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ABSTR ACT: Driving while impaired (DWI) is a grave and persistent high-risk behavior. Previous work demonstrated that DWI recidivists had attenuated
cortisol reactivity compared to non-DWI drivers. This suggests that cortisol is a neurobiological marker of high-risk driving. The present study tested the
hypothesis that this initial finding would extend to first-time DWI (fDWI) offenders compared to non-DWI drivers. Male fDWI offenders (n = 139)
and non-DWI drivers (n = 31) were exposed to a stress task, and their salivary cortisol activity (total output and reactivity) was measured. Participants
also completed questionnaires on sensation seeking, impulsivity, substance use, and engagement in risky and criminal behaviors. As hypothesized, fDWI
offenders, compared to non-DWI drivers, had lower cortisol reactivity; fDWI offenders also showed lower total output. In addition, cortisol activity was the
most important predictor of group membership, after accounting for alcohol misuse patterns and consequences and other personality and problem behavior
characteristics. The findings indicate that attenuated cortisol activity is an independent factor associated with DWI offending risk at an earlier stage in the
DWI trajectory than previously detected.
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Introduction

Road traffic crashes represent the ninth leading contributor
to the global burden of disease and injury.1 Driving while
impaired (DWI) with alcohol accounts for about one-third of
crashes in North America.2 Each successive DWI offense significantly increases the hazard to road safety.3 Nevertheless,
DWI is a persistent behavior with approximately one-third to
half of drivers rearrested for DWI within a five-year period.4,5
Detecting elevated risk for DWI is a strategic prevention priority for most licensing authorities, especially after the first
offense. Unfortunately, an incomplete understanding of the
underpinnings of DWI behavior significantly complicates this
task.6 While alcohol misuse is a sentinel feature of DWI, several observations make clear that neither alcohol use diagnosis
nor intake severity is a sufficient precondition for explaining most DWI events: (a) not all drivers with an alcohol use
disorder engage in DWI; (b) most drivers who commit DWI
are not suffering from alcohol use disorder; and (c) blood
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alcohol levels at the time of arrest do not predict future DWI
risk.7–9 Hence, DWI research is increasingly looking to other
factors that in combination with alcohol misuse could better
explain DWI risk.
The hypothalamic–pituitary–adrenal (HPA) axis is activated following psychological, physical, pharmacological, or
neuroendocrinological stress.10 The hypothalamus releases
corticotrophin-releasing hormone (CRH), which in turn triggers the release of adrenocorticotropic hormone (ACTH) from
the anterior pituitary gland. ACTH stimulates the secretion of
cortisol from the adrenal cortex.11 Cortisol is, thus, considered
a stress hormone and a neurobiological marker of HPA axis
activity that can be easily measured in saliva. Salivary cortisol
activity shows considerable variation in response magnitude
across individuals, situations, or stress tests.12 Significant sex
differences have been also found. While cortisol activity has
generally been found not to vary by age, slightly higher levels
in older individuals have been observed.12–14
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Cortisol activity, measured as either total output (ie,
assessed by the area under the cortisol output curve with
respect to ground; AUCG) or reactivity (ie, change in cortisol
levels from baseline in response to stress), has been associated with behaviors relevant to DWI offending. For example,
lower AUCG has been associated with increased risk taking.15
Attenuated cortisol reactivity to stress, on the other hand,
has been observed in children with conduct disorder16 and in
individuals who exhibit substance use disorder,17 resistance
to treatment,18 early onset alcohol misuse,19 greater sensation
seeking, 20 and criminal behavior.21
Risk taking, substance misuse, elevated sensation seeking, and intervention refractoriness are characteristics frequently seen in DWI offenders.22–25 In DWI recidivists, our
research group26 found that cortisol reactivity was inversely
and independently correlated to the number of previous
DWI convictions after potential confounding demographic
and behavioral variables (eg, young age, nicotine intake, and
alcohol misuse) were accounted for. In a follow-up study that
included a standardized stress protocol and a control group,
we27 confirmed that DWI recidivists show attenuated cortisol
reactivity to stress compared to non-DWI controls. In sum,
these findings suggest that neurobiological processes that have
been linked to other forms of risk-taking behavior are contributing to DWI as well.
Whether attenuated cortisol reactivity is also a feature in first-time DWI (fDWI) offending was not directly
addressed in our initial studies. Moreover, other distinct
measures of cortisol activity linked to risky behavior, such
as AUCG, were not assessed. Testing fDWI offenders
and non-DWI drivers using multiple measures of cortisol
activity could further elucidate the putative neurobiological underpinnings of DWI behavior at an early stage in the
DWI trajectory when accurate risk assessments and effective
prevention programs are most critical. Therefore, this study
tested the hypothesis that fDWI offenders compared to nonDWI drivers show lower cortisol reactivity and AUCG when
exposed to a standardized stress task. Exploratory analyses
compared the independent contribution to prediction of
group membership between measures of cortisol activity and
other common correlates of DWI, 22,23 including frequency
of alcohol misuse, family history of alcohol problems, and
sensation seeking, impulsivity, and engagement in other
risky and criminal behaviors.

Material and Methods

The study was conducted at the Addiction Research Program
of the Douglas Hospital Research Centre in Montreal,
Canada, and approved by the Research Ethics Boards of the
Douglas Mental Health University Institute, McGill University, and the Association of Quebec’s Public Addiction
Treatment Centres. This research complied with the principles of the Declaration of Helsinki. The data presented in the
current manuscript were collected as a part of a larger study
26
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into neurobiological markers of the transition from fDWI to
DWI recidivist status.
Recruitment. The sample of fDWI offenders was
recruited through multiple channels, including: (1) newspaper advertisements, (2) posters and invitation letters displayed
in public addiction treatment centers designated to conduct
DWI relicensing evaluations, (3) posters and invitation letters displayed at three branches of the company certified to
install mandated interlock devices, and (4) invitations for
study participation in correspondence from Quebec’s licensing authority to DWI drivers. The sample of non-DWI drivers was recruited via newspaper advertisements and word of
mouth. General study inclusion criteria were: (i) being 18–44
years old and (ii) possessing a minimum of sixth-grade education. The specific inclusion criterion for fDWI offenders
was having experienced one DWI conviction within the past
24 months but none in the 10 years preceding that conviction. For non-DWI drivers, the specific inclusion criterion
was holding a valid driver’s license without history of DWI
arrests. General exclusion criteria were: (i) female sex; (ii)
medical conditions or medication use precluding safe and
unbiased participation; (iii) being under the influence of
alcohol or drugs at the time of testing; and (iv) in alcohol
withdrawal. Two participants found to have blood alcohol
concentration higher than 0.01% on the testing day were
rescheduled and successfully tested on another day.
Procedures. Participants were assessed over two sessions
on separate days and were asked to stop drinking alcohol the
night before each session. The initial session involved obtaining informed consent, assessing vital signs and symptoms of
alcohol withdrawal using the Clinical Institute Withdrawal
Assessment for Alcohol Scale (CIWA28), and administrating
questionnaires. The second session involved cortisol assessment. In preparation for the cortisol session, participants were
asked to stop alcohol use the night before the session and to
refrain from drinking coffee on the morning of the cortisol session. The session started at 11:00 with a Breathalyzer® test to
confirm abstinence from alcohol, followed by a standard lunch
and an opportunity to take a last cigarette break, if needed. A
90-minute rest period ensued during which participants could
read from a selection of neutral content magazines and/or watch
a documentary film. Then, nine salivary cortisol samples were
collected at approximately 15-minute intervals. A 10-minute
cognitive stress task, which involved an arithmetic quiz with
a time constraint and competitive monetary incentive,27 was
administered between the third and fourth samples.
Measures. Sociodemographic characteristics. Sociodemographic information was acquired from responses on the
Addiction Severity Index (ASI 29). Data on age of licensure
and number of kilometers driven in the past one and five years
were collected via self-report.
Personality traits. Sensation-seeking tendencies were
measured with the Sensation Seeking Scale – Form V (SSSV30) that yields four subscale scores: thrill and adventure

Cortisol in DWI

seeking, experience seeking, boredom susceptibility, and disinhibition. The SSS-V has shown convergent validity with the
ZKPQ Impulsive Sensation Seeking subscale with correlations of 0.49 for thrill and adventure seeking, 0.61 for experience seeking, 0.43 for boredom susceptibility, and 0.51 for
disinhibition. The reported internal consistency coefficients
(Cronbach’s alpha) were 0.80 for thrill and adventure seeking,
0.75 for experience seeking, 0.76 for boredom susceptibility,
and 0.80 for disinhibition.31 The Barratt Impulsivity Scale
version 11 (BIS-1132) provides three second-order subscale
scores: attentional impulsiveness, motor impulsiveness, and
non-planning impulsiveness. BIS-11 showed good convergent
validity, with significant correlations with a variety of dimensionally related self-reported questionnaires. Its reliability
was supported by the analysis of internal consistency (Cronbach’s alpha = 0.83) and test–retest reliability (Spearman’s
rho = 0.83).33
Substance use. The Alcohol Use Disorders Identification
Test (AUDIT34) and the MacAndrew Alcoholism Scale –
Revised (MAC-R 35) provided information concerning alcohol
abuse and dependence consequences and diagnosis, and drinking patterns, as well as personality features (eg, disinhibition)
frequently related to substance abuse. Convergent validity of
the AUDIT with the Michigan Alcoholism Screening Test was
r = 0.61 and with the Diagnostic and Statistical Manual of Mental Disorders – fourth edition (DSM-IV) criteria was r = 0.43.34
Similarly, the test–retest reliability (0.87–0.95) and the internal consistency (0.75–0.97) are adequate.36 A meta-analysis
estimated the MAC-R sensitivity at 0.70 and the specificity at
0.74.35 The test–retest reliability was r = 0.63, and the internal
consistency was 0.56.37 Alcohol problems in grandparents and
parents were determined using the family history section of
the ASI.29 The Timeline Followback (TLFB) assessed days of
heavy alcohol use (more than five standard drinks per occasion).38 This procedure has been found to have good validity
and test–retest reliability (typically around r . 0.85).39 The
Drug Abuse Screening Test-20 (DAST-20) measured drug
abuse-related problems in the previous 12 months.40 Its internal consistency was estimated at 0.74–0.95 and test–retest reliability at 0.78.41 The average number of cigarettes smoked per
day was measured using the smoking section of the Health
Quebec Questionnaire.42 The Breathalyzer (Alco-Sensor IV;
AlcoPro, Inc.) instrument was used to detect and potentially
reschedule participants from undergoing cortisol testing if
blood alcohol concentration was $0.01.
Other risky and criminal behaviors. Frequency of engagement in 19 risky driving maneuvers (eg, overtaking other vehicles) was measured in the last year of driving using the ACR
questionnaire (Analyse des Comportements Routiers/Driving
Behaviour Analysis). The ACR was found to possess internal
consistency ranging from 0.88 to 0.92 and concurrent validity
with documented driving infractions.43 The number of nonDWI major driving convictions and criminal arrests since age
18 years was obtained from the legal section of the ASI. The

ASI questionnaire has established convergent, predictive, and
discriminant validity and test–retest reliability.29
Salivary cortisol. Participants’ salivary cortisol was collected using cotton swabs that were centrifuged and assayed
with an Amerlex radioimmunoassay kit (Catalogue number
8758401; Ortho-Clinical Diagnostics, Inc., Rochester, New
York). Sensitivity of assay is 0.1 µg/100 mL, and intra-assay
and inter-assay coefficients of variation were 4.3 and 7.7%.
Cortisol activity was assessed via two measures. The total
cortisol output was operationalized by the AUCG44 using
all nine cortisol samples. In addition, as cortisol reactivity to
stress typically peaks 15 minutes after stress task exposure and
in line with our previous work, 27 we also calculated a single
cortisol reactivity score for each participant as follows: cortisol
level at 15 minutes post-stress task (sample 5) – pre-task cortisol level (sample 3).
Analysis. Missing data. Participants who provided four
or more samples with inadequate saliva (for cortisol extraction) were excluded from the analysis (nine fDWI, one nonDWI). A total of 15 fDWI offenders and 1 non-DWI driver
included in analyses had missing data points for saliva samples
(4 fDWI offenders had two or three missing samples, and the
rest had one missing sample). Replacement values for missing data points were estimated using individual growth curve
analyses.45 One missing data point for kilometers driven
during past five years and one for age of licensure were not
replaced.
Group comparisons. Characteristics of fDWI offenders
and non-DWI drivers were compared using independent
samples t-tests, Mann–Whitney U test, and Pearson’s chisquared test. Separate ANOVAs compared fDWI offenders and non-DWI drivers on cortisol reactivity and cortisol
AUCG. ANCOVA was also used for controlling factors
such as age, alcohol, and nicotine consumption that have
previously been shown to have an acute impact on cortisol.17
To verify the influence of unequal sample sizes, separate
ANCOVAs using either Type II or III sum of squares were
conducted. Both methods produced equivalent results. Nevertheless, since Type II sum of squares is generally considered
preferable for ANCOVA with unbalanced sample sizes (eg,
Ref. 46), the results from these analyses are presented. Finally,
we used stepwise logistic regression to parsimoniously model
independent characteristics (ie, sociodemographics, personality, substance use, risky and criminal behaviors, and cortisol) distinguishing between fDWI offender and non-DWI
driver groups.
Alpha for inferences. To minimize Type I error in testing our main hypothesis (ie, for associations between group
membership and two different cortisol measures), Bonferronicorrected alpha for inferences was set at #0.025 for each
analysis. In order to avoid Type II error in preparatory correlational analyses or exploratory logistic regression, no corrections to alpha were made. Effect sizes of significant analyses
were presented as partial η2 or r2. Statistical Package for the
SUBSTANCE ABUSE: RESEARCH AND TREATMENT 2015:9
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Social Sciences (SPSS®) version 20.0 software was used for all
analyses.

Results

Sample characteristics and group comparisons. Table 1
summarizes the characteristics of fDWI offenders (n = 139)
and non-DWI drivers (n = 31). fDWI offenders were younger
than the non-DWI drivers (t(168) = −4.32, P , 0.001), younger
at licensure (U = 1574.50, P = 0.018), drove more kilometers during the past five years (U = 1547.00, P = 0.016), scored
higher on thrill and adventure seeking (t(168) = 2.84, P = 0.005),
and experience seeking (t(168) = 2.29, P = 0.023) and disinhibition (t(168) = 2.34, P = 0.021). Moreover, compared to
non-DWI drivers, fDWI offenders were higher on the
AUDIT (U = 1085.50, P , 0.001), MAC-R (t(168) = 2.88,
P = 0.005), days of heavy alcohol use (U = 1047.00, P , 0.001), number of cigarettes consumed per day (U = 1558.00, P = 0.004), and past
major non-DWI driving convictions (U = 1606.00, P = 0.025).

Figure 1 depicts the individual cortisol sampling episodes
of fDWI offenders and non-DWI drivers, as well as average
cortisol reactivity and cortisol AUCG. Analysis indicated
that, in comparison to the non-DWI drivers, fDWI offenders
have lower cortisol reactivity to stress (M = 0.47, SD = 0.86
vs. M = 0.14, SD = 0.33; F(1, 168) = 12.39, P = 0.001, partial η2 = 0.07) as well as lower cortisol AUCG (M = 169.03,
SD = 128.36 vs. M = 66.89, SD = 83.84; F(1, 168) = 30.34,
P , 0.001, partial η2 = 0.15).
We experimentally controlled for the number of
potential acute confounds to cortisol, namely, by screening for recent alcohol consumption with a Breathalyzer
instrument and alcohol withdrawal via the CIWA at the
time of testing, and by restricting smoking and coffee consumption at least 90 minutes before cortisol sampling.
Nevertheless, in order to detect and statistically adjust for
other potential confounders in our analysis of cortisol, we
conducted Spearman rho correlational analyses between

Table 1. Sociodemographic characteristics, personality traits, substance use, risky and criminal behaviors of first-time driving while impaired
offenders (fDWI; n = 139) and non-driving while impaired drivers (non-DWI; n = 31).
FDWI OFFENDERS

NON-DWI DRIVERS

M (%)

SD

M (%)

SD

P

Age

28.32

7.02

34.26

6.43

0.001

Income less than $20 000 CDN

(41.7)

Kilometres driven past 12 months

10,483.42

Kilometres driven past five years

95,010.29

Age at licensure

17.93

Sociodemographics
(35.5)
a

a

13,173.53

11,856.65

16,220.91

87,823.35

73,256.00

100,330.84

0.016

2.56

19.52

3.71

0.018

Personality
SSS-V Thrill and adventure seeking

7.45

2.28

6.06

3.10

0.024

SSS-V Experience seeking

6.40

2.00

5.45

2.45

0.023

SSS-V Boredom susceptibility

2.61

1.89

3.23

2.43

SSS-V Disinhibition

5.28

2.51

4.13

2.35

BIS-11 Attentional impulsiveness

17.45

3.40

16.81

3.30

BIS-11 Motor impulsiveness

22.18

4.02

21.90

6.23

BIS-11 Non-planning impulsiveness

24.73

4.41

23.52

4.61

AUDIT

9.08

7.03

4.42

5.24

0.001

MAC-R

23.81

4.20

21.42

4.15

0.005

Positive family history of alcohol

(44.6)

Heavy alcohol use in past 90 days

10.27

14.25

2.45

6.78

0.001

DAST-20

2.44

3.06

1.68

2.99

Cigarettes/day

5.78

9.38

1.48

5.65

High-risk driving behaviors

61.29

15.77

57.55

15.66

Past non-DWI major driving convictions

3.35

4.37

1.74

2.34

Past non-DWI criminal arrests

1.74

8.19

0.68

1.80

0.021

Substance use

(48.4)

0.004

Risky and criminal behaviors
0.025

Note: an = 138.
Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; BIS-11, Barratt Impulsivity Scale version 11; DAST-20, Drug Abuse Screening Test-20; DWI,
driving while impaired; fDWI, first-time driving while impaired; MAC-R, MacAndrew Alcoholism Scale Revised; SSS-V, Sensation Seeking Scale form V.
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Figure 1. Mean salivary cortisol level (µg/100 ml) before and after the stress task, cortisol reactivity and total cortisol output of first-time driving while
impaired offenders (fDWI; n = 139) and non-driving while impaired drivers (non-DWI; n = 31).
Note: Error bars represent standard errors. The diagonal stripe bar indicate the stress task.

cortisol reactivity, cortisol AUCG, age, age at licensure,
AUDIT score, frequency of heavy drinking days in the past
90 days, DAST-20 score, and average number of cigarettes
consumed per day.17,47 With respect to cortisol reactivity, significant correlations were found with age (rs = 0.19,
P = 0.016), heavy drinking days (rs = −0.20, P = 0.009),
DAST-20 (rs = −0.17, P = 0.027), and number of cigarettes
consumed per day (rs = −0.21, P = 0.007). After controlling for these covariates, ANCOVA revealed that cortisol
reactivity remained significantly lower in fDWI offenders
compared to non-DWI drivers (F(1, 164) = 6.25, P = 0.013,
partial η2 = 0.04). A trend was observed between cortisol
AUCG and age (rs = 0.15, P = 0.051). Controlling for age in
an ANCOVA revealed that cortisol AUCG remained significantly lower in fDWI offenders compared to non-DWI
drivers (F(1, 167) = 24.86, P , 0.001, partial η2 = 0.13). (All
correlations between these variables are provided in Supplementary Table A in the Supplementary File).
Modeling of characteristics of fDWI offenders vs.
non-DWI drivers. We conducted additional analyses to
parsimoniously model group membership using forward
stepwise logistic regression with all variables in Table 1 and
the two cortisol activity measures separately. When using

cortisol reactivity, a significant six-variable model emerged
(χ2(6) = 58.57; P , 0.001; Nagelkerke r 2 = 0.48). At the final
step, fDWI status was associated with younger age, younger
age at licensure, less boredom susceptibility on the SSS-V,
greater alcohol use and severity of consequences, more nicotine intake, and attenuated cortisol reactivity. A one unit
decrease in cortisol reactivity was associated with a 28%
increase in odds of being an fDWI offender. When using cortisol AUCG, a five-variable model emerged (χ2(5) = 60.72;
P , 0.001; Nagelkerke r 2 = 0.49). At the final step, fDWI
status was associated with younger age, less boredom susceptibility on the SSS-V, greater alcohol use and severity of
consequences, more nicotine intake, and attenuated cortisol
AUCG. Table 2 summarizes the regression coefficients, Wald
statistics, and P values in the first and final steps for both cortisol reactivity and cortisol AUCG models.

Conclusions and Discussion

Understanding the trajectory from non-DWI to fDWI status and the nature of DWI risk are ongoing challenges for the
traffic safety research field. Our previous work revealed that
levels of cortisol, a neurobiological marker of HPA axis activity, inversely track increased DWI risk among recidivists.26
SUBSTANCE ABUSE: RESEARCH AND TREATMENT 2015:9
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Table 2. Significant predictors of first-time driving while impaired (fDWI) group membership: results of logistic regression analysis with fDWI vs.
non-driving while impaired drivers (n = 168).
VARIABLES

B (SE)

ODDS RATIO

LOWER 95% CI

UPPER 95% CI

P

0.89

0.84

0.94

,0.001

A. The model with cortisol reactivity
Step 1
Constant

5.11 (1.00)

Age

−0.12 (0.03)

Step 6
Constant

9.28 (2.40)

Age

−0.13 (0.04)

0.88

0.82

0.95

0.002

Age at licensure

−0.20 (0.08)

0.82

0.70

0.97

0.020

SSS-V Boredom susceptibility

−0.47 (0.14)

0.62

0.47

0.82

0.001

AUDIT

0.17 (0.06)

1.19

1.05

1.34

0.007

Cigarettes/day

0.14 (0.06)

1.15

1.03

1.28

0.010

Cortisol reactivity

−1.29 (0.48)

0.28

0.11

0.70

0.007

0.99

0.99

1.00

,0.001

B. The model with cortisol AUCG
Step 1
Constant

2.35 (0.31)

Cortisol AUCG

−0.01 (0.00)

Step 5
Constant

6.50 (1.57)

Age

−0.14 (0.04)

0.87

0.81

0.94

,0.001

SSS-V Boredom susceptibility

−0.34 (0.13)

0.72

0.55

0.92

0.010

AUDIT

0.12 (0.06)

1.13

1.01

1.26

0.036

Cigarettes/day

0.15 (0.05)

1.16

1.05

1.28

0.005

Cortisol AUCG

−0.01 (0.00)

0.99

0.99

1.00

,0.001

Notes: (A) Cortisol reactivity model: Nagelkerke r 2 = 0.16 for Step 1, nagelkerke ∆r 2 = 0.32 for Step 5 (P  0.001). (B) AUCG model: Nagelkerke r 2 = 0.19 for Step 1,
nagelkerke ∆r 2 = 0.30 for Step 5 (P  0.001).
Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; SSS-V, Sensation Seeking Scale form V; AUCG, area under the curve with respect to ground.

The present study sought to assess whether lower cortisol levels
were a feature of fDWI offenders as well. In support of our primary hypothesis, and consistent with our previous study with
recidivists,27 fDWI offenders showed attenuated cortisol reactivity to stress compared to non-DWI drivers – even after controlling for variables that can acutely influence cortisol activity
experimentally by screening for alcohol withdrawal symptoms
and recent alcohol intake using a Breathalyzer; restricting smoking and coffee intake; and statistically, by covarying age, average
daily nicotine intake, and alcohol misuse patterns and severity
of consequences. Importantly, exploratory logistic regression,
which forced personality, substance use, and risky and criminal behavior measures as covariates, revealed a final model in
which cortisol reactivity to stress was the most important predictor of fDWI status. As an indicator of increased DWI risk,
a one unit decrease in cortisol reactivity was associated with a
28% increase in odds of being an fDWI offender.
We also observed that fDWI offenders showed attenuated cortisol AUCG as a measure of total cortisol output. Like
cortisol reactivity, AUCG was a significant predictor of fDWI
status, being one of the variables retained in the final exploratory
30
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logistic regression model. However, compared to cortisol reactivity, its relative contribution to predicting fDWI offender status was more modest. This might be because AUCG aggregates
different HPA axis-related processes (ie, resting, in response to
stress, and downregulation of stress response), with each exhibiting potentially distinct relationships to DWI. Overall, these
results suggest that attenuated cortisol reactivity in response to
stress is an important distinguishing feature of fDWI offenders,
an offender group whose other risky attributes, such as alcohol
misuse and sensation seeking, are more heterogeneous than in
the recidivist samples frequently studied.48 As self-report data
are also vulnerable to error and distortion,49,50 cortisol reactivity shows promise for (i) gaining more unbiased understanding
of the underpinnings of DWI behavior, (ii) developing more
accurate markers of DWI risk, and (iii) suggesting innovative
prevention approaches.
For the moment, the precise role of dysregulation of
the HPA axis in promoting DWI and other problem behaviors remains speculative.51,52 For some drivers, attenuated
cortisol reactivity may be a marker of poor regulatory capacity
over alcohol use.17,53,54 Support for this possibility in fDWI
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emerged by a significant inverse relationship detected here
between cortisol reactivity and risky drinking days in the
prior 90 days (see Supplementary Table A). Alternatively,
a strong cortisol response to stressful events may be involved
in emotional memory encoding and retention, which are both
self-regulatory processes linked to more adaptive behavioral
inhibition and risk avoidance.20,55,56 This latter possibility is
supported by a preliminary longitudinal study with healthy
newly licensed teen drivers.57 It found that attenuated cortisol response to stress was associated with more sustained rates
of risky driving behavior over an 18-month period. In light
of this latter finding, the present results suggest that DWI is
a specific manifestation of a general inability to inhibit and/
or avoid risky behavior. In sum, cortisol is a neurobiological
marker that may be sensitive to multiple plausible mechanisms
of DWI risk. Further research is required to discern the predominant DWI pathways that cortisol activity reflects, and
that could possibly be targeted for intervention.
Limitations. This study possesses a number of methodological strengths. DWI investigations frequently recruit
offenders attending remedial programs, though their representativeness to the DWI population is suspect.58 One strength,
therefore, was its recruitment of a naturalistic sample of offenders drawn from both the general DWI population and drivers involved in Quebec’s DWI relicensing program. Another
strength was the exercise of experimental and statistical control
over factors that could confound cortisol measurement, namely,
age, alcohol intake, smoking, and food intake, among others.
The study also possesses several limitations. The study’s
cross-sectional design cautions against causal inferences about
cortisol activity’s role in the transition from non-offender to
DWI offender status. Research to more unequivocally determine whether cortisol activity predicts the transition from
non-DWI to fDWI status is challenging, however, as DWI
is an uncommon enough behavior to require very large sample sizes. Nevertheless, future longitudinal research could
more pragmatically appraise cortisol activity’s explanatory
potential, and hence infer the causal role of HPA axis dysregulation in DWI behavior, by investigating its relationship
in the transition from fDWI to higher-risk recidivist status.
Also, female DWI offenders were not included in this study,
despite being a group garnering mounting concern among
traffic safety authorities.59,60 Sex effects in the link between
HPA axis and high-risk characteristics have been found.14
Thus, future studies are needed to confirm whether the present findings generalize to female fDWI offenders. Moreover,
experimental rather than statistical control over group characteristics (eg, age) via matching may have strengthened certain conclusions. Finally, the risk of an arrest and subsequent
conviction for DWI is influenced by several individuals (eg,
socioeconomic status) and jurisdictional circumstances (eg,
DWI laws and enforcement practices, availability of alternate
transportation options). Hence, generalization of the findings to (a) the population of all drivers who engage in DWI

behavior and (b) other jurisdictions with significantly different
circumstances than the one where this study was conducted
should be undertaken cautiously.
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