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Abstract

Objective: Determine crash risk in adults with a history of childhood ADHD and persistent
ADHD symptoms.

Method: Participants with (n = 441) and without (n = 239; local normative comparison group,
LNCG) childhood ADHD from the Multimodal Treatment Study of ADHD (MTA) were included.
Participants provided self-reports on the total number of motor vehicle crashes (MVCs) they had
been involved in and the time of licensure. Driving experience was estimated as the number of
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months since licensure. Total number of MV Cs by adulthood was regressed on baseline ADHD
status adjusting for sex, age at follow-up, driving experience, baseline ODD/CD comorbidity,
baseline household income level, adult ODD/CD symptoms, adolescent and adult substance use,
and adult antisocial personality disorder symptoms. We repeated the analysis using adult ADHD
status (persistent vs. desistant vs. LNCG) and symptom level as the predictor variable. Results are
presented as Incidence Rate Ratios (IRR) and Confidence Intervals (Cl).

Results: Childhood ADHD was associated with a higher number of crashes (IRR = 1.45,

Cl =1.15t0 1.82) and adult ADHD symptom persistence was associated with more crashes
than desistence (IRR = 1.46, Cl = 1.14 to 1.86). ADHD desistence was not associated with a
significantly increased risk for crashes compared to the LNCG (IRR = 1.24, Cl = 0.96 to 1.61).
Concurrent symptoms of inattention and hyperactivity/impulsivity predicted MVC risk.

Conclusion: Adult ADHD persistence is a stronger predictor of motor vehicle crash risk than
childhood-limited ADHD.

LAY ABSTRACT

This study compares the risk of motor vehicle crashes in adult drivers with persistent
Attention-Deficit/Hyperactivity Disorder (ADHD) symptoms versus adults with childhood-limited
(desistent) ADHD. Our results show that adults with a childhood diagnosis of ADHD have a
higher risk for car crashes than adult drivers without childhood ADHD (incidence rate ratio =
1.45). We also found that adults with persistent ADHD (incidence rate ratio = 1.81), but not
desistant ADHD, had a high risk for car crashes compared to adults without any childhood
ADHD.

Keywords

Attention-Deficit/Hyperactivity Disorder (ADHD); driving; motor vehicle crashes; ADHD
persistence; comorbidity

INTRODUCTION

Attention Deficit/Hyperactivity Disorder (ADHD) is characterized by developmentally
inappropriate levels of inattention and hyperactivity/impulsivity that significantly impair
daily life functioning.! Once considered a disorder exclusive to childhood, it has become
increasingly clear that ADHD often persists into adulthood. Estimates of childhood cases
persisting into adulthood vary significantly, ranging from 5-75% across studies.? A meta-
analysis reported that full persistence of childhood ADHD (i.e., meeting full diagnostic
criteria for the disorder as an adult) occurs in about 15% of cases, but that as many

65% of individuals with childhood ADHD partially meet diagnostic criteria for ADHD in
adulthood.3

Recently, data from the Multimodal Treatment Study of ADHD (MTA) was used to examine
the functional impairment experienced by individuals with persistent ADHD in comparison
to individuals whose symptoms remit or “desist” in adulthood as well as a community
control group, consisting of individuals who did not meet criteria for ADHD as children.*
The groups exhibited a pattern in which the community control group was the least
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impaired, while the persisters were the most impaired across several areas of functioning
assessed (educational, occupational, emotional, substance use, legal problems and sexual
behavior). Desisters’ functioning fell in-between the two groups with their impairment being
significantly less than that of their peers whose ADHD persisted. Although, driving was not
examined as an area of impairment in this MTA follow-up study,* the consequences of being
involved in motor vehicle crashes (MVC) can be potentially life-threatening.

MVCs are a leading cause of death among individuals ages 18-25, the age range of the MTA
follow-up sample, and accounted for nearly half of all unintentional injury-related deaths in
this age range in 2017.% What is of concern is that prior studies consistently show a risk for
MVCs in individuals with ADHD that is approximately 30% higher than in those without
ADHD.8 Individuals with ADHD often report greater numbers of traffic violations, speeding
violations, and license suspensions, 6 and also report engaging in significantly greater levels
of risky driving on psychometrically valid measures of risky driving (e.g., Driving Behavior
Questionnaire”) than do individuals without ADHD.8 Impairments in driving also extend to
problems with basic driving abilities. For example, simulated driving studies suggest that
individuals with ADHD exhibit problems with maintaining control of their cars as indicated
by greater variability in steering and lane position of the car in comparison to individuals
without ADHD.%-11

The distinction between childhood ADHD and persistent/desistent adult ADHD has not
been made when examining ADHD-MVC risk, but there is reason to believe that this
distinction is important. Concurrent symptom levels are a strong predictor of risky driving in
ADHD.12-13 studies involving individuals who met diagnostic criteria for ADHD symptoms
at the time of assessment find impairments in outcomes (e.g., repeated MVCs and moving
violations)!2 and driving abilities (e.g., problems with maintaining lane position)3-14

in comparison to controls. Conversely, studies that did not assess concurrent symptom
levels, and instead examined the effect of childhood ADHD on adult MVC risk, failed to
find some differences in driving in individuals with childhood ADHD in comparison to
controls (e.g., Molina et al.1%). Differences in study findings suggest that it is important

to consider childhood ADHD versus ADHD persistence when examining the ADHD-MVC
risk association. Longitudinal studies, such as the MTA, offer the opportunity to examine the
impact of both childhood ADHD and ADHD persistence and desistence on MV C risk.

The literature examining the ADHD-MVC association contains several limitations calling
into question the extent to which ADHD increases MV C risk. Several early studies
contained small sample sizes consisting of convenience samples drawn from ADHD
specialty assessment clinics. These study findings may have limited generalizability since
the samples might have represented cases of ADHD that are more severe than would

be found in community-based samples and therefore could result in overestimates of this
risk. Recently, population-based studies have addressed these limitations and suggest that
ADHD is associated with increased MV C risk. For example, the association between
ADHD diagnosis and MVC risk was assessed in one study by linking medical records
from primary care clinics, not ADHD specialty clinics, to state driving records in a sample
of adolescents and young adults.18 Study findings indicated that ADHD increased risk

of crash significantly for both males and females (Hazard Ratio = 1.42 and 1.25 for
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males and females, respectively). This study was particularly strong as it did not rely on
self-report of MVC involvement, which can be biased due to problems with recall and
social desirability. A study using a Swedish longitudinal population-based registry reported a
similar ADHD hazards ratio of 1.47 for MV Cs involving emergency hospital visits or death
(based on administrative records) after adjusting for covariates.}” Finally, a longitudinal
prospective study of over 3,000 drivers examined the relationship between ADHD status

at the beginning of the study and self-reported MVC involvement 3 years later, reporting

a significant odds ratio of 2.21 after accounting for demographic variables for individuals
meeting diagnostic criteria for ADHD.12 Using the same sample as Aduen et al.,X® similar
results were reported when analyses were run using recordings of naturalistic driving to
measure MVC involvement.18 While these studies offer stronger evidence for the ADHD-
MVC risk, their study designs did not allow for an analysis of the ADHD persister and
desister distinction.

Obtaining a valid epidemiologic measure of the true ADHD-MVC risk also requires
accounting for appropriate confounding variables in analytical models. A meta-analysis

of 16 studies examining differences in MV C involvement across samples of individuals
with and without ADHD identified two variables that attenuate, but do not eliminate, the
ADHD-MVC association when accounted for in analyses. First, individuals with ADHD
consistently reported driving more miles than their non-ADHD counterparts across studies,
which Vaa® conceptualized as differences in “exposure” to driving. Accounting for this
effect reduced the relative risk estimate from 1.36 to 1.23. While self-report of miles

driven is one method of assessing exposure, there may be problems with this approach
given that individuals with ADHD exhibit difficulties with estimation.1® Using months since
licensure as an indicator of exposure might be less subject to problems with estimation.

The second confounding variable identified in the meta-analysis was ODD/CD comorbidity
and removing the effect of ODD/CD reduced the relative risk estimate for the ADHD

effect from 1.86 to 1.31 (Vaa®). Since research supports a theoretical model in which
individuals with comorbid childhood ADHD/ODD exhibit a developmental pathway to
antisocial behavior in adulthood,29 we argue that current symptoms of antisocial personality
disorder (ASPD) are another important confounding variable to account for when examining
the ADHD-MVC association. In fact, driving research has linked ASPD symptoms to
important driving related behaviors and outcomes including road rage and MV C-related
deaths. Socioeconomic status, which predisposes to a high risk for negative outcomes in
ADHD, also increases risk for MVCs and can affect access to driving and likelihood of
licensure.?1-24 Thus, socioeconomic status may too confound the ADHD-MVC association.
Finally, substance use is another potentially important confounding variable to account for
in analyses given that adults with ADHD engage in higher frequency substance use in
comparison to adults without ADHD and that alcohol use increases MVC risk in adults with
ADHD.?

The present study uses the MTA sample to examine the risk of MVCs involving

drivers diagnosed with ADHD in childhood. Here we assess the risk of MVC
involvement, accounting for variables that may confound the true risk of ADHD status

on crash involvement, including months driving experience, childhood and adult ODD/CD

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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comorbidity, socioeconomic status, adult ASPD symptoms, and substance use. We also
assess the effects of adult ADHD persistence versus desistence on MVC.

This study uses data from the National Institute of Mental Health (NIMH) Multimodal
Treatment Study of Children with ADHD (MTA). The MTA was a 14-month randomized
clinical trial of 579 children with ADHD, aged 7-10 years, with a 10 month follow-up at 24
months after baseline. The MTA then continued as an observational study with assessments
in childhood (3 years after baseline), adolescence (6, 8 and 10 years after baseline), and
adulthood (12, 14 and 16 years after baseline). An age- and sex-matched comparison group
of 272 children (LNCG, Local Normative Comparison Group) was recruited 2 years after
baseline and followed at the same intervals as the original MTA group. Further details on the
MTA cohort and LNCG are available in previous publications.1:26-29

The current study is based on participants who were assessed at least once in adulthood
(either the 12, 14, or 16 year follow-up). This included 453 participants with ADHD (ADHD
group) and 241 without baseline ADHD (the LNCG).30 Of these 694 participants, 12 were
driving without a license (n(apHp) = 11, N(Lnce) = 1). Driving experience could not be
calculated for these participants and they were excluded from further analyses. In addition,
information on age at licensure was missing for two participants (n(apHp) = 1, N(LNCG) =

1) who were also excluded from analyses. This led to a final sample size of 680 (N(apHD)
=441, niLncg) = 239). Table 1 compares baseline characteristics of participants from the
original MTA (n = 579) who were included in this study (n = 441) versus those not included
(n = 138). We found no differences in baseline age, baseline ADHD symptom severity,

and baseline ODD/CD status between participants included and those lost to follow-up.
However, significant differences in baseline socioeconomic status were present between

the two groups. Median household income at baseline in the current subsample ranged

from $40,000 to $50,000 per annum, but ranged from $30,000 to $40,000 in those lost

to follow-up. Parental educational attainment levels, maternal age, participants’ sex, and
ethnicity also differed between the two groups.

The MTA was approved by Institutional Review Boards and all procedures were carried
out in accordance with the Declaration of Helsinki. Participants were informed of the study
procedures and provided written consent/assent.

Our driving outcome was number of MV Cs. Information on MVCs was available via
self-reports from the 6-year follow-up onwards. Participants reported ‘the total number of
times they were the driver of a vehicle that was involved in an accident regardless of whether
they were judged to be at fault or not’. We calculated the fotal number of (i.e., cumulative)
crashes between licensure and the last available adult assessment time-point. That is, one
crash outcome measure was available for each participant.

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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Adult ADHD persistence and desistence was defined as in Sibley et al.30 Briefly, we used
the Conners’ Adult ADHD Rating Scale (CAARS), using both self and parent reports, to
determine ADHD symptoms. Presence of an ADHD symptom was defined as an item score
of 2 (“Pretty much, often”) or 3 (“Very much, very frequently”) on the 0-3 scale endorsed
by either self or parent, with the requirement that both self and parent measures be available.
Impairment was considered positive with a score of 3 or more on either self or parent ratings
of the Impairment Rating Scale (IRS) summary item. We used DSM 5 symptom count (=

5 symptoms), age of onset (before 12 years of age), and impairment criteria to classify
participants as diagnostic persisters or desisters. Participants meeting the DSM criteria at
any adult follow-up were classified as persisters. With this algorithm, 220 participants from
our study sample were classified as persisters and 221 as desisters.

Driving experience

Between adolescence and adulthood, participants reported on several driving behaviors
including whether or not they possessed a driver’s license. Based on the first assessment
point at which they reported having obtained a license (participant’s response was required
on, first “/ currently do not have a driver’s license (YES/NO)”, and second, if answered
“YES’ to previous question, “/ currently have a driver’s license for ‘n’ months out of

the past two years’, with two years being the interval between two MTA assessments),

we determined age at licensure. We approximated driving experience by subtracting age
at licensure from age at the last available assessment in adulthood. Thus, our driving
experience variable represents the total number of months between licensure and the adult
assessments. Note, however, that our measure ‘driving experience’ does not estimate true
experience, as frequency of driving may differ between participants.

Income levels

Baseline household income levels were assessed via parent-reports. We included household
income as a proxy for socioeconomic status.

Oppositional defiant and conduct disorders

Comorbid oppositional defiant disorder (ODD) and conduct disorder (CD) were determined
at baseline according to DSM-I1I-R criteria as assessed by the Diagnostic Interview
Schedule for Children — Parent version or DISC-P.31 A baseline diagnosis of either ODD or
CD was included as a covariate in our analyses.

ODD/CD in adulthood was operationalized as the mean of ODD and CD symptoms across
all three adult assessment waves, assessed via the DISC-P. Adult ODD/CD was also
included as a covariate.

Substance use

Substance use was assessed in adolescence and adulthood with the Substance Use
Questionnaire32 adapted for the MTA.33 Substance use variables were comparable to
measures of substance use in other longitudinal studies published previously.33 Participants

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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reported the frequency of alcohol and marijuana use in the past year on an 11-point scale,
or, for adolescents, in the past 6 months. The response scales were harmonized to ensure
comparability of rating scales from the adolescent and adulthood questionnaires.3* The
highest reported past year frequencies across adolescence and adulthood for each of alcohol
and marijuana were used in analyses.

Antisocial personality disorder

Analysis

RESULTS

The Wisconsin Personality Disorders Inventory (WISPI-1V)3% was administered at the 16-
year follow-up. The WISPI-1V is a 214-item self-report questionnaire with participants
rating each item on a scale of 1-10. Items are combined to provide scores for 11 personality
disorder subscales. Adequate convergent and discriminant validity has been demonstrated
for the WISP1.36 We included mean scores from the antisocial personality disorder subscale
of the WISPI.

We used robust Poisson regressions to assess for ADHD-related differences in car crashes
rates while controlling for relevant covariates. Our outcome ‘car crashes’ was a count
variable (calculated by totalling all car crashes between licensure and the last available
assessment point for each participant) and to account for the variation in driving experience
between participants, we included driving experience as an offset in the Poisson regression
model. That is, “car crashes’ was regressed on diagnosis at baseline (ADHD or LNCG)
and we included the natural log of driving experience with a fixed coefficient of one as

an offset variable in the model. We also controlled for the following variables: sex (sex
was added as a covariate as sex-based differences in driving may be seen, both in the
general population, as well as specific to populations with ADHD?3"), age at follow-up

(we adjusted for age at follow-up as higher age may be associated with improvements in
driving behaviors), baseline diagnosis of oppositional defiant disorder (ODD) or conduct
disorder (CD), baseline household income levels, the highest frequency of alcohol and
highest frequency of marijuana use, adult ODD/CD symptom scores and adult antisocial
personality disorder (ASPD).

We repeated the regression using adult ADHD status (persister or desister or LNCG) as
the grouping variable. We also examined associations between dimensional adult ADHD
symptom levels and total crashes.

Results are presented as Incidence Rate Ratios (IRR), Confidence Intervals (CI), and p-
values. P-values were adjusted using the Benjamini-Hochberg False Discovery Rate (FDR)
to account for multiple testing.38 Analyses employed R software, version 3.5.2. (©The R
Foundation for Statistical Computing, 2018), and IBM SPSS Statistics for Windows, \Version
24 (© IBM Corporation 1989, 2016).

Table 2 presents a comparison of the ADHD group and the LNCG across a few key
variables. Total car crashes per subject and alcohol use were comparable in the two groups.
Age at licensure, marijuana use, ASPD symptom scores and adult ODD/CD symptom scores

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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were higher in the ADHD group than the LNCG. Licensure rates and baseline annual
household income levels (median income LNCG = $50,000 to $60,000; median income
ADHD = $40,000 to $50,000) were lower in the ADHD group than the LNCG.

Table 3 presents a comparison of the persistent and the desistant groups. Age at licensure
and licensure rates did not differ between persisters and desisters. Significant differences
were found between the two groups in marijuana use, ASPD symptom scores and adult
ODD/CD symptom scores (Table 3).

We carried out Poison regressions to determine associations of baseline and adult ADHD
status with MV C risk, adjusting for driving experience, sex, age at follow-up, baseline
comorbid ODD/CD, baseline household income levels, the highest frequency of alcohol and
highest frequency of marijuana use, adult ODD/CD symptom scores and adult ASPD scores.
Results from these fully adjusted models showed that a diagnosis of ADHD at baseline was
associated with a higher number of MV Cs by adulthood (IRR =1.45, CI =1.15t01.82, p
=.006). Comparisons of persisters, desisters and the LNCG showed that the persistent group
was associated with a higher rate of MVCs than the desistant group (IRR =1.46, Cl =1.14
to 1.86, p = .007) or the LNCG (IRR = 1.81, Cl = 1.40 to 2.36, p = .0004). MVC rates in

the desister group was comparable to that of the LNCG (IRR =1.24,Cl =0.96t0o 1.61, p =
.17). Figure 1 presents an overview of IRRs and Cls for baseline and adult ADHD groups.
Mean ADHD symptom levels in adulthood (within the baseline ADHD group only) showed
a significant association with MVCs (IRR = 1.71, Cl = 1.31 to 2.23, p = .001). Both adult
inattention (IRR = 1.51, Cl =1.20 to 1.91, p =.003) and hyperactive/impulsive symptom
levels (IRR = 1.54, Cl = 1.20 to 1.98, p = .005) were associated with MVCs.

To explore the role of driving experience in crash risk, we first ran a regression model
including only baseline ADHD status as our predictor, without adjusting for any covariate
(unadjusted model). Next, we added driving experience to the regression model (partly
adjusted model; did not include any other covariate) to compare the effects of adjusting for
driving experience as opposed to not adjusting for driving experience in the associations
between ADHD and MVCs. In the unadjusted model, we found no association between
baseline ADHD and MVCs (unadjIRR = 1.11, unadjCl = 0.95 to 1.30, unadjp = .18).
However, adjustment for driving experience revealed a significant association of baseline
ADHD status with MVCs (adjIRR = 1.32, adjCl = 1.13 to 1.54, adjp = .0004). Similarly,
we found no differences in MV Cs between persisters and the LNCG (unadjIRR = 1.11,
unadjCl = .93 to 1.34, unadjp = .25) or between persisters and the desisters (unadjIRR
=1.11, unadjCl = .92 to 1.35, unadjp = .27) in the unadjusted model. Adjustment for
driving experience resulted in significant differences in MV Cs between persisters and
LNCG (adjIRR = 1.59, adjCl = 1.32 to 1.90, adjp < .001) and between persisters and
desisters (adjIRR = 1.48, adjCl = 1.22 to 1.78, adjp < .001).

DISCUSSION

We found that adult drivers with childhood ADHD were at a higher risk for MV Cs after
accounting for driving experience as months since licensure, sex, age at follow-up, baseline
ODD/CD comorbidity status, baseline household income, adult ODD/CD symptoms,

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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alcohol and marijuana use, and adult ASPD symptoms. The present study contributes to

the literature by making the distinction between those whose childhood ADHD persisted and
desisted in adulthood when examining the ADHD-MVC association. We found that within
the ADHD group, persisters, but not desisters had an increased MV C risk in comparison to
individuals who have never met diagnostic criteria for ADHD.

A previous MTA study demonstrated that although persisters had the worst functional
outcomes, desisters also performed poorly in educational and occupational domains.3 In
the present study, however, we did not find any increased crash risk among desisters. The
low crash risk associated with desistence appears to be explained by differences in ADHD
symptom severity and highlight that concurrent, rather than childhood ADHD, increases
risk of an MVC. Consistent with this explanation, our results showed that both adult
inattention symptom levels and hyperactivity/impulsivity symptom levels were associated
with car crashes. The higher risk of MVCs in persisters could also be related to the

timing of driving skill development. Driving abilities are gained later in life (mid-to-late
adolescence), when desisters may already see a reduction in their ADHD symptom levels.
This, unlike educational and occupational outcomes, which are dependent on skills gained
throughout childhood, adult driving outcomes may only be impaired if ADHD persists. This
may explain why the continuation of ADHD symptomes, either inattentive or hyperactive/
impulsive, is predictive of MVCs.

The associations between ADHD and MVC in adult drivers (1.45t01.81) were stronger than
that reported in previous population-based studies (1.25 to 1.47) (Curry et al.16; Chang et
al.17). Estimates in our study were strongest when comparing ADHD persisters to controls.
Notably, these population-based studies utilized objective measures of MV Cs including state
driving records (Curry et al.16), hospital visits, and video-camera recordings (Aduen et al.12)
and yet our findings, which relied on self-report of MV Cs, are only somewhat greater than
theirs. We also examined the ADHD symptom dimension-MVC risk association within the
childhood ADHD group. Our dimensional analysis results are similar to those reported

by Aduen et al.,18 in which total ADHD symptom severity significantly predicted crashes
and near-crashes. While significant, their reported IRR’s (1.05 and 1.06 for crashes and
near-crashes, respectively) were lower than the estimates we found in our study (1.51 and
1.54). Thus, the ADHD-MVC association appears to be strongest when using self-report, as
we did, than when using administrative records (Chang et al.1”; Curry et al.16), and is even
less pronounced when using real-world measures of MVC involvement (Aduen et al.18).

Clinicians will need to walk a delicate tightrope between the need to impart necessary
safety information to families and the general public, and the need to avoid contributing to
stigma that individuals with ADHD already face.3? Stigma occurs when the population

at large accepts negative stereotypes about a group, applying it, accurately or not, to

each and every member of that group.%9 When the public stigma includes stereotypes

that individuals present a safety risk to themselves or others, the consequences can be
particularly damaging.#? Mueller and colleagues (2012)4° warned that individuals with
ADHD may face public stigma because, as a group, they have been reported to be at
greater risk for socially unacceptable behavior such as illicit substance use. Our findings
suggest that those with a childhood history of ADHD also are at increased risk for MVC,

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.
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on average. Hence, increasing awareness among drivers with ADHD, their families, and
clinicians who work with them is an important step in preventing MVCs among drivers with
ADHD. However, it is important that these findings are discussed in a balanced way so
they do not contribute to perceptions of individuals with ADHD as universally presenting

a safety risk to those around them. One way to do this is to place this information in the
context of our findings related to ADHD persistence versus desistence: MV C risk appears to
be specific to individuals whose childhood ADHD persists into adulthood, with symptoms
of inattention and hyperactivity/impulsivity being predictive of MV C risk. This finding
suggests that continuous management of ADHD symptoms in adulthood may prevent

MV Cs. Such information could motivate individuals with ADHD to continue treatments
for ADHD symptoms or to seek interventions that target specific impairments. For example,
there is some evidence to suggest that training with driving simulators may improve driving
abilities in the short term (Fabiano et al., 2016). While, additional studies on driving
simulator based training are needed to estimate their long-term utility and before such
training is routinely implemented, providing such information may help youth with ADHD
understand the complex pathways leading to an MV C risk, stay abreast of developments in
the field, and consequently feel empowered and in charge of their lives. Moreover, some
youth with ADHD may decide (or their parents may decide for them) to postpone obtaining
a driver’s license until they mature further, and it is important to discuss the implications

of such delays. That is, delaying licensure may not improve outcomes*! perhaps because
driving is an acquired skill that improves with practice,*? and licensure delays beyond
adolescence could lead to a loss of opportunities to train under safe conditions (such

as with the graduated driver’s licensing or GDL for adolescents). For this reason, some
experts recommend that parents and adolescents elect to delay obtaining a full, independent
license and keep their adolescent with ADHD in a graduated driver’s license stage that has
restrictions in place meant to keep adolescent driver’s safe (e.g., restriction on number of
passengers).*3 Finally, youth with ADHD may benefit from special driving training such

as via a certified driving rehabilitation specialist. However, we severely lack studies that
assess if, and to what extent, training from specialized driving instructors attenuates driving
problems and MV C risk. Especially, research is needed to understand if development of
special, more intensive driver training programs for those with ADHD could be an effective
intervention. In sum, discussing all these facets of the ADHD-MVC risk in a balanced

and truthful manner is an important beginning in raising awareness without unnecessarily
contributing to public stigma of ADHD.

Our study findings highlight an important methodological issue when examining MV C-risk,
namely how to account for driving exposure since individuals who spend more time on

the road have higher opportunities for MVC involvement. In previous studies, researchers
have defined driving exposure as number of miles driven and have used this measures as a
control variable in analyses. Miles driven has been found to be an important confounding
variable that when controlled for in analyses attenuates the ADHD-MVC association (Vaa®).
Except for naturalistic studies, which can calculate the number of miles driven using in-car
technology, researchers rely on self-report estimates of the average number of miles driven
per week by participants. We calculated the time since licensure as the indicator of driving
exposure as we felt this was a more objective estimate and less prone to errors than
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self-report of miles driven. Rather than attenuating the ADHD-MVC risk this association
was only present when experience was included in the model. Thus, in the present sample

it appears that ADHD does increase risk for MVCs and that individuals with ADHD
accumulate similar rates of MV Cs as do their peers without ADHD, but in a shorter

period. The differential influence of months driving experience in our study and miles
driven in other studies on the ADHD-MVC association highlights the complex nature of the
construct of driving exposure. Individuals with childhood ADHD are likely to drive without
a license*3-45 and may drive more frequently than controls,® both of which can affect MVC
risk and miles driven, but not time since licensure. Since retrospective recall of ‘total miles
driven’ may be poor and biased,*’ future studies can combine this measure with information
about time since licensure to estimate driving exposure.

A notable limitation of this study is that we could not assess the effects of medication

on crash risk in adult drivers.*8 We did not have information on the timing of medication
use with respect to driving, so we could not evaluate the acute pharmacological effect on
driving and crash timing. Moreover, less than 10% of the ADHD group reported any use

of medication in adulthood when most of the driving would have been occurring. Thus,

the statistical power to evaluate protective effects of medication would be low. A second
important limitation of our study is the use of self-reports to assess crashes. Retrospective
recall of car crashes may be poor. Further, our questionnaire asked for information on any
car crash that the participant may have been involved in. This can be interpreted in multiple
ways and while some participants may have reported only the most serious car crashes,
others may have also reported minor collisions, which may be considered unimportant from
a public health perspective. Moreover, ADHD is associated with positive illusory bias for

a subset of individuals.#® Particularly, self-assessments of driving capabilities in individuals
with ADHD tend to be positively biased.4” This may have led to underreporting of car
crashes in the ADHD group. We also did not assess driving frequency, which may affect
the likelihood of crashing. Driving exposure in this study was calculated as time since
licensure. However, true driving exposure depends on the actual frequency of driving and
the total number of miles driven since licensure. Thus, participants with comparable time
since licensure in this study may or may not be comparable in terms of actual miles driven.
Participants with ADHD who were driving without a license were excluded from analyses
since driving experience could not be calculated. However, their inclusion could alter crash
risk. Finally, a comparison of baseline characteristics of the study sample compared to
those not followed-up showed notable differences in socioeconomic status. Median paternal
educational level and household income were higher in the study sample. Inclusion of the
participants lost to follow-up may have resulted in a different picture of the ADHD-car crash
association.

To summarize, we found that adult ADHD persistence, but not desistence, is associated
with car crashes in adult drivers, accounting for childhood ODD/CD comorbidity, childhood
socioeconomic status, adult ODD/CD, substance use, and ASPD. Thus, we suggest that
compared to childhood ADHD, adult ADHD status is a stronger predictor of car crashes in
adult drivers.
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CLINICAL POINTS:

. Long term, continuous treatment of ADHD, and management of adult
persistent ADHD symptoms can reduce adult car crash risk

. In adulthood, presence of either inattention or hyperactivity/impulsivity
symptoms are sufficient to increase a risk for motor vehicle crashes

. Risk for motor vehicle crashes in adult drivers with ADHD can only be
understood in the context of driving experience
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Figure 1.

Incidence Rate Ratios (IRR) and their confidence intervals for motor vehicle crash risk in
the baseline and adult ADHD groups compared to the Local Normative Comparison Group

(LNCG).
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Participants with baseline ADHD

Participants with baseline ADHD

included in this study not included
(n = 441) (n=138)
Mean(SD) Mean(SD) p
Age (in years) 7.79 (0.83) 7.73 (0.75) 43
ADHD symptom severity (Swanson, Nolan, and 1.99 (0.44) 2.03(0.42) .26
Pelham scale)
Mother’s age (in years) 38.08 (7.19) 35.88 (7.14) .002
Father’s age (in years) 40.42 (7.25) 38.79 (7.72) .052
n (%) n (%) p
Sex
Female 96 (21.8%) 18 (13%) .024
Male 345 (78.2%) 120 (87%)
Ethnicity
Caucasian 285 (64.6%) 67 (48.6%) .006
Black 80 (18.1%) 35 (25.4%)
Non-black Hispanic 29 (6.6%) 11 (8%)
Black Hispanic 3(0.7%) 6 (4.3%)
Asian 4 (0.9%) 2 (1.4%)
Mixed 37 (8.4%) 16 (11.6%)
Other 3(0.7%) 1(0.7%)
Randomized treatment group assignment
Community Care 106 (24%) 40 (29%) .18
Combined treatment 118 (26.8%) 27 (19.6%)
Medication only 104 (23.6%) 40 (29.6%)
Psychosocial only 113 (25.6%) 31 (22.5%)
Grade
18t 71 (16.1%)) 18 (13%) .76
2nd 179 (40.6%) 60 (43.5%)
3rd 132 (29.9%) 45 (32.6%)
4th 58 (13.2%) 15 (10.9%)
5th 1 (0.2%) 0
Mother’s educational level
Eighth grade or less 3(0.7%) 1(0.7%) .003
Some high school 18 (4.1%) 11 (8.1%)
High school graduate 85 (19.4%) 35 (25.7%)
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Participants with baseline ADHD

Participants with baseline ADHD

included in this study not included
(n=441) (n=138)
Mean(SD) Mean(SD) p
Some college or post-high school 152 (34.6%) 59 (43.4%)
College graduate 105 (29.9%) 19 (14.0%)
Advanced graduate or professional degree 76 (17.3%) 11 (8.1%)
Father’s educational level
Eighth grade or less 5 (1.4%) 5 (5%) .001
Some high school 21 (6%) 13 (12.9%)
High school graduate 80 (22.8%) 33 (32.7%)
Some college or post-high school 105 (29.9%) 28 (27.7%)
College graduate 68 (19.4%) 12 (11.9%)
Advanced graduate or professional degree 72 (20.5%) 10 (9.9%)
Household income
<$10,000 36 (8.3%) 15 (11.2%) .036
$10,000 to $20,000 48 (11.1%) 20 (14.9%)
$20,000 to $30,000 58 (13.4%) 28 (20.9%)
$30,000 to $40,000 59 (13.6%) 24 (17.9%)
$40,000 to $50,000 55 (12.7%) 12 (9%)
$50,000 to $60,000 48 (11.1%) 12 (9%)
$60,000 to $70,000 43 (9.9%) 6 (4.5%)
$70,000 to $75,000 22 (5.1%) 2 (1.5%)
>$75,000 64 (14.8%) 15 (11.2%)
Receiving welfare/public assistance/social security 06
income
Yes 75 (17%) 33 (24%)
No 366 (83%) 104 (76%)
Conduct /Oppositional Defiant Disorder diagnosis
Yes 178 (42%) 53 53
No 246 (58%) 83

a . - T
Attention-Deficit/Hyperactivity Disorer

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2022 December 13.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Roy et al.

Characteristics of the ADHD” Group and the Local Normative Comparison Group (LNCG)

Table 2

ADHD group LNCG
(n=441) (n=239)
Mean(SD) Mean(SD) p
Age at follow-up (in years) 24.79 (1.46) 24.36 (1.38) <.001
Car crashes in adulthood 1.49 (1.72) 1.34 (1.68) .30
Driving experience (in months) 60.74 (29.25) 71.0(28.5) <.001
Age at licensure (in years) 18.69 (2.2) 17.75(1.82) <.001
Adult Inattentive symptoms 1.01 (.58) 44(.43) <.001
Adult Hyperactive/Impulsive symptoms .85 (.53) .39 (.35) <.001
Alcohol use 6.92 (2.41) 6.93 (2.10) .93
Marijuana use 5.72 (4.45) 4.97 (3.91) .023
Anti-social Personality Disorder symptoms 1.66 (.89) 1.37 (.75) <.001
Adult Conduct Disorder/Oppositional Defiant Disorder symptoms 1.42 (1.31) 1.11 (.99) .001
n (%) n (%) p
Sex
Female 96 (21.8%) 48 (20.1%) 60
Male 345 (78.2%) 191 (79.9%)
License obtained
Yes 352 (79.8%) 208 (87%) .019
No 89 (20.2%) 31 (13%)
Baseline household income
< $10,000 36 (8.3%) 8 (3.5%) <.001
$10,000 to $20,000 48 (11.1%) 19 (8.3%)
$20,000 to $30,000 58 (13.4%) 23 (10%)
$30,000 to $40,000 59 (13.6%) 30 (13%)
$40,000 to $50,000 55 (12.7%) 28 (12.2%)
$50,000 to $60,000 48 (11.1%) 20 (8.7%)
$60,000 to $70,000 43 (9.9%) 16 (7%)
$70,000 to $75,000 22 (5.1%) 14 (6.17%)
> $75,000 64 (14.8%) 72 (31.3%)
Baseline
Conduct/Oppositional 178 (42%) 3 (1.3%) <.001
Defiant Disoders 246 (58%) 234 (98.7%)
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ADHD group LNCG
(n=441) (n=239)
Mean(SD) Mean(SD) p
Yes
No

bAttention-Deficit/Hyperactivity Disorder
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Table 3
Characteristics of the Persister and Desister groups
Persisters Desisters
(n=220) (n=221)
Mean(SD) Mean(SD) p
Age at follow-up (in years) 24.79 (1.42) 24.80 (1.51) .94
Car crashes in adulthood 1.54 (1.60) 1.45(1.84) .62
Driving experience (in months) 55.94 (28.84) 65.30(28.99) .002
Age at licensure (in years) 18.91 (2.14) 18.48 (2.25) .07
Adult Inattentive symptoms 1.42 (.48) .60 (.34) <.001
Adult Hyperactive/Impulsive symptoms 1.17 (.49) .54 (.35) <.001
Alcohol use 7.03 (2.39) 6.81 (2.44) .35
Marijuana use 6.70 (4.42) 4.75 (4.27) <.001
Anti-social Personality Disorder symptoms 1.86 (.98) 1.46 (.75) <.001
Adult Conduct Disorder/Oppositional Defiant Disorder symptoms 1.62 (1.40) 1.22 (1.19) .002
n (%) n (%) p
Sex
Female 48 (21.8%) 48 (21.7%) .98
Male 172 (78.2%) 173 (78.3%)

License obtained

Yes 173 (78.6%) 179 (81%) .54
No 47(21.4%) 42 (19%)
Baseline household income
< $10,000 19 (8.8%) 17 (7.8%) A7
$10,000 to $20,000 24 (11.2%) 24 (11%)
$20,000 to $30,000 29 (13.5%) 29 (13.3%)
$30,000 to $40,000 30 (14%) 29 (13.3%)
$40,000 to $50,000 32 (14.9%) 23 (10.6%)
$50,000 to $60,000 18 (8.4%) 30 (13.8%)
$60,000 to $70,000 25 (11.6%) 18 (8.3%)
$70,000 to $75,000 8 (3.7%) 14 (6.4%)
> $75,000 30 (14.0%) 34 (15.6%)
Baseline
Conduct/Oppositional 93 (44.3%) 85 (39.7%) .98
Defiant Disorders 117 (78.2%) 129 (60.3%)

Yes
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Persisters Desisters
(n=220) (n=221)
Mean(SD) Mean(SD) p
No
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