Roy

 Lab research assistants

 Research project funding agencies
 Programme de recherche universitaire en sécurité routière FQRSC, SAAQ, FRSQ

 CIHR team in transdisciplinary studies on driving while intoxicated

 Scholarship funding agencies 
 CIHR team in transdisciplinary studies on driving while intoxicated

 Centre de recherche - Hôpital Charles-LeMoyne

 Réseau de recherche en sécurité routière

 Chaire de recherche en toxicomanie de l’Université de Sherbrooke

 Centre de réadaptation en dépendance de Montréal – Institut Universitaire

 Auto 21

Special Thanks

Programme de recherche en sécurité 

routière FQRSC-SAAQ-FRSQ 16



References

Brown, T. G., Gianoulakis, C., Tremblay, J., Nadeau, L., Dongier, M., Ying Kin, N. N., . . . Ouimet, M. C. (2005). Salivary cortisol: A predictor of convictions for driving under the influence of 

alcohol. Alcohol and Alcoholism, 40(5), 474-481.  

Carney, C., McGehee, D. V., Lee, J. D., Reyes, M. L., & Raby, M. (2010). Using an event-triggered video intervention system to expand the supervised learning of newly licensed adolescent 
drivers. American Journal of Public Health, 100(6), 1101-1106.  

Couture, S., Brown, T. G., Ouimet, M. C., Gianoulakis, C., Tremblay, J., & Carbonneau, R. (2008). Hypothalamic-pituitary-adrenal axis response to stress in male DUI recidivists. Accident 

Analysis & Prevention, 40(1), 246-253.  

Donovan, D. M., & Marlatt, G. A. (1982). Personality subtypes among driving-while-intoxicated offenders: Relationship to drinking behavior and driving risk. Journal of Consulting and 

Clinical Psychology, 50(2), 241-249.  

Farmer, C. M., Kirley, B. B., & McCartt, A. T. (2010). Effects of in-vehicle monitoring on the driving behavior of teenagers. Journal of Safety Research, 41(1), 39-45.  

Kirschbaum, C. (2010). Trier social stress test. In I. P. Stolerman (Ed.), Encyclopedia of psychopharmacology (pp. 1346) Springer Berlin Heidelberg.  

Kirschbaum, C., & Hellhammer, D. H. (1994). Salivary cortisol in psychoneuroendocrine research: Recent developments and applications. Psychoneuroendocrinology, 19(4), 313-333.  

Kudielka, B. M., Buske-Kirschbaum, A., Hellhammer, D. H., & Kirschbaum, C. (2004). HPA axis responses to laboratory psychosocial stress in healthy elderly adults, younger adults, and 
children: Impact of age and gender. Psychoneuroendocrinology, 29(1), 83-98.  

McGehee, D. V., Raby, M., Carney, C., Lee, J. D., & Reyes, M. L. (2007). Extending parental mentoring using an event-triggered video intervention in rural teen drivers. Journal of Safety 

Research, 38(2), 215-227.  

Mothers Against Drunk Driving [MADD] Canada. (2012). Conduite avec facultés affaiblies: Aperçu.  

Musicant, O., & Lampel, L. (2010). When technology tells novice drivers how to drive. Transportation Research Record: Journal of the Transportation Research Board, 2182(1), 8-15.  

Nochajski, T. H., Miller, B. A., & Parks, K. A. (1994). Comparison of first-time and repeat DWI offenders. Annual Meeting of the Research Society on Alcoholism, Maui, Hawaii. 18-23.  

Nochajski, T. H., & Stasiewicz, P. R. (2002). DWI offenders, antisocial personality and motivational interviewing. Alcoholism: Clinical and Experimental Research, 26, 212.  

Organisation mondiale de la Santé [OMS]. (2009). Rapport de situation sur la sécurité routière dans le monde : Il est temps d’agir. Genève: World Health Organization.  

Ouimet, M. C., Brown, T. G., Guo, F., Klauer, S. G., Simons-Morton, B. G., Fang, Y., . . . Dingus, T. A. (2014). Higher crash and near-crash rates in teenage drivers with lower cortisol 

reactivity: An 18-month longitudinal, naturalistic study. JAMA Pediatrics.  17



References

Prato, C. G., Toledo, T., Lotan, T., & Taubman - Ben-Ari, O. (2010). Modeling the behavior of novice young drivers during the first year after licensure. Accident Analysis & Prevention, 42(2), 

480-486.  

Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., & Hellhammer, D. H. (2003). Two formulas for computation of the area under the curve represent measures of total hormone concentration 

versus time-dependent change. Psychoneuroendocrinology, 28(7), 916-931. 

Simons-Morton, B. G., Bingham, C. R., Ouimet, M. C., Pradhan, A. K., Chen, R., Barretto, A., & Shope, J. T. (2013). The effect on teenage risky driving of feedback from a safety monitoring 

system: A randomized controlled trial. Journal of Adolescent Health, 53(1), 21-26.  

Tardif, F. (2009). Les infractions et les sactions reliées à la conduite d'un véhicule: 1999-2008. ( No. 978-2-550-57647-1).Direction des études et des stratégies en sécurité routière.  

Transport Canada. (2007). Intersection-related crashes in canada: Driver characteristics and casualty Trends. 

Transport Canada. (2008). Alcohol-related crashes in Canada: Driver characteristics and casualty trends. Transport Canada. (2008). Un bref aperçu des accidents de la route liés à l’alcool au 

Canada.  

Transport Canada. (2008). Une brève analyse des accidents causés par la vitesse excessive au Canada.  

Transport Canada. (2011). Sécurité routière au Canada.. 

Transport Canada. (2011). Statistiques sur les collisions de la route au Canada en 2009. 

Tyrka, A. R., Wier, L. M., Anderson, G. M., Wilkinson, C. W., Price, L. H., & Carpenter, L. L. (2007). Temperament and response to the trier social stress test. Acta Psychiatrica Scandinavica, 
115(5), 395-402.  

18



Thank you for your attention!

laila.el.amrani@usherbrooke.ca

19


