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Background: Alcohol consumption and drink/driving are positively correlated and many
predictors of alcohol use also predict drink/driving. Past research has not fully distinguished the
contributions of personal risk factors from the level of alcohol use in the prediction of drink/driving.
As a result, the extent to which predictors are specific to drink/driving, versus due to a mutual
association to alcohol use, is unclear.

Methods: This study examined the unique and shared risk factors for drink/driving and alcohol
use, and examined the attributable risk (AR) associated with predictors of drink/driving while
adjusting for alcohol use. Study data were from a telephone survey of 3,480 Michigan-licensed young
adults who were drinkers. Four groups of drink/drivers were formed based on the prior 12-month
maximum severity of drink/driving: (1) never drink/driving; (2) driving at least once within an hour of
1 or 2 drinks; (3) driving within an hour of 3 or more drinks or while feeling the effects of alcohol; and
(4) drinking while driving.

Results: Lower perceived risk of drink/driving, greater social support for drinking and drink/
driving, greater aggression and delinquency, more cigarette smoking, and more risky driving behav-
iors uniquely predicted drink/driving severity in models adjusted for alcohol use. The largest ARs
were associated with social support for drinking and drink/driving and perceived risk of drink/driv-
ing.

Conclusions: These results confirm that alcohol use and drink/driving share risk factors, but also
indicate that part of the variation in these factors is specific to drink/driving. Implications for inter-
ventions to reduce drink/driving are discussed.

Key Words: Drink-Driving, Population-Attributable Risk, Young Adults, Risk-Factors, Driving
Behaviour, Alcohol Use.

DRIVING UNDER THE influence of alcohol con-
tributes significantly to the occurrence of motor

vehicle crashes and resulting injuries and fatalities, and is
a serious public health concern. Alcohol-related motor
vehicle crash is defined as involving at least 1 driver or
nonoccupant (e.g., pedestrian, pedalcyclist) who has a
minimum blood alcohol concentration (BAC) of 0.01 g/dL.
In 2004, there were 16,694 alcohol-related crash fata-
lities, representing 39% of all traffic fatalities that year.
Young adult drivers aged from 21 to 24 have the highest
rate of fatal alcohol-related motor vehicle crashes,
accounting for 31% of all such incidents (National High-
way Traffic Safety Administration, 2005). For many years,
reducing the rate of driving under the influence of alcohol
(drink/driving) has been a high priority in transportation
safety, and as a result, rates of drink/driving have

consistently declined. However, this decline has recently
plateaued (Williams, 2006), pointing to the need for a
greater understanding of the characteristics of drink/drivers
so that the effectiveness of programs and interventions to
reduce drink/driving can be increased.

ALCOHOL USE AND DRINK/DRIVING

Alcohol use and drink/driving are positively associated.
Consistent evidence indicates that the level of alcohol con-
sumption is associated with drink/driving and with the
severity of drink/driving outcomes (Escobedo et al., 1995;
Grasmick et al., 1993; Grube and Voas, 1996; Howland
and Hingson, 1987; Lee et al., 1997; McMillen et al., 1992;
Padilla and Morrisey, 1993; Sabel et al., 2004; Treno et al.,
1996). Drink/drivers who are injured in a crash are more
likely than injured nondrink/drivers to perceive that they
have a drinking problem, to have a higher frequency of
intoxication in the month before the crash, and to report a
greater frequency of drink/driving (Vingilis et al., 1994).
Drinking location and, although found inconsistently in

the literature (Gruenewald et al., 1996), beverage type have
been shown to predict drink/driving (Greenfield and
Rogers, 1999; Lee et al., 1997). However, the context of
drinking, specifically drinking location, is a stronger pre-
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dictor in some research than is beverage type or amount of
alcohol consumed, with locations that require transporta-
tion (e.g., restaurants and bars) predicting drink/driving
(Gruenewald et al., 1996). These ecological characteristics
of drinking may seem separate from the individual char-
acteristics that are associated with drink/driving, but may
not be. The same individual characteristics that motivate
drinking patterns may also affect the choice of drinking
venue. Such an association is not investigated in the cur-
rent study, but should be examined more extensively by
future studies.

PERSONALITY-RELATED FACTORS

Personality traits and related factors are associated with
risky driving behaviors (Burns and Wilde, 1995; Iversen
and Rundmo, 2002; Jonah, 1997; Patil et al., 2006;
Ulleberg, 2001), including drink/driving (McMillen et al.,
1991, 1992). Drink/drivers have been found to possess
greater hostility and psychopathic deviance (McMillen
et al., 1991), sensation seeking (Donovan et al., 1985),
and risk taking (McMillen et al., 1992; Patil et al., 2006)
than nondrink/drivers. While this past research provides
an insight into personality characteristics related to drink/
driving, it does little to disentangle the influence of these
characteristics from those of alcohol use on drink/driving.
This study adds clarity to this issue.

PERCEPTION AND ATTITUDES

The influence of personality on driving behavior appears
to be mediated through attitudes and perceptions (Turrisi
et al., 1997; Ulleberg and Rundmo, 2003), and attitudes
toward traffic safety have been found to correlate with
risky driving behavior, including drink/driving (Baum,
2000; Greenberg et al., 2005). Perceptions of the degree of
risk associated with drink/driving, perceptions of peers’
relative approval/disapproval of drink/driving, extent of
self-control over drinking, control over the external envi-
ronment, and willingness to commit driving violations also
predict drink/driving (Donovan, 1993; Donovan et al.,
1985; Greenfield and Rogers, 1999; Grube and Voas,
1996). However, as with personality-related factors,
research has not clarified the role of alcohol use in the
association between expectations and attitudes, and drink/
driving behavior.

PROBLEM BEHAVIORS

Aggressive and deviant behavior, illegal substance use,
and cigarette smoking have all been related to at-risk
alcohol use and drink/driving. Smoking cigarettes and
using drugs has also been shown to be higher among
drink/drivers (Everett et al., 1999). Other factors involved
in this association are likely to include greater risk of inju-
ry due to drink/driving, heavy smoking, heavy alcohol
consumption (Donovan et al., 1985; Shepherd et al., 2004),

and driving anger (Ulleberg, 2001). Greater involvement
with family, community, and school appears to be a pro-
tective factor for teens through their association with low-
er levels of drink/driving and riding with drink/drivers
(Sabel et al., 2004).

DRIVING BEHAVIOR

Research indicates that drink/drivers are less likely than
other drivers to adopt safe driving behaviors, and are more
likely to be risky drivers, even when sober, than are non-
drink/drivers. Higher levels of drink/driving are associated
with lower rates of safety belt use. In addition, drink/driv-
ing is associated with other high-risk driving behaviors,
including speeding, riding with a drink/driver, drug/driv-
ing, and aggressive driving (Bingham and Shope, 2004;
Donovan, 1993; Everett et al., 1999; McMillen et al., 1992;
Patil et al., 2006; Sabel et al., 2004; Shope and Bingham,
2002; Yu et al., 2004).

PURPOSE

The purpose of this study was to distinguish alcohol
consumption from personality, attitudinal, and behavioral
risk factors in the prediction of drink/driving. Sex differ-
ences were examined by estimating the models separately
for men and women. As just reviewed, more alcohol use,
whether measured in amount consumed or patterns (i.e.,
where, when, with whom), is related to more drink/driving
(Gruenewald et al., 1996). Furthermore, many individual
risk factors are associated with both alcohol use and drink/
driving; however, it is unclear to what extent this associa-
tion results from the mutual prediction of drink/driving by
individual risk factors and alcohol use versus confounding
due to the close association between these 2 factors. There
are 3 patterns of association that might occur between
individual characteristics, alcohol use, and drink/driving
(see Fig. 1). The first is an unconfounded association in
which individual characteristics and alcohol use both
independently predict drink/driving (see Fig. 1A). In this
case, the associations between these 2 variables and drink/
driving would be the same when considered in separate
models and together in the same model. The other 2 types
of association could result in confounded results or misin-
terpretations of the associations among these variables.
Partial confounding (Fig. 1B) occurs when individual risk
factors and alcohol use both predict drink/driving, but
part of the association between alcohol use and drink/
driving is due to the association between individual char-
acteristics and drink/driving. In this case, the association
between individual characteristics and drink/driving is
attenuated when alcohol use is in the model. Finally, com-
plete confounding occurs when individual risk factors and
alcohol use both appear to predict drink/driving, but the
association between alcohol use and drink/driving is com-
pletely due to the association between individual risk
factors and alcohol use (see Fig. 1C). In this case, the
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association between alcohol use and drink/driving would
not be significant if individual risk factors are included in
the model. This study examined the risk factors reported
in past research to be associated with both alcohol use
level and drink/driving and attempted to determine the
extent to which these associations resulted from mutual
prediction versus some level of confounding due to the
association between alcohol use and drink/driving.

METHODS

Sample

The study data were collected from participants in a telephone
survey administered in 1999 and 2000 as part of an on-going longi-
tudinal study. The longitudinal study began when participants were
in the fifth and sixth grades as part of 2 intervention evaluation stud-
ies called the Alcohol Misuse Prevention Study (AMPS) and the
Genessee Intermediate School District (GISD) study. Enrollment
began in fifth and sixth grades with students from school districts in
southeastern Michigan, and the intervention was conducted when
participants were in the fifth/sixth, seventh/eighth, and 10th grades
with follow-up school surveys in the 10th and 12th grades in
high school. The AMPS and GISD data measured demographics,
substance use, perceived parental attitudes and behavior, and other
psychosocial variables. The effectiveness of the AMPS and GISD is
reported elsewhere (Shope et al., 1992, 1996, 2001). Recent analyses
examining intervention group differences in drink/driving during
young adulthood showed no effect.

In 1999, when they averaged 24.3 years of age (SD5 0.8), young
adult AMPS and GISD participants who had current Michigan
driver licenses were followed up with a telephone interview. Licen-
sure status and addresses of eligible participants were obtained from
the Michigan Department of State, and processed for tracking and
interviewing. Advance letters invited participants to be part of the
young adult follow-up, and offered $10 for completing the interview,
and an additional $5 if they sent their telephone number to project

staff by phone, e-mail, or conventional mail. The interview and study
were described to the participants, and their participation consti-
tuted consent. The participants were harder to track and contact
than anticipated. Once contacted, however, only 6% refused the
interview and a total of 4,230 completed the interview (58.5% of the
original sample based on definition RR5, American Association for
Public Opinion Research, 2000). Interviews were conducted by
trained personnel using computer-based interviews that provided
immediate data entry.

Respondents and nonrespondents were compared using measures
from 10th- and 12th-grade high school surveys and data from State
of Michigan driver history records to check for nonparticipation
bias. There were some significant differences associated with very
small effects ranging from d5� 0.009 for alcohol availability in the
12th grade to d5 0.370 for 10th-grade marks in school. Only differ-
ences in age (d5 0.267; nonrespondents older), 10th-grade marks in
school (d5 0.370, nonrespondents had lower marks), and living with
both biological parents at 12th grade (d5� 0.203; respondents were
more likely to live with both biological parents) were large enough to
be considered small effects (see Cohen, 1992). The core items of the
study’s analysis, namely alcohol misuse, cigarette use, marijuana use,
and driving behavior, did not differ between respondents and nonres-
pondents.

The study sample includes 3,480 respondents in a single young
adult telephone survey who reported that they drank alcohol in the
year before the interview. Participants in this study were 48.3% male
(n5 1,681 men, n5 1,799 women) and 88.0% white, 74.2% never
married, 83.6% employed, 27.1% students, and had been licensed to
drive for an average of 8.1 years (SD5 1.1 years, range5 2–12) when
they completed the telephone survey. These subjects are reasonably
representative of their age cohort in the general Michigan population
in race, marital status, employment, and student status. A recent
by-gender comparison of Michigan state driving records for drivers
from the study sample and nonsample same-age drivers demonstrat-
ed a high degree of similarity in the proportions of drivers with no
offense, 1 offense, and 2 or more offenses and crashes (Elliott et al.,
2000).

MEASURES

Background and Alcohol Use Measures

Demographic Characteristics. Personal annual income,
age (years at interview), marital status (ever vs never), and
completed education were included in the models as control
variables. All of these variables have been shown to predict
drink/driving, and were selected as controls in this study for
this reason. Personal income was coded as 15under $5,000,
25$5,000 to $14,999, 35$15,000 to $24,999, 45$25,000 to
$34,999, 55$35,000 to $44,999, 65 $45,000 to $54,999, and
75 � $55,000. Completed education was the highest level of
education completed at the time of the survey: 15oeighth
grade, 25finished eighth grade, 35 some high school,
45graduated high school, 55graduated technical or trade
school, 65some college, 75graduated college, 85 some
graduate or professional school, and 95earned a graduate
or professional degree. Race/ethnicity was not included, as
the sample, like the schools where the sample was originally
recruited, is predominantly white.
Alcohol UseMeasures. No single measure is adequate to

represent the complex behavioral variation in individual
alcohol use. For this reason, we chose 3 measures to use in
conjunction with each other. While 3 measures are better

(B) Partial Confounding
CA

B

(C) Complete Confounding

(A) Mutual Prediction

CA

B

CA

B

Fig. 1. Potential patterns of association among individual characteristics,
alcohol use, and drink/driving.
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than 1, it cannot be assumed that these 3 measures com-
pletely measure the construct of alcohol use.
Quantity-frequency (QF) of alcohol consumption was

the product of 2 items: frequency of alcohol consumption
(ranged from 05 never to 45 4 or more times a week) and
number of drinks consumed on a typical drinking day in
the previous year (ranged from 05 never drink alcohol, to
55 10 or more). These 2 items were developed for this
study, but were modeled after quantity and frequency of
drinking items commonly used in alcohol research, and
that are available at http://lib.adai.washington.edu/instru-
ments/.
The 10-item Alcohol Use Disorders Identification Test

(AUDIT; Babor et al., 1992) includes 3 items measuring
consumption patterns, 3 items measuring alcohol depend-
ence, and 4 measuring the personal/social problems caused
by alcohol. The AUDIT was developed as a screening tool,
but has been used widely in research and epidemiological
studies. Alcohol Use Disorders Identification Test scores
were calculated by summing across the 10 items. Internal
consistency was good (a50.77).
Alcohol consequences (Donovan, 1993) measured how

frequently in the prior 12 months drinking had resulted in:
a hangover; physical illness or passing out; difficulties with
a close friend, spouse, or partner; problems on the job;
trouble with the police; injury to themselves or others;
inability to stop drinking once started; failure to do what
was normally expected; inability to remember the night
before; an alcohol-involved accident; or receiving expres-
sions of concern from family, friends, or physician about
drinking. A summary score was calculated by standardiz-
ing the responses (M50, SD51), calculating the mean
across items and adding the absolute value of the lowest
score so that the low value was zero (a50.76, has demon-
strated construct and predictive validity).

Intraindividual Factors

Personality/Hostility. Risk-taking propensity was meas-
ured by 4 items (Donovan, 1993). An example item is ‘‘I
enjoy the thrill I get when I take risks.’’ Responses were
15not at all like me to 35a lot like me. Overall scores were
calculated as the mean response to the 4 items, with a
higher score indicating a greater risk-taking propensity
(a5 0.72, has demonstrated construct and predictive
validity).
Hostility was measured by 7 items that were developed

for this study. Participants were asked to rate how well
each of the items described them. An example item is
‘‘When I lose my temper I’ve been known to hit or slap
someone.’’ Participants indicated how well each item
described them on a scale from 15not at all like me to
35a lot like me. Higher mean scores indicated greater
hostility. Factor analyses show that this measure is unidi-
mensional. The internal consistency for this measure is
relatively low, a50.54 (see Cattell, 1982); however, it has

performed well as a predictor of driving behavior in past
research.
Tolerance of deviance (TOD) was measured by 10 items

(Donovan, 1993) rating the wrongness of specific behav-
iors. An example item is ‘‘To start a fight or hit someone.’’
The responses ranged from 15very wrong to 45not at all
wrong. An overall mean score was calculated so that
higher values indicated greater TOD (a50.79, has demon-
strated construct and predictive validity).
Competitive attitude toward driving (Donovan, 1993) was

measured by asking how strongly participants agreed/dis-
agreed with 5 statements. An example item from this scale
is ‘‘It’s fun to beat other drivers when the lights change.’’
Responses ranged from 15 strongly agree, 25 agree,
35 disagree, and 45 strongly disagree (a5 0.80, has dem-
onstrated construct and predictive validity).
Individual/Social Characteristics. The perceived risk of

drink/driving was measured as the likelihood that driving
within an hour of having 3 (men) or 2 (women) drinks of
alcohol would result in: getting stopped for drinking and
driving; losing a driver’s license; being unable to drive as
well as usual; being in a car crash; injuring oneself or
others; and receiving a fine. The responses ranged from
15very likely to 45very unlikely. This measure was
developed for this study. Factor analyses were conducted,
showing that the scale is unidimensional. Scale scores were
calculated so that a higher mean score corresponded to
greater risk perception (a50.91).
Social support for drinking and drink/driving consisted of

6 items measuring attitudes toward drink/driving, and the
drinking behavior of the participant’s friends. The items
were standardized (M50, SD51), averaged, and added to
the absolute value of the lowest mean score to provide a
summary scale with a low value of 0 (a50.80). This meas-
ure was developed for this research and has demonstrated
construct and predictive validity in previous analyses.
Problem Behavior. Delinquent behavior (Donovan,

1993) was measured by a 9-item scale that asked how fre-
quently in the prior 12 months the participant had given a
fake excuse for missing work, school, or meetings; dam-
aged public or private property on purpose; started a fight;
given false information for a job or loan application; shop-
lifted something of value; started an argument; damaged
something of value to someone else because they were
angry at that person; lied to someone they were close to;
and taken things of value that did not belong to them.
Responses (15 never to 65 10 times or more often) were
averaged to obtain scale scores. Internal consistency was
adequate (a5 0.64; see Cattell, 1982; has demonstrated
construct and predictive validity).
Lifetime and past year drug use were measured by asking

participants to report whether they had used (05 no,
15 yes) each of 10 drugs ever in their lifetime, and in the
past year, including marijuana; amphetamines; Quaalu-
des; tranquilizers; psychedelic drugs; crack or cocaine;
opiates; and prescription drugs for nonmedical purposes.
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Scale scores were calculated by separately summing
responses to the 9 items measuring lifetime (a50.76) and
past year (a5 0.70) drug use. These items were developed
for this study.
Cigarette smoking was measured by 3 items asking par-

ticipants how much they smoked cigarettes. The responses
to the 3 items, coded in numbers (e.g., 2), units (e.g.,
packs), and time intervals (e.g., daily), were used to calcu-
late daily rates of cigarette use (e.g., 40). This measure was
developed for this study.
Driving Behavior. Driving under the influence of drugs

(drug/driving) was measured by items that asked how
many times in the prior 12 months the respondent had
driven after: (1) smoking marijuana; or (2) using any of the
list of other drugs as above. Responses were recoded
(15once, 25twice, 353 times, 454 times, 555 times,
656–9 times, 7510–14 times, 8515–19 times, 9520–24
times, 10525–29 times, 11530–49 times, 12550–99 times,
and 135100 times or more often) (Donovan, 1993), and
averaged to obtain scale scores. Internal consistency was
adequate (a50.60; see Cattell, 1982).
High-risk driving (Donovan, 1993) was assessed by 20

items that measured exceeding the speed limit, and
inappropriate passing, following, lane usage, yielding/
right-of-way, turning, and observance of control signals.
Many of the behaviors measured constitute ticketable
offenses (a50.86, has demonstrated construct and predict-
ive validity, see Shope and Bingham, 2002).
Risk-taking driving (Donovan, 1993) was measured by 8

items asking how often participants took chances for the fun
of it, saw how fast one could drive, out-maneuvered other
drivers for the thrill of it, passed cars because it was exciting,
drove dangerously for enjoyment, tested their driving skills
in ways that others might find risky, took driving risks
because it felt good, and tried to beat other drivers at stop-
lights to impress someone. The responses (15very often,
25often, 35once in a while, and 45never) were reverse
scored and averaged so that a higher score indicated more
frequent risk-taking driving (a5 0.86, has demonstrated
construct and predictive validity).
Driving aggression (Donovan, 1993) was measured by 4

items that asked how often participants took chances for
the fun of it; honked the horn at drivers who cut in front of
them; made rude gestures at drivers who did things that
were annoying; and tailgated other drivers to get back at
them. Item responses (15very often, 25often, 35once in a
while, and 45never) were reverse scored and averaged so
that a higher score indicated more frequent driving aggres-
sion. Internal consistency was adequate (a50.63; see
Cattell, 1982; has demonstrated construct and predictive
validity).
Frequency of safety belt use was measured on short and

long drives (2 items). Responses (15always or almost
always, 25most of the time, 35sometimes, 45seldom, and
55never or almost never) were reverse scored and averaged
so that a higher score indicated more frequent safety belt

use (a50.91). This measure was developed for this study.
Factor analyses demonstrate unidimensionality.
Drink/Driving Groups. Six items measured the fre-

quency of drink/driving (Donovan, 1993), and responses
were used to form drink/driving groups. The items were,
‘‘In the past 12 months how many times did you’’: ‘‘drive
within an hour of drinking alcohol’’; ‘‘drive within an
hour of drinking 1 or 2 beers or other alcoholic beverag-
es’’; ‘‘drive within an hour of drinking 3 or more
drinks’’; ‘‘drive when you felt high or light headed from
drinking’’; ‘‘drive when you knew your drinking may
already have affected your coordination’’; and ‘‘drink in
the car while you were driving.’’ Responses, which were
given as the actual frequency (range 0–999), were dichot-
omized into never versus at least once. Participants were
classified as those who never drove within an hour of
drinking (nondrink/drivers; n51,256; 779 women, 43% of
women; 477 men, 28% of men); drove at least once within
an hour of having 1 or 2 drinks (low-drink/drivers;
n51,100; 630 women, 35%; 470 men, 28%); drove at least
once within an hour of 3 or more drinks, when high or
light headed, or when their coordination had been affected
by drinking (high-drink/drivers; n5773; 281 women, 16%;
492 men, 29%), and those who reported they had drank
while driving (drank while driving; n5351; 109 women,
6%; 242 men, 14%).
Self-reported measures of socially proscribed or frankly

illegal behaviors are often suspected of lacking validity.
However, research supports the validity of self-report of
illegal behaviors, including substance use, when confiden-
tiality is protected as it was in this study (Babor and Del
Boca, 1992; Babor et al., 2000; Chaikelson et al., 1994;
Darke et al., 1991; O’Malley et al., 1983; Williams et al.,
1995).

Plan of Analysis

Multinomial logistic regression models were tested sep-
arately for men and women. First, regression models were
estimated separately for each domain of risk factors, and
then these same models were adjusted for alcohol use.
Second, all risk factors were entered into the model simul-
taneously to obtain overall unadjusted estimates, and then
the model was tested a second time adjusting for alcohol use.
Population-attributable risk (PAR) was estimated in the

final step of analysis. Population-attributable risk can be
used to estimate the potential effect of interventions that
alter rates of exposure to risk factors. Population-attribut-
able risk is defined as the proportion of disease incidence in
a population of exposed and not-exposed individuals that
is due to exposure; therefore, it is the percent by which
incidence would decrease if exposure was reduced. Relat-
ing these concepts to this paper, PAR is the percent of the
incidence of drink/driving at a particular level (i.e., non-
drink/drivers, low-drink/drivers high-drink/drivers, and
drank while driving) in the population that would be
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eliminated if exposure to risk factors was reduced. This
standard definition holds true when studying disease that
is caused by exposure to a pathogen. Because it is not
known to what extent the observed associations between
the risk factors examined in this study and drink/driving
are causal, PAR represents the maximum decrease in
drink/driving that could be achieved if the risk factors
were eliminated.
Population-attributable risk was calculated for variables

used in the analyses that could conceptually influence
driving behaviors, and that might feasibly be altered by
intervention. These variables included perceived risk of
drink/driving, social support for drinking and drink/
driving, risk taking, hostility, delinquent behavior, and
competitive attitude toward driving. Population-attribut-
able risk was calculated for 2 amounts of change in the
drink/driving risk factors just listed: a reduction in expos-
ure such that everyone in the population scored at or
below the 75th percentile score for the observed risk
factor; and a reduction to the 50th percentile or
lower. Population-attributable risk was estimated sepa-
rately for each of the 6 risk factors just listed and then a
combined estimate was calculated for the variables
with the highest PAR (i.e., the potential effect of an inter-
vention that reduced levels of more than 1 risk factor
simultaneously).
To estimate PAR for a given predictor X of drink/driv-

ing group, a model-based estimate of the probability of a
given level d of drink/driving for each subject was obtained
under the observed predictor and additional set of covari-
atesZ, and a similar ‘‘future’’ estimate was obtained by the
value of the predictor of interest to the pth percentile level
for all cases at which the predictor of interest was above
the pth percentile:

xfuti ¼
xobsi ifxobsi � xðpÞ

xðpÞ ifxobsi 4xðpÞ

(

The difference in the average of these probabilities
across the sample is an estimate of the attributable risk
(AR). An estimate of PAR was then given by 1 minus the
ratio of the average predicted probabilities under the
‘‘future’’ model where exposure has been reduced to the
average predicted probabilities under the current distribu-
tion of exposures:

AR ¼
X
i

P̂ðDDi ¼ djXi ¼ xi;Zi ¼ ziÞ=n

�
X
i

P̂ðDDi ¼ djXi ¼ xfuti ;Zi ¼ ziÞ=n

PAR ¼1�
P

i P̂ðDDi ¼ djXi ¼ xfuti ;Zi ¼ ziÞ=nP
i P̂ðDDi ¼ djXi ¼ xi;Zi ¼ ziÞ=n

where under the multinomial logit model,

P̂ðDDi ¼ djXi ¼ xi;Zi ¼ ziÞ ¼
expðâd þ b̂dxi þ ĝdziÞ

1þ expðâd þ b̂dxi þ ĝdziÞ
;

d ¼ 1; . . . ; 4

Separate PAR estimates were generated for men and
women. All estimates of PAR were adjusted for alcohol
use. Confidence intervals for PAR were obtained by boot-
strapping the results using 2,000 resamplings of the data
with replacement.
When PAR estimates are interpreted, it is important to

remember that the effect indicated by the PAR value is
proportional to the size of the subgroup it is associated
with. For example, a given PAR for a group that represents
a small proportion of the population represents a smaller
overall influence on the outcome for the entire population
than the same-sized PAR for a larger population subgroup.

RESULTS

Descriptive Analyses

Correlations among the predictor variables were
examined, and variance inflation was calculated before
conducting any analyses. The bivariate correlations were
mostly small (i.e., r5 0.08–0.20) but ranged from r5 0 to
0.62. The variance inflation estimates showed no indica-
tion of colinearity.
Spearman’s correlations between drink/driving group

and each of the risk factors unadjusted and adjusted for
alcohol use were calculated. The effects of adjusting the
correlations for alcohol use generally weakened the asso-
ciation between drink/driving and the risk factors, with
alcohol use completely accounting for the associations
with drink/driving in only a few risk factors. For women,
alcohol use completely accounted for the associations
between drink/driving and risk-taking propensity,
hostility, cigarette smoking, and safety belt use. For men,
alcohol use completely accounted for the associations
between drink/driving group and hostility and cigarette
smoking. These simple analyses suggest that the associa-
tion of some risk factors with drink/driving is spurious,
arising entirely from the association between drink/driving
and alcohol use.

Prediction of Drink/Driving Group

Two sets of multinomial logistic regression models were
tested for men and women. The first set regressed drink/
driving group on each set of variables separately. The sec-
ond set of analyses regressed drink/driving group onto all
the predictors simultaneously. In both sets of analyses,
social support for drinking and drink/driving was the
strongest predictor of drink/driving group for both men
and women, and perceived risk of drink/driving was also a
strong predictor for women.
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Significant predictors from the first set of models are
shown in Table 1. Generally, adjusting the model for alco-
hol use decreased the strength of the association between
the risk factors and drink/driving. In many cases, the
change was small, indicating that alcohol does not account
for much of the association between the risk factors and
drink/driving when all of the risk factors within the same
group are entered. Exceptions for women included toler-
ance of deviance, social support for drinking and drink/
driving, and delinquent behavior. For men, risk taking,
hostility, tolerance of deviance, social support for drinking
and drink/driving, and delinquent behavior decreased
when the models were adjusted for alcohol use.
Table 2 displays the significant unadjusted and adjusted

models when all of the risk factors were entered into the
model simultaneously. In these models, only perceived risk

of drink/driving, social support for drinking and drink/
driving, delinquent behavior, cigarette smoking, and high-
risk driving were significant for women. Cigarette smoking
was no longer significant after adjusting for alcohol use,
and odds ratios for social support for drinking and drink/
driving, and tolerance of deviance decreased when the
model was adjusted for alcohol use. For men, perceived
risk of drink/driving, social support for drinking and
drink/driving, delinquent behavior, drug/driving, high-
risk driving, and safety belt use were significant in the
unadjusted model. Safety belt use was no longer signifi-
cant, and social support for drinking and drink/driving
showed a large decrease in strength when the model was
adjusted for alcohol use.
In the adjusted models, participants with high social

support for drinking and drink/driving were 5.92 (women)

Table 1. Significant Results of Multinomial Logistic Regression Models Tested for Each Content Area Separately: Odds Ratios of Comparisons With the
Nondrink/Driver Group

Predictor variables

Unadjusted Adjusted

Low-drink/driver High-drink/driver
Drink while

driving Low-drink/driver High-drink/driver
Drink while

driving

Women
Personality/hostility

Risk-taking propensity 1.71�� 2.38��� 3.69��� 1.56� 1.38 2.13���

Hostility 1.14 1.01 1.63 1.12 1.70�� 2.26���

Tolerance of deviance 2.58��� 5.90��� 5.88��� 1.71� 2.79��� 4.19���

Competitive driving 1.45�� 1.27 1.77�� 1.26 1.16 1.37
Individual/social characteristics

Perceived risk of drink/driving 1.63��� 2.26��� 3.10��� 1.64��� 2.27��� 3.14���

Social support for drinking and drink/driving 2.82��� 9.50��� 15.63��� 1.85��� 4.58��� 6.57���

Problem behavior
Delinquent behavior 3.59��� 5.20��� 10.44��� 2.76��� 3.18��� 5.55���

Lifetime substance use 1.22� 1.30�� 1.31� 1.09 1.08 1.03
Past-year substance use 1.33� 1.88��� 2.20��� 1.15 1.47� 1.74��

Cigarette smoking 1.02� 1.03�� 1.00 1.01 1.02 0.98
Driving behavior

Drug/driving 1.10� 1.23��� 1.31��� 1.05 1.12�� 1.19���

High-risk driving 1.31��� 1.65�� 1.65��� 1.25��� 1.53��� 1.48���

Risk-taking driving 0.79 1.72 1.31 0.90 2.22 1.01
Aggressive driving 1.26 1.33 1.33 1.15 1.12 1.05
Safety belt use 0.99 1.05 1.49� 1.01 1.10 1.61���

Men
Personality/hostility

Risk-taking 1.56� 1.38 2.13��� 1.41 1.06 1.47
Hostility 1.12 1.70�� 2.26��� 0.92 1.02 1.11
Tolerance of deviance 1.71� 2.80��� 4.18��� 1.54 2.26�� 2.72���

Competitive driving 1.26 1.16 1.37� 1.24 1.07 1.18
Individual/social characteristics

Perceived risk of drink/driving 1.46��� 1.81��� 1.73��� 1.49��� 1.85��� 1.84���

Social support for drinking and
drink/driving

2.02��� 7.91��� 20.72��� 1.67��� 4.62��� 9.22���

Problem behavior
Delinquent behavior 2.34��� 4.27��� 9.82��� 1.85� 2.86��� 5.13���

Lifetime substance use 1.11 1.08 1.04 1.02 0.91 0.84
Past-year substance use 1.19��� 1.84��� 2.42��� 1.11 1.54�� 1.90���

Cigarette smoking 1.00 1.02 1.01 0.99 1.00 1.00
Driving behavior

Drug/driving 1.04 1.16��� 1.26��� 1.02 1.10�� 1.16���

High-risk driving 1.26��� 1.60��� 1.81��� 1.23��� 1.55��� 1.72���

Risk-taking driving 0.79 1.82� 1.43 0.83 2.08� 1.75
Aggressive driving 1.20 1.07 1.16 1.13 0.91 0.90
Safety belt use 0.89 1.22� 1.72��� 0.88 1.18 1.58���

�po0.05; ���0.01; ���p�0.001.
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and 9.93 (men) times more likely to be in the drank while
driving group than the nondrink/drivers group, and 5.52
(women) and 5.16 (men) times more likely to be in the high-
drink/drivers than the nondrink/drivers group. Women and
men with low social support for drinking and drink/driving
were 1.97 and 1.84 times more likely to be in the low-drink/
drivers than the nondrink/drivers group. Women with high
perceived risk of drink/driving were 2.91, 2.38, and 1.74
times more likely to be in the drank while driving, high-
drink/drivers, and low-drink/drivers groups than the
nondrink/drivers group, respectively, and for men, the odds
were 1.67, 1.88, and 1.49, respectively. Delinquent behavior
was also a strong predictor for women.

Population-Attributable Risk

The PAR calculations generally indicated that perceived
risk of drink/driving contributed more to drink/driving
among women than men, and that interventions that
reduce perceived risk of drink/driving may be more
effective for women. Population-attributable risk for so-
cial support for drinking and drink/driving was large for
both men and women, suggesting that interventions that
reduce individual social support for drinking and drink/
driving may potentially have a large effect for both sexes,
with reductions in drink/driving of up to 33% for men and
women in the drank while driving group. Clearly, when
PAR is calculated for both perceived risk of drink/driving
and social support for drinking and drink/driving simul-
taneously, the PAR values are the largest, with reductions
in drink/driving of up to 56% for women and 33% for men
if an intervention reduced both perceived risk of drink/

driving and social support for drinking and drink/driving
to the level of the median for this sample.

DISCUSSION

Alcohol consumption and drink/driving are strongly
associated. In addition, these 2 variables share many of
the same predictors and risk factors. Past research has
largely ignored the potential confounding nature of these
associations, and little effort has been made to determine
the extent to which the association between known risk
factors and drink/driving is due to alcohol use and its
association with drink/driving, as opposed to unique var-
iance associated with drink/driving, per se. Conceptually,
one would anticipate 1 of 2 types of associations: one that
is completely confounded by the association between
alcohol use and drink/driving, and one in which this
association only partially confounds the results. In the for-
mer situation, when models testing the association are
adjusted for alcohol use, there would no longer be a sig-
nificant association between these risk factors and drink/
driving, and second, an association in which only partial
confounding occurs. In this type of association, significant
effects would be diminished but remain significant when
models were adjusted for alcohol use.
The results of this study identify the partial and com-

plete confounding effects that broaden our understanding
of drink/driving. In particular, these results suggest that
the associations between drink/driving and personality/
hostility factors, substance use, and drug/driving are due
to these latter variables’ associations with level of alcohol
use, and that the associations between drink/driving and
essentially all the variables studied are at least partially

Table 2. Significant Results of Multinomial Logistic Regression Model With All Predictors Entered Together: Odds Ratios of Significant Comparisons With
the NDD Group

Predictor variables

Unadjusted Adjusted

Low-drink/driver High-drink/driver
Drink while

driving Low-drink/driver High-drink/driver
Drink while

driving

Women
Individual/social characteristics

Perceived risk of drink/driving 1.73��� 2.32��� 2.86��� 1.74��� 2.38��� 2.91���

Social support for drinking and drink/driving 2.70��� 9.07��� 11.57��� 1.97��� 5.52��� 5.92���

Problem behavior
Delinquent behavior 2.75��� 1.83 5.02�� 2.50�� 1.53 3.89�

Cigarette smoking 1.01 1.03� 0.99 —a — —
Driving behavior

High-risk driving 1.21��� 1.52��� 1.37�� 1.18�� 1.49��� 1.31�

Men
Individual/social characteristics

Perceive risk of drink/driving 1.45�� 1.82��� 1.58�� 1.49��� 1.88��� 1.67��

Social support for drinking and drink/driving 2.08��� 7.62��� 18.19��� 1.84��� 5.16��� 9.93���

Problem behavior
Delinquent behavior 1.44 1.85 4.17��� 1.32 1.62 3.07��

Driving behavior
Drug/driving 1.01 1.05 1.14� 1.00 1.03 1.12�

High-risk driving 1.21�� 1.51��� 1.63��� 1.20�� 1.51��� 1.61���

Safety belt use 0.78� 0.92 1.23 —a — —

�po0.05; ���0.01; ���p�0.001. aThis variable did not enter the model adjusted for alcohol use.
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confounded by alcohol use. These results support the
hypothesis that some factors that have been identified as
indicative of risk for drink/driving are actually unique to
alcohol use, and do not necessarily contribute to drink/
driving. These results begin to shed clearer light on the
characteristics of individuals that are related specifically to
their drink/driving behavior, and provides some initial
ideas regarding how drink/driving behavior might change
if certain individual characteristics are modified through
intervention and/or individual treatment.
The results of this study contribute some insight and

understanding of the characteristics that distinguish drink/
drivers from nondrink/drivers, and will be useful in iden-
tifying individuals at risk for drink/driving. This increased
understanding has significant value as basic knowledge,
opening the door for investigations of the processes and
mechanics involved in the occurrence of drink/driving.
Additionally, this information has practical importance
for the development of programs, interventions, and
policies to prevent drinking while driving. Specifically, the
results of the PAR analyses indicate that, given the meas-
ures included in this study, preventive interventions would
be effective if they targeted either perceived risk of drink/
driving, or social support for drink/driving, and that max-
imum effectiveness would result from addressing both.
Regression results showed that the associations of these 2
measures with drink/driving are largely independent of
each other, which contributes to a combined PAR value,
suggesting that interventions that reduce both these vari-
ables to the median level would decrease drink/driving by
as much as 56% for women and 33% for men. Although
the size of the effects resulting from interventions that
reduce these 2 characteristics depend on the extent to
which the association of these 2 variables with drink/
driving is causal, they clearly indicate 2 areas where inter-
ventions might have a large effect.
Future research on this topic should address the limita-

tions of this study by examining the issues addressed here
using a broader set of variables than were available for this
study, in more diverse samples, and in other populations,
so that additional correlates of drink/driving can be iden-
tified, and thus knowledge of which variables uniquely
influence drink/driving can be expanded and their interac-
tions elucidated. Specifically, variables that can be
modified by interventions should be identified, so that the
effectiveness of efforts to reduce drink/driving can be
increased. Longitudinal research examining the develop-
ment of drink/driving behavior as it relates to the unique
predictors of this behavior would also provide critical
information in the prevention of drink/driving, and
perhaps identify critical points at which interventions
would be especially effective. Finally, research needs to
connect person-level and ecological-level variables that
contribute to drink/driving. An examination of these
factors may provide an insight into the connections
between individual characteristics and the drinking loca-

tions and setting that they choose. Given the association
between drinking location and drink/driving (Gruenewald
et al., 1996), an understanding of the variables that bridge
person and context could contribute significantly to efforts
to reduce drink/driving.
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