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ABSTRACT. Objective: The purpose of this study was to examine 
changes and predictors of changes in riding with an alcohol/drug-
impaired driver (RWI) from 10th grade through the fi rst post–high school 
year. Method: Transition models were used to estimate the association 
of four waves (W1–W4) of RWI with W4 environmental-status variables 
and time-varying covariates in the NEXT Generation Health Study, a 
nationally representative cohort of U.S. 10th graders (N = 2,785). Re-
sults: Overall, 33% (weighted) of adolescents reported RWI in the past 
12 months in W1, and slightly declined in W2 (24%), W3 (27%), and 
W4 (26%). Across time, transition models with generalized estimating 
equations showed that RWI was more likely among those who previously 
reported RWI (ORs from 3.62 to 3.66, p < .001), substance use (ORs 
from 1.81 to 1.82, p < .001), and heavy episodic drinking (ORs from 

1.85 to 1.86, p < .001). Those living on college campuses were somewhat 
more likely to engage in RWI (OR = 1.38, .05 < p <.10) than those living 
at home. The effects of parental monitoring knowledge and peer alcohol/
substance use on RWI were suppressed when individual substance use 
and heavy episodic drinking were taken into consideration. Conclusions: 
Substance use and heavy episodic drinking in previous waves and the 
history of RWI were persistent factors of RWI in a dynamic pattern. The 
setting in which emerging adults live during their fi rst post–high school 
year could affect their engagement in RWI. The fi ndings suggest that 
harm-reduction strategies should focus on the identifi cation of early RWI 
coupled with reduction of substance use and heavy episodic drinking. (J. 
Stud. Alcohol Drugs, 77, 77–85, 2016)
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FATAL CRASHES BECAUSE OF ALCOHOL-impaired 
driving in the United States increased from 2011 (9,865) 

to 2013 (10,076) in drivers of all ages. In 2012, 4,283 young 
drivers were in fatal crashes and of the 1,875 young drivers 
killed, 28% were known to have been drinking at the time 
of the crash (National Highway Traffi c Safety Administra-
tion [NHTSA], 2014a). Sixteen percent of those killed were 
known to be passengers riding with an alcohol-impaired 
driver (NHTSA, 2014b). Although fatal crashes among 
young drivers have declined by 20% from 2003 to 2012 
(NHTSA, 2014a), public health and safety concerns remain 
warranted.
 Although a large body of existing research has focused 
on alcohol/drug-impaired young drivers, there is a paucity 

of research on individual and social factors associated with 
riding with alcohol/drug-impaired drivers (RWI; O’Malley & 
Johnston, 2007). Moreover, recent studies show that driving 
while alcohol/drug-impaired (DWI) is more likely among 
adolescents previously exposed to RWI (Evans-Whipp et al., 
2013; Li et al., 2014c). Therefore, identifying factors that con-
tribute to RWI is a necessary prerequisite for the identifi cation 
of unique intervention opportunities and their timing.
 Recent studies show cross-sectional association of RWI 
with heavy drinking and illegal drug use (Li et al., 2013), 
and they also show prospective association of RWI with 
drinking, but not with illegal drug use (Li et al., 2014b) 
among adolescents. These fi ndings suggest that relationships 
between heavy drinking and illegal drug use and RWI may 
be variable during the mutable and malleable developmental 
stages of mid-to-late adolescence.
 Individual characteristics and social factors (e.g., peer and 
parental infl uence) may play important roles from a risk or 
protective perspective, particularly when teens are faced with 
considering RWI in a peer/friend group context. Perceived 
peer risk behavior is a well-known risk factor increasing 
teenagers’ risky behavior (Simons-Morton & Farhat, 2010), 
including risky driving (Scott-Parker et al., 2009; Simons-
Morton et al., 2011). However, few studies have used longi-
tudinal designs to examine associations between perceived 
peer alcohol and other drug use and RWI.
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 Parental monitoring is an aspect of authoritative parenting 
that is frequently found to be associated with adolescent be-
havior (Steinberg et al., 1994). When it comes to substance 
use (Bohnert et al., 2012; DiClemente et al., 2001), risky 
driving (Simons-Morton et al., 2011), and RWI (10th–11th 
grades) (Li et al., 2014b), parental monitoring knowledge 
has been identifi ed as a protective factor against adolescent 
risk behavior. However, the association of parental monitor-
ing knowledge with RWI during the dynamic developmental 
stages of mid-to-late adolescence and into early adulthood is 
still unclear.
 Overall, because of the salient health risk that RWI poses 
throughout adolescence and emerging adulthood, there is 
an important need to bring greater clarity to its contributing 
and predictive factors. A longitudinal study design enables 
examination of the dynamic risk and protective factors, thus 
providing important implications for intervention content 
and timing. The purpose of this study was to longitudinally 
identify individual (e.g., drinking alcohol, other drug use) and 
social (e.g., perceived peer alcohol and substance use) risk 
and protective factors (e.g., parental monitoring knowledge) 
of RWI among a recent U.S. cohort that has transitioned from 
high school through the fi rst post–high school year.

Method

Sampling

 Data used were from Waves 1 to 4 (W1–W4) of the 
NEXT Generation Health Study, a longitudinal, nationally 
representative study with a probability cohort starting with 
10th-grade students (2009–2010 school year). Sampling 
strategy is reported elsewhere (Li et al., 2014a, 2014b). Of 
the 3,796 students invited to participate, 2,525 consented 
and completed the W1 survey (baseline). The response rate 
was 67% in W1. In W1, 260 participants did not complete 
the survey because the school district joined the study at 
W2 due to a delay in district-level approvals. Therefore, a 
total of 2,785 (2,525 + 260) participants eventually com-
pleted the survey in all four waves; and 91% [(2,785 – 260) 
/ 2,785], 88%, 86%, and 78% of the total 2,785 participants 
completed the survey from W1 to W4, respectively. Most 
participants who were lost to follow-up could not be located. 
African American participants were oversampled to provide 
accurate population estimates. Parental consent or students’ 
consent was obtained in all waves. The study protocol was 
reviewed and approved by the Institutional Review Board 
of the Eunice Kennedy Shriver National Institute of Child 
Health and Human Development.

Measures

 Riding with alcohol/drug-impaired drivers. RWI was 
measured using one question derived from the Youth Risk 

Behavior Survey (YRBS) questionnaire (Centers for Disease 
Control and Prevention, 2010). RWI was measured in all 
waves by asking participants how many times, during the 
last 12 months (YRBS asks RWI in the past 30 days), they 
rode in a vehicle driven by someone who had been drinking 
alcohol or using illegal drugs (with fi ve response options: 1 = 
0 times to 5 = six or more times). The RWI score was coded 
as a dichotomous variable: one or more times versus never.
 Parental monitoring knowledge. Adolescents reported 
their perceptions of their father’s and (on separate items) 
their mother’s monitoring knowledge about their activities, 
including who their friends were, how they spent their mon-
ey, what they did with their free time, where they were after 
school, and where they went at night (with four response 
options: 1 = don’t have/see father or mother/guardian, 2 = 
he/she doesn’t know anything, 3 = he/she knows a little, and 
4 = he/she knows a lot). The Cronbach’s alpha for adolescent 
responses to mother- and father-related questions were .83 
and .95 for W1, .88 and .96 for W2, and .90 and .97 for W3, 
respectively.

Alcohol drinking. Alcohol drinking was measured using 
one question derived from the Health Behavior in School-
aged Children questionnaire (Currie et al., 2004), “On how 
many occasions (if any) have you drunk alcohol in last 30 
days?” (with seven response options: 1 = never to 7 = 40 
times or more). Because of a severe fl oor effect and non-
normal distribution of the data (the same reason for the 
dichotomous variables below), scores were dichotomized to 
at least once versus none.
 Heavy episodic drinking. Teens were asked, “Over the 
last 30 days, how many times (if any) have you had four 
(for females)/fi ve (for males) or more drinks in a row on an 
occasion?” (with six response options: 1 = none to 6 = 10 
or more times). Scores were dichotomized to at least once 
versus none. This question was adapted from the Monitoring 
the Future national survey (Johnston et al., 2010).
 Substance use. Substance use was measured by ask-
ing participants 10 questions derived from the Monitoring 
the Future national survey (Johnston, et al., 2010) on how 
often they ever used drugs (e.g., marijuana, medication to 
get high) in the last 12 months for all waves (with seven 
response options: 1 = never to 7 = 40 times or more). A di-
chotomous variable was used to indicate if participants had 
used any of those drugs at least once versus none.
 Peer alcohol and substance use. A single variable, peer 
alcohol and substance use, was measured by averaging fi ve 
items derived from the National Longitudinal Study of Ado-
lescent Health (Harris et al., 2009) in all waves by asking 
participants how often they thought their fi ve closest friends 
drank alcohol, got drunk, smoked cigarettes, smoked/used 
marijuana, and took other drugs (with fi ve response options: 
1 = never to 5 = almost always). Cronbach’s alphas for peer 
alcohol and substance use were .85 for W1, .85 for W2, and 
.87 for W3.



 VACA ET AL. 79

 Driving licensure. Driving licensure was generated 
based on students’ reporting if they had a license allowing 
independent, unsupervised driving (with/without temporary 
restriction on late night driving, teen passengers) at W1, W2, 
W3, and/or W4. They were then dichotomized into reported 
versus did not report having an independent driver’s license 
at each wave.
 Environmental status variables at Wave 4. Three envi-
ronmental status variables were assessed: current residence, 
school status, and work status. Residence included three 
categories: parent/guardian’s home, own place (rented room, 
apartment), and on campus (school dormitory or residence 
hall, fraternity/sorority house). School status consisted of 
three categories: not in school, technical/community col-
lege, and university or college. Work status included three 
categories: not working, working part time (≤30 hours), and 
working full time (≥30 hours).
 Potential confounders. Because having an independent 
driving license might presumably affect riding, we consid-
ered controlling for this potential confounder with a dichoto-
mous variable (having an independent driving license vs. 
not). In addition, a co-occurring risk factor, such as being a 
risky rider, may potentially increase his or her RWI, so we 
considered controlling for seat belt use (never wearing seat 
belt while riding at W1 vs. rarely, sometimes, most of the 
time, or always).
 Demographic variables. Participants reported age, gender, 
race/ethnicity, family socioeconomic status, and urbanicity 
(urban/rural). Family socioeconomic status was estimated 
using the Family Affl uence Scale (Currie et al., 2004). Stu-
dents were categorized as low, moderate, and high affl uence 
(Spriggs et al., 2007). One parent reported the education 
level of both parents, and this was categorized based on the 
highest level of education of either parent.

Statistical analyses

 Of the 2,785 participants, 126 participants still in high 
school at W4 or self-reported other residences (living in 
barracks as part of the armed services, hospitalized for a 
sustained duration of time, living with family members other 
than their parents, and/or homeless) were excluded from 
the analysis because each group had too few to analyze. 
They could not be combined because these environments 
represented qualitatively different life circumstances. The 
dichotomized RWI variable represented the outcome of inter-
est. Of the 2,659 participants included in the analyses, 2,406 
completed the survey at W1, 2,327 at W2, 2,297 at W3, and 
2,051 at W4. In addition, 2,391 (missing rate = 10%) par-
ticipants reported RWI at W1, 2,306 (missing rate = 13%) at 
W2, 2,278 (missing rate = 14%) at W3, and 2,028 (missing 
rate = 24%) at W4.
 Multivariate imputation by chained equations (MICE) 
based on the assumption of missing at random (Little & Ru-

bin, 2002; van Buuren & Groothuis-Oudshoorn, 2011) was 
used to impute missing outcome and independent variables 
resulting from both subject and item nonresponse values. 
The algorithm recursively imputed each missing variable 
by estimating its distribution conditional on other variables. 
Fifty multiply-imputed data sets were generated using the 
IVEware software package (Raghunathan et al., 2002).
 Transition models (Diggle et al., 2002), which trace the 
longitudinal sequence of an outcome variable over time and 
represent the distribution of its current value as a function 
of its value in the previous assessment (i.e., RWI and values 
of other variables in previous waves were shifted down to 
be parallel to the current wave value), were estimated by 
generalized estimating equations. The correlation matrix type 
was independent and implemented in SAS PROC GENMOD 
(SAS Institute Inc., Cary, NC). Features of the complex sur-
vey design, including clustering and sampling weights, were 
taken into account.
 Complete imputed data (n = 2,659) were analyzed in four 
steps: (Step 1) descriptive analyses were performed to ex-
amine the percentage of participants reporting RWI in each 
wave and changes across waves; (Step 2) multivariate logis-
tic regression was used to examine associations between pre-
dictors and RWI at each wave, controlling for demographic 
variables; (Step 3) multivariate transition logistic regression 
was conducted with RWI regressed on explanatory variables 
and covariates identifi ed in Step 2 (criteria p ≤ .25) (Hosmer 
et al., 2013) controlling for demographic variables (in this 
step, sequential models were conducted by adding individual 
variables and social contextual variables in order according 
to social–ecological framework; Baranowski et al., 2002); 
and (Step 4) environmental status variables were added to 
the model in Step 3 to test associations with the outcomes 
at W4, by including interaction terms (without main effects 
as environmental status variables were collected in W4 only) 
between wave = 4 and each environmental status variable in 
separate models. The interaction term is interpreted as the 
impact of environmental variables on RWI at W4. The analy-
sis was repeated for each of the 50 imputed data sets. The 
results were combined using Rubin’s combination rule (Little 
& Rubin, 2002), implemented in SAS PROC MIANALYZE.
 Multicollinearity was tested for predictors in each model 
by calculating the variance infl ation factor (VIF) and toler-
ance values (1 / VIF). A tolerance of less than 0.10 and a 
VIF of 10 or greater indicates a multicollinearity problem 
(Tabachnick & Fidell, 2001).

Results

Descriptive analysis

 Of the 2,659 participants (at W1, Mage = 16.20 years, SE 
= 0.02), 55% (weighted, the same hereinafter) were female, 
18% were Hispanic/Latino, 20% were African American, 
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57% were White, 5% were other minorities, 65% were from 
urban areas, and 35% were from rural areas. Participant’s 
family was categorized into low (23%), moderate (49%), 
and high (28%) affl uence families. After graduating from 
high school, 52% of the participants attended 4-year colleges 
(25% attended community or technical college and 25% did 
not attend any school), 13% worked full time (33% worked 
part time and 55% did not work), and 33% lived on campus 
(18% lived in own place and 49% lived at home).

Screening multicollinearity

 Multicollinearity was tested, and VIF and tolerance values 
did not indicate any concern for multicollinearity (VIF < 
10 and tolerance > .10 for all variables included in the fi nal 
models).

RWI transition by wave

 Overall, 33% (weighted) of adolescents reported RWI in 
the past 12 months in W1, which slightly declined thereafter 
(Table 1). Figure 1 illustrates the stability of RWI and RWI 
transitions across waves. Participants who reported engag-
ing and not engaging in RWI changed in successive waves 

TABLE 1. Percentages of RWI at least once in past year at Waves 1 to 4 
(n = 2,659)

 Weighted
Variable % SE [95% CI] Min. Max.

Wave 1 32.92 1.75 [29.49, 36.35] 32.45 33.33
Wave 2 24.09 1.95 [20.26, 27.92] 23.22 25.14
Wave 3 26.72 1.63 [23.53, 29.91] 25.63 28.22
Wave 4 26.11 1.71 [22.74, 29.47] 24.12 27.80

Notes: Min. and max. indicate the minimum/maximum computed weighted 
% from the 50 imputed data sets. RWI = riding with an alcohol/drug-
impaired driver; CI = confi dence interval.

Figure 1. Riding with an alcohol/drug-impaired driver (RWI) transitions across waves Figure 1.1: % of RWI in subsequent wave among those who rode with an 
impaired driver in previous wave. Figure 1.2: % of RWI in subsequent wave among those who did not ride with an impaired driver in previous wave. W = wave.

indicating transitional changes. RWI tracked strongly across 
waves, as shown in Figure 1.1, where 46% of those report-
ing RWI at W1 reported RWI at W2, 55% of those reporting 
RWI at W2 reported RWI at W3, and 51% of those report-
ing RWI at W3 reported RWI at W4. Among those who did 
not report RWI at a given wave, 13%–21% reported RWI in 
subsequent waves (Figure 1.2).

Bivariate models by wave

 Table 2 shows bivariate associations of RWI with baseline 
demographic and W4 environmental variables for all waves. 
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TABLE 2. Cross-sectional associations with RWI and demographic variables in each wave

 Wave 1 Wave 2 Wave 3 Wave 4
Variable OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

Sex
 Female ref. ref. ref. ref.
 Male 0.97 [0.75, 1.25] 1.08 [0.86, 1.37] 1.05 [0.76, 1.46] 0.99 [0.72, 1.34]
Race/ethnicity
 White ref. ref. ref. ref.
 Hispanic 1.65* [1.05, 2.59] 1.71** [1.11, 2.64] 1.22 [0.79, 1.86] 0.87 [0.61, 1.23]
 Black 1.05 [0.76, 1.45] 1.14 [0.74, 1.75] 0.71† [0.47, 1.07] 0.83 [0.55, 1.25]
 Other 0.95 [0.48, 1.90] 1.00 [0.37, 2.70] 0.89 [0.35, 2.31] 0.67 [0.27, 1.65]
Family affl uence
 Low ref. ref. ref. ref.
 Moderate 1.01 [0.75, 1.36] 0.93 [0.63, 1.37] 0.98 [0.70, 1.38] 1.20 [0.87, 1.66]
 High 1.03 [0.68, 1.55] 1.05 [0.67, 1.66] 1.33 [0.87, 2.02] 1.34 [0.84, 2.13]
Parent, highest education
 <High school diploma ref. ref. ref. ref.
 High school diploma or GED 0.62 [0.33, 1.17] 0.79 [0.44, 1.42] 0.77 [0.44, 1.35] 1.18 [0.74, 1.87]
Some degree 0.66 [0.37, 1.18] 0.57* [0.32, 1.00] 0.81 [0.49, 1.34] 1.08 [0.67, 1.76]
 Bachelor’s or graduate degree 0.55† [0.27, 1.10] 0.58 [0.30, 1.12] 0.90 [0.50, 1.62] 1.26 [0.80, 1.97]
Urban/rural at Wave 1
 Urban ref. ref. ref. ref.
 Rural 1.08 [0.78, 1.49] 1.02 [0.68, 1.54] 1.03 [0.68, 1.58] 0.99 [0.69, 1.40]
Work status at Wave 4
 Not working – – – ref.
 Work part time < 30 hours – – – 1.02 [0.67, 1.55]
 Work full time ≥ 30 hours – – – 1.01 [0.66, 1.53]
School status after at Wave 4
 College/graduate school – – – ref.
 Not attending school – – – 1.10 [0.77, 1.56]
 Tech./voca./comm. – – – 0.85 [0.56, 1.29]
Residence at Wave 4
 At home – – – ref.
 On campus – – –     1.49** [1.10, 2.03]
 On own place – – – 1.32 [0.90, 1.92]

Notes: RWI = riding with an alcohol/drug-impaired driver; OR = odds ratio; CI = confi dence interval; ref. = reference; GED = General Edu-
cational Development credential; tech./voca./comm. = technical or vocational school or community college.
†.05 < p ≤ .10; *p ≤ .05; **p ≤ .01.

Race/ethnicity and parental education were included in the 
subsequent multivariate models because they were associated 
with RWI at the p = .25 level in at least one wave. Driving 
licensure and seat belt use were not associated with RWI 
simultaneously and prospectively at the p = .25 level and 
were not included in the models.

Multivariate models by wave

 Multivariate logistic regressions of RWI on variables in 
previous wave and W4 environmental status controlling for 
demographic variables were conducted in separate models 
by wave (W2–W4). RWI at W2, W3, and W4 were associ-
ated with RWI in the previous wave (Table 3). Alcohol use, 
substance use, heavy episodic drinking, and peer alcohol 
and substance use predicted higher RWI in all three models. 
Father’s and mother’s monitoring knowledge were protective 
factors against RWI in W2 and W3 models.
 For environmental variables, residence was signifi cantly 
associated with RWI (OR = 1.47, p < .05 for living on cam-
pus) at W4. School status and work status were not signifi -
cantly associated with RWI.

Transition models

 Five transition models for RWI are shown in Table 4. 
Overall, ORs in all models increased from W2. Signifi cant 
increases were found between W2 and W3 and/or between 
W2 and W4 in all models except Model 4. Model 1 exam-
ined the predictive effects of two individual variables (sub-
stance use and heavy episodic drinking) in previous waves 
on RWI, controlling for demographic variables and previous 
RWI. All three individual risk factors (substance use: OR = 
1.94, 95% CI [1.60, 2.35], p < .001; heavy episodic drink-
ing: OR = 2.00, 95% CI [1.56, 2.56], p < .001; and the 
history of RWI: OR = 3.72, 95% CI [2.91, 4.76], p < .001) 
in previous waves predicted current RWI. In Model 2, we 
added three social context variables (father’s and mother’s 
monitoring knowledge and friend’s alcohol and substance 
use) in previous waves to Model 1 to examine the predictive 
effects of social context variables on RWI above and beyond 
individual variables. None of the social context variables 
were signifi cantly associated with RWI in Model 2 when 
we controlled for demographic and individual variables. 
Because environmental variables were assessed only in W4, 
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an interaction term of variable by wave was used and added 
to Model 2 in separate regressions (Models 3, 4, and 5). In 
all three models, the three individual risk factors (substance 
use, heavy episodic drinking, and the history of RWI) were 
still signifi cantly associated with RWI. Only the interaction 
between Residence × Wave was modestly associated with 
RWI (Model 5)—for example, participants living on campus 
(OR = 1.38, 95% CI [0.97, 1.97], .05 < p < .10) at W4 were 
more likely to engage in RWI compared with those who were 
living at home at W4.
 When we reanalyzed the fi nal model, replacing heavy 
episodic drinking with drinking alcohol in the last 30 days, 
all the results remained the same.

Discussion

 DWI in teenage and young adult drivers has been widely 
studied. However, the extent of examination of risk and 
protective factors in teenagers who ride with impaired driv-
ers remains limited despite its considerable contribution to 
teen and young adult morbidity and mortality (NHTSA, 
2014a). Other research, as well as our own, shows that teens 
exposed to RWI are signifi cantly more likely to drive while 
intoxicated after licensure (Leadbeater et al., 2008; Li et al., 
2014c).

TABLE 3. Multivariate association between RWI and previous wave variables

 Wave 2 Wave 3 Wave 4
Previous year AOR [95% CI] AOR [95% CI] AOR [95% CI]

RWI
 No ref. ref. ref.
 Yes 5.58*** [4.00, 7.77] 5.94*** [3.99, 8.85] 5.15*** [3.57, 7.43]
Substance use
 No ref. ref. ref.
 Yes 2.92*** [2.16, 3.95] 4.18*** [2.90, 6.01] 3.69*** [2.61, 5.21]
Heavy episodic drinking
 No ref. ref. ref.
 Yes 4.16*** [2.76, 6.29] 4.50*** [3.14, 6.45] 3.29*** [2.26, 4.81]
Alcohol use
 No ref. ref. ref.
 Yes 3.62*** [2.50, 5.26] 4.29*** [3.02, 6.09] 3.01*** [2.10, 4.33]
Father’s monitoring knowledge 0.85* [0.73, 0.98] 0.76*** [0.68, 0.85] 0.88† [0.76, 1.02]
Mother’s monitoring knowledge 0.58*** [0.44, 0.76] 0.79* [0.64, 0.97] 0.85 [0.67, 1.08]
Peer alcohol and substance use 1.74*** [1.38, 2.18] 1.78*** [1.42, 2.24] 1.77*** [1.48, 2.10]
Work status at Wave 4
 Not working – – ref.
 Work part time < 30 hours – – 1.00 [0.66, 1.51]
 Work full time ≥ 30 hours – – 0.98 [0.63, 1.51]
School status after at Wave 4
 College/graduate school – – ref.
 Not attending school – – 1.12 [0.77, 1.62]
 Tech./voca./comm. – – 0.89 [0.59, 1.33]
Residence at Wave 4
 At home – – ref.
 On campus – –  1.47* [1.07, 2.02]
 On own place – – 1.30 [0.89, 1.89]

Notes: The model controlled for race/ethnicity and parental education. RWI = riding with an alcohol/drug-impaired 
driver; AOR = adjusted odds ratio; CI = confi dence interval; ref. = reference; tech./voca./comm. = technological or 
vocational school or community college.
†.05 < p ≤ .10; *p ≤ .05; ***p ≤ .001. 

 In our study, 52% of the teenagers reported RWI in at 
least one wave. RWI was consistently prevalent, with an av-
erage frequency of 27% across all four waves. For teenagers 
who did not report RWI at any one wave yet had remaining 
subsequent waves of assessment to participate in, nearly one 
in six reported RWI in a later wave. Previous RWI, alcohol 
use, substance use, and heavy episodic drinking were asso-
ciated with subsequent RWI in high school and in the fi rst 
post–high school year.
 Overall, our fi ndings contribute to the RWI literature in 
several ways. First, this four-wave study affi rms and builds 
on previously identifi ed fi ndings that included only two as-
sessment waves (10th and 11th grades; Li et al., 2014b) and 
showed prospective association between previous RWI and 
later RWI, as well as between drinking and RWI. We repli-
cate these fi ndings and show that they extend into both 12th 
grade and the fi rst year after high school.
 Second, we show that the teen’s perception of peer alcohol 
and substance use is longitudinally and prospectively associ-
ated with, as well as predictive of, RWI. Although previous 
research identifi es association between teens’ perceptions 
about their friends’ drinking and their own drinking (Borsari 
& Carey, 2001; Brooks-Russell et al., 2013; Rimal & Real, 
2005) and associations between risk-taking behavior and 
teenagers’ risky driving (Simons-Morton et al., 2011), this 
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TABLE 4. Transition models of RWI: Multivariate association between RWI and previous wave predictors

 Model 1 Model 2 Model 3 Model 4 Model 5
Variable AOR [95% CI] AOR [95% CI] AOR [95% CI] AOR [95% CI] AOR [95% CI]

Wave
 2             ref.            ref.            ref.            ref.            ref.
 3  1.58* [1.04, 2.41] 1.59 [1.05, 2.41] 1.59* [1.05, 2.41] 1.27 [0.86, 1.88] 1.76*** [1.23, 2.51]
 4  1.32 [0.91, 1.91] 1.31 [0.91, 1.89] 1.31 [0.91, 1.89] 1.15 [0.81, 1.63] 1.43* [1.04, 1.97]
RWI
 No             ref.            ref.            ref.            ref.            ref.
 Yes 3.72** [2.91, 4.76] 3.64 [2.84, 4.67] 3.64*** [2.84, 4.67] 3.63*** [2.82, 4.67] 3.66*** [2.84, 4.71]
Variables in previous wave
 Substance use
  No
  Yes 1.94*** [1.60, 2.35] 1.81 [1.50, 2.19] 1.81*** [1.50, 2.19] 1.82*** [1.50, 2.22] 1.81*** [1.49, 2.20]
 Heavy episodic drinking
  No
  Yes 2.00*** [1.56, 2.56] 1.86 [1.43, 2.42] 1.86*** [1.43, 2.42] 1.85*** [1.42, 2.42] 1.86*** [1.43, 2.42]
 Father’s knowledge  0.95 [0.87, 1.04] 0.95 [0.87, 1.04] 0.95 [0.86, 1.04] 0.95 [0.87, 1.04]
 Mother’s knowledge  1.00 [0.84, 1.19] 1.00 [0.84, 1.19] 0.99 [0.83, 1.18] 1.00 [0.84, 1.19]
 Peer alcohol and substance use  1.11 [0.95, 1.29] 1.11 [0.95, 1.29] 1.11 [0.95, 1.29] 1.10 [0.94, 1.29]
Interaction of Wave 4 ×
Environmental Status
 Work status
  W4 × Not Working             –           ref.            –            –
  W4 × Work Part Time <30 Hours             – 1.07 [0.67, 1.70]            –            –
  W4 × Work Full Time ≥30 Hours             – 0.96 [0.61, 1.50]            –            –
 School status
  W4 × College/Graduate School             –            –           ref.            –
  W4 × Not Attending School             –            – 1.02 [0.72, 1.47]            –
  W4 × Technical/Community College             –            – 0.88 [0.58, 1.32]            –
 Residence at W4
  W4 × At Home             –            –            –            ref.
  W4 × On Campus             –            –            – 1.38† [0.97, 1.97]
  W4 × On Own Place             –            –            – 1.32 [0.78, 2.23]

Notes: The model controlled for demographic variables and included variables listed. RWI = riding with an alcohol/drug-impaired driver; AOR = adjusted 
odds ratio; CI = confi dence interval; ref. = reference.
†.05 < p ≤ .10; *p ≤ .05; ***p ≤ .001.

association to RWI is new. This fi nding is consistent with 
other literature associating perceived social norms to risky 
driving behavior (Scott-Parker et al., 2014; Simons-Morton 
et al., 2011) and suggests that harm-reduction strategies 
should focus on early identifi cation of RWI and consider 
social normative change perspectives.
 Third, a wide range of research has been conducted in 
parental behavioral control, parental monitoring knowledge, 
and their effects on teenage drug and alcohol use and other 
problem behaviors (Barnes et al., 2000; Dols et al., 2010; 
Laird et al., 2003; Li et al., 2014b; Roche et al., 2008). 
Our multivariate logistic regressions of RWI on variables 
in previous wave fi ndings show that the teenager’s parental 
monitoring knowledge may be protective of RWI. These 
fi ndings were evident in both W2 (11th grade) and W3 (12th 
grade) and suggest that there could be benefi t from efforts 
to enhance parental monitoring and suppress its fading in 
the fi nal years of high school. Furthermore, this same tim-
ing could yield unique opportunities to engage parents and 
their teens to promote reappraisal of behaviors that not only 
put health at risk but also have more salient legal, employ-
ment, and academic implications as adolescents transit into 

early adulthood. Bolstering parental monitoring could further 
protect teens from RWI and subsequently reduce DWI during 
emerging adulthood.
 Finally, the result of our transition model analysis sug-
gests that, as teens move out of high school and into their 
fi rst post–high school year, the location and setting in which 
teens choose to take up residence may affect their RWI. 
Whether enrolled in higher education or not, teens encounter 
new changes in the context in which they live (e.g., where, 
with whom, employment), with the need to extend/develop 
new peer/friend groups and networks. Consequently, changes 
in exposure pattern and access to alcohol, other drugs, and 
a vehicle could lead to more RWI and DWI. This fi nding 
alone has important implications for prevention efforts, 
particularly from a higher education institution policy per-
spective. Across the country, alcohol and drug related harm-
reduction education routinely occurs during the orientation 
of new students to a college campus. During this time, the 
opportunity exists to incorporate prevention messages and 
actions specifi cally directed at mitigating RWI. Moreover, 
university and college campus programs and policies could 
be enhanced to detract students from engaging in RWI.
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Limitations

 First, our measure of RWI did not differentiate between 
those teens who use alcohol more than other drugs, vice 
versa, or in combination at the times that they engaged 
in RWI. Further, it did not identify the driver in the RWI 
episode as a teenage friend, parent, or other adult. It is also 
likely that there was some variability in the rider’s ability to 
accurately identify drivers as impaired. Finally, our study 
uses adolescent self-reports instead of direct parental reports 
in assessing parental monitoring knowledge.
 Despite these limitations, our study is strengthened by 
the use of a recent, very large, nationally representative 
sample of high school students. Also, we used transition 
model analysis. This offers several advantages over common 
longitudinal approaches and includes the ability to trace the 
development of RWI over time by taking into account auto-
correlation of repeated measures of covariates and outcomes. 
Transition models examine the combined effects over mul-
tiple assessments of the history of an outcome variable (i.e., 
RWI) and the most proximal past measurement of covariates 
on the outcome of interest, thus capturing accumulated dy-
namic factors affecting transition or change in outcome over 
time (Diggle et al., 2002).

Conclusions

 Substance use, heavy episodic drinking in previous waves, 
and a history of RWI were persistent factors of RWI in a dy-
namic pattern. Living on campus the fi rst post–high school 
year increased the risk of engaging in RWI. The fi ndings 
suggest the need for prevention strategies that address peer 
effects and bolster parental infl uence in college freshmen.

References

Baranowski, T., Perry, C. L., & Parcel, G. S. (2002). How individuals, 
environments, and health behavior interact. Health behavior and health 
education (pp. 165–184). San Francisco, CA: Jossey-Bass.

Barnes, G. M., Reifman, A. S., Farrell, M. P., & Dintcheff, B. A. (2000). The 
effects of parenting on the development of adolescent alcohol misuse: 
A six-wave latent growth model. Journal of Marriage and Family, 62, 
175–186. doi:10.1111/j.1741-3737.2000.00175.x.

Bohnert, K. M., Anthony, J. C., & Breslau, N. (2012). Parental monitoring 
at age 11 and subsequent onset of cannabis use up to age 17: Results 
from a prospective study. Journal of Studies on Alcohol and Drugs, 73,
173–177. doi:10.15288/jsad.2012.73.173.

Borsari, B., & Carey, K. B. (2001). Peer infl uences on college drinking: 
A review of the research. Journal of Substance Abuse, 13, 391–424. 
doi:10.1016/S0899-3289(01)00098-0.

Brooks-Russell, A., Simons-Morton, B., Haynie, D., Farhat, T., & Wang, 
J. (2014). Longitudinal relationship between drinking with peers, de-
scriptive norms, and adolescent alcohol use. Prevention Science, 15, 
497–505. doi:10.1007/s11121-013-0391-9.

Centers for Disease Control and Prevention. (2010). Youth Risk Behavior 
Surveillance—United States, 2009. Morbidity and Mortality Weekly 

Report Surveillance Summaries, 59 (No. SS-5), 1–142. Retrieved from 
http://www.cdc.gov/mmwr/preview/mmwrhtml/ss5905a1.htm

Currie, C., Roberts, C., Morgan, A., Smith, R., Settertobulte, W., Sam-
dal, O., & Rasmussen, V. B. (Eds.). (2004). Young people’s health in 
context. Health Behaviour in School-aged Children (HBSC) study: 
International report from the 2001/2002 survey. Health policy for 
children and adolescents, No. 4. Copenhagen, Denmark: World Health 
Organization. Retrieved from http://www.euro.who.int/__data/assets/
pdf_fi le/0008/110231/e82923.pdf?ua=1

DiClemente, R. J., Wingood, G. M., Crosby, R., Sionean, C., Cobb, B. 
K., Harrington, K., . . . Oh, M. K. (2001). Parental monitoring: As-
sociation with adolescents’ risk behaviors. Pediatrics, 107, 1363–1368. 
doi:10.1542/peds.107.6.1363.

Diggle, P. J., Heagerty, P. J., Liang, K.-Y., & Zeger, S. L. (2002). Analysis of 
longitudinal data. New York, NY: Oxford University Press.

Dols, S. T., González, F. J. Á., Aleixandre, N. L., Vidal-Infer, A., Rodrigo, 
M. J. T., & Valderrama-Zuriá, J. C. (2010). Predictors of driving after 
alcohol and drug use among adolescents in Valencia (Spain). Accident 
Analysis & Prevention, 42, 2024–2029. doi:10.1016/j.aap.2010.06.013.

Evans-Whipp, T. J., Plenty, S. M., Toumbourou, J. W., Olsson, C., Rowland, 
B., & Hemphill, S. A. (2013). Adolescent exposure to drink driving as a 
predictor of young adults’ drink driving. Accident Analysis and Preven-
tion, 51, 185–191. doi:10.1016/j.aap.2012.11.016.

Harris, K. M., Halpem, C. T., Whitsel, E., Hussey, J., Tabor, J., Entzel, P., 
& Udry, J. R. (2009). The National Longitudinal Study of Adolescent 
Health: Research Design (Wave I Indexes of Questions and Variables).
Retrieved from http://www.cpc.unc.edu/projects/addhealth/design

Hosmer, D. W., Jr., Lemeshow, S., & Sturdivant, R. X. (2013). Applied 
logistic regression (3rd ed.). Hoboken, NJ: John Wiley & Sons.

Johnston, L. D., O’Malley, P. M., Bachman, J. G., & Schulenberg, J. E. 
(2010). Monitoring the future: National results on adolescent drug 
use. Ann Arbor, MI: Institute for Social Research, The University of 
Michigan.

Laird, R. D., Pettit, G. S., Bates, J. E., & Dodge, K. A. (2003). Parents’ 
monitoring-relevant knowledge and adolescents’ delinquent behavior: 
Evidence of correlated developmental changes and reciprocal infl uences. 
Child Development, 74, 752–768. doi:10.1111/1467-8624.00566.

Leadbeater, B. J., Foran, K., & Grove-White, A. (2008). How much can you 
drink before driving? The infl uence of riding with impaired adults and 
peers on the driving behaviors of urban and rural youth. Addiction, 103,
629–637. doi:10.1111/j.1360-0443.2008.02139.x.

Li, K., Iannotti, R. J., Haynie, D. L., Perlus, J. G., & Simons-Morton, B. G. 
(2014a). Motivation and planning as mediators of the relation between 
social support and physical activity among U.S. adolescents: A nation-
ally representative study. International Journal of Behavioral Nutrition 
and Physical Activity, 11, 42. doi:10.1186/1479-5868-11-42.

Li, K., Simons-Morton, B. G., Brooks-Russell, A., Ehsani, J., & Hingson, 
R. (2014b). Drinking and parenting practices as predictors of impaired 
driving behaviors among U.S. adolescents. Journal of Studies on Alcohol 
and Drugs, 75, 5–15. doi:10.15288/jsad.2014.75.5.

Li, K., Simons-Morton, B. G., & Hingson, R. (2013). Impaired-driving 
prevalence among US high school students: Associations with substance 
use and risky driving behaviors. American Journal of Public Health, 
103, e71–e77. doi:10.2105/AJPH.2013.301296.

Li, K., Simons-Morton, B. G., Vaca, F. E., & Hingson, R. (2014c). Associa-
tion between riding with an impaired driver and driving while impaired. 
Pediatrics, 133, 620–626. doi:10.1542/peds.2013-2786.

Little, R. J. A., & Rubin, D. B. (2002). Statistical analysis with missing 
data. Hoboken, NJ: Wiley.

National Highway Traffi c Safety Administration. (2014a). Traffi c safety facts 
2012 data: Young drivers (DOT HS 812 019). Washington, DC: Author. 
Retrieved from http://www-nrd.nhtsa.dot.gov/Pubs/812019.pdf

National Highway Traffi c Safety Administration. (2014b). Traffi c safety 
facts 2013 data: Alcohol-impaired driving (DOT HS 812 102). Wash-



 VACA ET AL. 85

ington, DC: Author. Retrieved from http://www-nrd.nhtsa.dot.gov/
Pubs/812102.pdf

O’Malley, P. M., & Johnston, L. D. (2007). Drugs and driving by American 
high school seniors, 2001–2006. Journal of Studies on Alcohol and 
Drugs, 68, 834–842. doi:10.15288/jsad.2007.68.834.

Raghunathan, T. E., Solenberger, P. W., & Van Hoewyk, J. (2002). IVEware: 
Imputation and variance estimation software. Ann Arbor, MI: Survey 
Methodology Program, Survey Research Center, Institute for Social 
Research, University of Michigan.

Rimal, R. N., & Real, K. (2005). How behaviors are infl uenced by perceived 
norms: A test of the theory of normative social behavior. Communica-
tion Research, 32, 389–414. doi:10.1177/0093650205275385.

Roche, K. M., Ahmed, S., & Blum, R. W. (2008). Enduring consequences 
of parenting for risk behaviors from adolescence into early adult-
hood. Social Science & Medicine, 66, 2023–2034. doi:10.1016/j.
socscimed.2008.01.009.

Scott-Parker, B., Watson, B., & King, M. J. (2009). Understanding the 
psychosocial factors infl uencing the risky behaviour of young drivers. 
Transportation Research Part F: Traffi c Psychology and Behaviour, 12, 
470–482. doi:10.1016/j.trf.2009.08.003.

Scott-Parker, B., Watson, B., King, M. J., & Hyde, M. K. (2014). Young 
novice drivers and the risky behaviours of parents and friends during 

the provisional (intermediate) licence phase: A brief report. Accident 
Analysis and Prevention, 69, 51–55. doi:10.1016/j.aap.2013.11.016.

Simons-Morton, B. G., & Farhat, T. (2010). Recent fi ndings on peer group 
infl uences on adolescent smoking. Journal of Primary Prevention, 31, 
191–208. doi:10.1007/s10935-010-0220-x.

Simons-Morton, B. G., Ouimet, M. C., Zhang, Z., Klauer, S. E., Lee, S. E., 
Wang, J., . . . Dingus, T. A. (2011). The effect of passengers and risk-
taking friends on risky driving and crashes/near crashes among novice 
teenagers. Journal of Adolescent Health, 49, 587–593. doi:10.1016/j.
jadohealth.2011.02.009.

Spriggs, A. L., Iannotti, R. J., Nansel, T. R., & Haynie, D. L. (2007). Ado-
lescent bullying involvement and perceived family, peer and school rela-
tions: Commonalities and differences across race/ethnicity. Journal of 
Adolescent Health, 41, 283–293. doi:10.1016/j.jadohealth.2007.04.009.

Steinberg, L., Fletcher, A., & Darling, N. (1994). Parental monitoring and 
peer infl uences on adolescent substance use. Pediatrics, 93, 1060–1064. 
Retrieved from http://pediatrics.aappublications.org/content/93/6/1060.
long

Tabachnick, B. G., & Fidell, L. S. (2001). Using multivariate statistics. 
Boston, MA: Pearson.

van Buuren, S., & Groothuis-Oudshoorn, K. (2011). mice: Multivariate 
imputation by chained equations in R. Journal of Statistical Software, 
45, 1–67. doi:10.18637/jss.v045.i03.




