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ABSTRACT: Background: It is unknown whether indi-
viduals with tic disorders are at increased risk for serious
transport accidents.

Objectives: The aim of this study was to investigate the
risk for injuries or death caused by transport and motor
vehicle accidents in individuals with Tourette syndrome
or chronic tic disorder.

Methods: This population-based, sibling-controlled cohort
study included all individuals aged >18 years living in Sweden
between 1997 and 2013 (N = 6,127,290). A total of 3449 indi-
viduals had a registered diagnosis of Tourette syndrome or
chronic tic disorder in the Swedish National Patient Register.
We also identified 2191 families with full siblings discordant
for tic disorders. Cox proportional hazards regression model-
ing was used to estimate the risk for injuries or deaths as a
result of transport accidents in individuals with a lifetime diag-
nosis of Tourette syndrome or chronic tic disorder compared
with unexposed individuals and siblings.

Results: Individuals with tic disorders had a higher risk
for transport injuries or death compared with the general
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population (adjusted hazard ratio, 1.50 [95% confidence
interval: 1.33-1.69]) and their unaffected siblings
(adjusted hazard ratio, 1.41 [95% confidence
interval: 1.18-1.68]). The risks were similar across sexes.
The exclusion of most psychiatric comorbidities did not
alter the magnitude of the estimates. However, the risks
were no longer significant after exclusion of individuals
with comorbid attention deficit hyperactivity disorder.

Conclusions: The marginally increased risk for serious
transport accidents in tic disorders is mainly driven by
attention deficit hyperactivity disorder comorbidity.
Improved detection and management of attention deficit
hyperactivity disorder symptoms in this patient group
are warranted. © 2020 The Authors. Movement Disor-
ders published by Wiley Periodicals LLC on behalf of
International Parkinson and Movement Disorder Society

Key Words: tic disorders; motor vehicle accidents;
mortality; injuries

/

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adapta-
tions are made.

*Correspondence to: Dr. David Mataix-Cols, Karolinska Institutet,
Department of Clinical Neuroscience, Child and Adolescent Psychiatry
Research Centre, Gavlegatan 22B, 8th floor, 113 30 Stockholm,
Sweden; E-mail: david.mataix.cols@ki.se

Relevant conflicts of interest/financial disclosures: Nothing to
report.

Full financial disclosures and author roles may be found in the online
version of this article.

Received: 17 April 2020; Revised: 25 August 2020; Accepted: 30
August 2020

Published online 24 September 2020 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.28301

Road traffic injuries are the leading cause of death
for children and young adults aged 5-29 years, and the
eighth leading cause of death for all age groups.!
Although some progress has been made in reducing
traffic-related deaths in middle- and high-income coun-
tries, globally, the number of traffic-related deaths is
still increasing steadily, reaching 1.35 million deaths in
2016."

Tourette syndrome (TS) and chronic tic disorder
(CTD) are childhood-onset neurodevelopmental move-
ment disorders characterized by multiple motor and/or
vocal tics persisting for more than 1 year.? It is cur-
rently unknown whether persons with TS/CTD are at
increased risk for traffic accidents. Anecdotal evidence
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suggests that tics may interfere with driving in a num-
ber of ways; for example, patients with complex tics
and/or compulsions may have unpleasant urges to look
away from the road, close their eyes, drive toward
incoming vehicles, touch items on the dashboard, or
take their hands off the steering wheel.> At the same
time, it is well known that some individuals can sup-
press their symptoms for long periods, particularly
when engaged in activities that demand concentration,
such as playing the piano.* In this light, many individ-
uals with chronic tics may be able to drive normally
with little or no interference from their tics. However,
in the absence of relevant research literature, these
alternative possibilities remain speculative. In some
countries, such as Sweden or the United Kingdom,
licensing authorities encourage persons with TS to
report their diagnosis if they feel that the condition may
affect their ability to drive safely.

Another important consideration is that 70% to 90%
of individuals with TS/CTD present with psychiatric com-
orbidities, such as attention deficit hyperactivity disorder
(ADHD), obsessive-compulsive disorder, or autism spec-
trum disorders, among others,”® which may further
increase the risk for traffic accidents. In particular, a sub-
stantial body of literature indicates that individuals with
ADHD are at increased risk for serious transport acci-
dents.”® Some clinical features, such as impulsivity, exces-
sive risk taking, poor emotional control, and increased
risk for substance use disorders, may be common to both
ADHD and TS/CTD.>!° Thus, it is possible that individ-
uals with TS/CTD might have an elevated risk for trans-
port accidents, at least partially because of psychiatric
comorbidities such as ADHD. However, at this point, it
would be premature to rule out the possibility that tic dis-
orders per se are associated with increased risk for serious
transport accidents.

In this study, we leveraged the unique Swedish
population-based registers, which contain one of the world’s
largest cohorts of prospectively followed individuals with
TS/CTD, and allow the construction of family pedigrees to
adjust for important genetic and environmental confounders
with the following goals: (1) to estimate the risk for injuries
or deaths attributed to transport accidents and, specifically,
motor vehicle accidents in individuals with TS/CTD, com-
pared with the general population and with their unaffected
full siblings; and (2) to establish the extent to which the asso-
ciation between TS/CTD and injuries or deaths caused by
transport accidents is explained by psychiatric comorbidity
in general and ADHD in particular.

Subjects and Methods

The Stockholm Regional Ethical Review Board
approved the study. The requirement for informed
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consent was waived because all individuals included in
this register-based study were deidentified.

The Swedish National Registers

We conducted a population-based cohort study by
linking data across the nationwide Swedish health and
administrative registers via the unique personal identifi-
cation number assigned to all Swedish residents.'’ The
following registers were linked: (1) the Total Population
Register, which contains demographic and migration
data for all inhabitants in Sweden since 1968;'* (2) the
National Patient Register, which captures diagnostic
information from all visits to inpatient care (1964
onward and 1973 onward for somatic and psychiatric
data, respectively, with nationwide coverage from
1987) and specialist outpatient services (2001
onward);'? in this register, clinical diagnoses are coded
using the Swedish version of the International Classifi-
cation of Diseases (ICD); (3) the Cause of Death Regis-
ter, which covers all dates, and the international
version of the ICD codes for causes of death of Swedish
residents since 1952;'* (4) the Prescribed Drug Register,
which records all prescribed medications dispensed
across pharmacies in Sweden since July 2005, using
Anatomical Therapeutic Chemical Classification System
codes;"® and (5) the Multi-Generation Register, which
contains information on biological and adopted parents
of all individuals who were born in Sweden from 1932

or have ever been registered in the country since
1961."

Study Population

The study population comprised all individuals who
were born before 1996, living in Sweden anytime
between 1997 (when the tenth revision of the ICD
manual [ICD-10] was introduced) and 2013, and had
information on biological mothers available from the
Multi-Generation Register (N = 6,854,309). We
excluded individuals who had died or emigrated from
Sweden before age 18 or prior to 1997 (n = 547,489);
had immigrated to Sweden after the start of follow-up
or had a missing date of immigration (n = 21,467); or
had a record of a lifetime diagnosis of epilepsy (ICD-
10: G40, G41; n = 82,901), organic brain disorder
(ICD-10: F00-F09; n = 54,938), or mental retardation
(ICD-10: F70-F79; n = 20,224). These conditions were
excluded because they are known to interfere with driv-
ing. The final study cohort included 6,127,290 individ-
uals (Fig. 1) who were followed up from January
1, 1997, or their 18th birthday, whichever occurred
last, until the date of the outcome (ie, the registered
record of injury or death as a result of a transport acci-
dent), emigration, death, or the end of the follow-up
(December 31, 2013), whichever occurred first. In
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6,854,309

individuals born before 1996, living in Sweden anytime during
1997-2013, with available information on biological mother

727,019

Excluded

241,263 emigrated before age 18

51,005 died before age 18

159,917 emigrated before 1997

96,048 died before 1997

21,467 immigrated after start of follow-up
82,901 diagnosed with epilepsy

20,224 diagnosed with mental retardation
54,938 diagnosed with organic brain disorder

6,127,290

included in the final cohort

|

exposed individuals,
diagnosed with TS/CTD

Total population cohort
3,449 6,123,841
exposed individuals, g
diagnosed with TS/CTD unexposed indivxdvals
1,242
Excluded
Individuals lacking full siblings
without TS/CTD
Sibling cohort
2,207

unexposed siblings

3,377

FIG. 1. Study cohorts. Among 727,019 excluded persons, individuals may have more than one reason for exclusion. CTD, chronic tic disorder; TS,

Tourette syndrome.

Sweden, a driver’s license can be obtained only from
age 18 years.

Measures

Information on the individuals’ sex and birth year
(categorized by 10-year increments) was retrieved from
the Total Population Register. From the National
Patient Register, we identified all individuals with an
ICD-10 lifetime record of tic disorders (F95.0 [transient
tic disorder], F95.1 [chronic motor or vocal tic disor-
der], F95.2 [combined vocal and multiple motor tic dis-
order, de la Tourette], F95.8 [other tic disorders], or
F95.9 [tic disorder, unspecified]), if diagnosed at the
age of 3 years or older. In line with prior research,'”>!8
we selected those with a diagnosis of TS or CTD by
using an algorithm that minimizes the inclusion of indi-
viduals with only transient tics and applied the minimal
age limit to avoid diagnostic misclassification.’” The
Swedish codes for TS/CTD diagnoses have been previ-
ously validated, with a reported positive predictive
value of 97% for ICD-10.>°

For the main analysis, the records of injuries or
deaths as a result of transport accidents were collected
from the National Patient Register and the Cause of
Death Register, respectively, by the ICD-10 codes
corresponding to transport accidents (V01-V99), if
recorded at the age of 18 years or older. This broad
category includes transport accidents in general,
regardless of whether they are related to motor vehi-
cles (eg, pedestrians or cyclists injured in collision with
vehicles). In additional analyses, we specifically
focused on the ICD-10 codes corresponding to a sub-
group of motor vehicle accidents (including V20-V29
[motorcycle rider injured in transport accident], V30—
V39 [occupant of three-wheeled motor vehicle injured
in transport accident], V40-V49 [car occupant injured
in transport accident], V50-V59 [occupant of pickup
truck or van injured in transport accident|, and V60—
V69 [occupant of heavy transport vehicle injured in
transport accident]).

Furthermore, from the National Patient Register, we
collected data on lifetime psychiatric comorbidities to
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explore their potential impact on the association
between TS/CTD and serious transport accidents. We
retrieved ICD-10 codes for autism spectrum disorders,
ADHD (complemented with data from the Prescribed
Drug Register on medications used in Sweden for
ADHD treatment, as suggested by prior Swedish regis-
ter studies on ADHD), conduct disorder, anxiety disor-
ders, obsessive-compulsive disorder, posttraumatic and
other stress-related disorders, eating disorders, depres-
sion and other mood disorders, bipolar disorders,
schizophrenia and other psychotic disorders, substance
use disorders, and dissocial personality disorder (see
Supporting Information Table S1 for the ICD-10 codes
and corresponding minimal age limits).

Statistical Analysis

We applied Cox proportional hazards regression
modeling to estimate hazard ratios (HRs) with 95%
confidence intervals (Cls) for the risk for injuries or
deaths caused by transport accidents in individuals with
a lifetime diagnosis of TS/CTD, compared with
unexposed individuals, with age in years as the underly-
ing timescale. The analysis was first conducted for a
broad definition of the outcome (ie, all transport acci-
dents; ICD-10 codes: V01-V99) and then repeated for
the subgroup corresponding to motor vehicle accidents
(ICD-10 codes: V20-V69). All models were adjusted
for the individuals’ sex and birth year. We also con-
ducted the analyses stratified by sex, adjusting for
birth year.

For the sibling analyses, we identified all individuals
with TS/CTD for whom information on both mother
and father was available from the Multi-Generation
Register and then linked to their full siblings (ie, those
sharing both parents). Family identification numbers
were created for the linkage. By design, the sibling com-
parison controls for potential familial confounders,
which are shared by full siblings, including unmeasured
shared environmental factors, such as parental socio-
economic status, and about 50% of the genetic factors.
We used stratified Cox proportional hazards regression
models where each family was considered a stratum,
and all full siblings within a family were compared with
each other in a way that unexposed siblings served as
controls to the exposed ones. The models controlled for
sex and birth year.

To address the second aim, we repeated the main
analyses after excluding individuals with different
groups of comorbid psychiatric disorders from the
whole study cohort (ie, from both exposed and
unexposed individuals), one disorder group at a time.
Given our particular interest in comorbidity with
ADHD, in a first post hoc analysis, we further explored
whether individuals with TS/CTD and comorbid
ADHD differ in risk for serious transport accidents
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from individuals with TS/CTD and no comorbid
ADHD, compared with individuals unaffected by
TS/CTD. To provide a comparative benchmark, we
also examined the risk for serious traffic accidents in
individuals who had ADHD but no comorbid TS/CTD,
compared with individuals without ADHD.

Because no information on TS/CTD severity was
available in the National Patient Register, we con-
ducted an additional post hoc analysis limited to a sub-
cohort of individuals who had at least two diagnoses of
TS/CTD after the age of 18 years (as a proxy for the
severity and long-term persistence of TS/CTD into
adulthood) and compared them with individuals unaf-
fected by TS/CTD. Thus, this analysis excluded individ-
uals diagnosed with TS/CTD but who were no longer
seen by a specialist after age 18 years and those who
were seen only once after age 18 years. These models
also controlled for sex and birth year.

All earlier-mentioned models were clustered by the
identification number of the individual’s mother (for
the analyses of the whole study population) or stratified
by the family identification number (for the sibling
comparison), and used a robust sandwich estimator of
standard errors to account for nonindependence of
observations within families.** All tests used two-tailed
significance set at P < 0.05. Data management and ana-
lyses were performed using SAS, version 9.4 (SAS Insti-
tute Inc.,, Cary, NC) and STATA version 15.1
(StataCorp LLC, College Station, TX), respectively.

Results

Descriptive Statistics

The final population cohort consisted of 6,127,290
individuals (51.12% male) aged 18-65 years at the
start of follow-up (see Table 1 for descriptive data).
The mean length of the follow-up was 13.46 years
(SD, 5.35). Within this cohort, 3449 individuals had a
diagnosis of TS/CTD in the National Patient Register
(75.94% male, n = 2619).

A total of 340,940 individuals in the whole cohort
had a record of at least one injury or death caused by a
transport accident (271 in the TS/CTD cohort and
340,669 in the unaffected population cohort). Of these,
190,565 (189 in the TS/CTD cohort and 190,376 in
the unaffected population cohort) had at least one
record of injury or death as a result of motor vehicle
accidents.

Risk for Transport Accident Injuries or Deaths

Individuals with TS/CTD had a 50% increased risk
for injuries or death as a result of transport accidents
compared with the individuals from the general popula-
tion without a diagnosis of TS/CTD (HR adjusted for
sex and birth year [aHR], 1.50 [95% CI: 1.33-1.69];
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TABLE 1. Distribution of study characteristics in individuals with TS or CTDs and in unaffected individuals from
the general population

Individuals With TS/CTD (n = 3449)

Unaffected Individuals (n = 6,123,841)

n % n %
Sex
Men 2619 75.94 3,129,702 51.11
Women 830 24.06 2,994,139 48.89
Age at start of follow-up, years®
18-19 2684 77.82 1,969,426 32.16
20-29 354 10.26 1,036,797 16.93
30-39 196 5.68 1,014,092 16.56
40-49 133 3.86 996,119 16.27
50-65 82 2.38 1,107,407 18.08
Psychiatric comorbidities®
Autism spectrum disorders 925 26.82 23,748 0.39
Attention deficit hyperactivity disorder 1738 50.39 73,820 1.21
Conduct disorder 177 5.13 4698 0.08
Anxiety disorders 1163 33.72 345,088 5.64
Obsessive-compulsive disorder 757 21.95 24,008 0.39
Posttraumatic and other stress-related disorders 407 11.80 148,408 2.42
Eating disorders 81 2.35 26,593 0.43
Depression and other mood disorders 1001 29.02 292,868 478
Bipolar disorders 220 6.38 49,644 0.81
Schizophrenia and other psychotic disorders 235 6.81 50,710 0.83
Substance use disorders 585 16.96 236,462 3.86
Dissocial personality disorder 24 0.70 2426 0.04

Abbreviations: TS, Tourette syndrome; CTD, chronic tic disorder.

Individuals are followed from their 18th birthday or January 1, 1997, whichever occurred last.
®The study participants, both exposed and unexposed, may have more than one psychiatric comorbid disorder.

Table 2). When the outcome was narrowed down to
injuries or death caused by motor vehicle accidents
only, the results were similar (aHR, 1.58 [95%
CIL: 1.37-1.82]; Table 2). The risk was comparable for
men and women, with no significant sex differences
(overlapping Cls) in both outcomes (Table 2).

Sibling Comparison

Of the 1,871,590 families who had at least two sin-
gleton children, 2191 families included clusters of full
siblings who were discordant for TS/CTD, totalling
2207 individuals with TS/CTD and 3377 unaffected
siblings. Individuals with a diagnosis of TS/CTD had a
higher risk for serious transport accidents and motor
vehicle accidents, compared with their unaffected full
siblings (aHR, 1.41 [95% CI: 1.18-1.68] and 1.27
[95% CI: 1.03-1.57], respectively; Table 2).

Contribution of Psychiatric Comorbidities

When different groups of psychiatric comorbidities
were excluded from the analyses, the risk estimates for
serious transport accidents and motor vehicle accidents
remained largely similar (Table 3), except when ADHD
was excluded, which substantially reduced the risk to
nonsignificant for both transport accident injuries or
deaths (aHR, 1.20 [95% CI: 0.99-1.44]) and motor

vehicle accident injuries or deaths (aHR, 1.18 [95%
CIL: 0.94-1.49)).

In the first post hoc analysis, where we split individ-
uals with TS/CTD by their ADHD comorbidity status
and compared them with individuals unaffected by
TS/CTD, the increased risks for injury or death caused
by  transport accidents (aHR, 1.86 [95%
CI: 1.59-2.17]; Table 4) and motor vehicle accidents
(aHR, 2.02 [95% CI: 1.69-2.42]; Table 4) were nota-
ble only for individuals with TS/CTD and comorbid
ADHD. By contrast, no significant associations were
observed for individuals with TS/CTD who were free of
ADHD comorbidity (aHR, 1.18 [95% CI: 0.98-1.42]
and 1.16 [95% CI: 0.92-1.46], respectively; Table 4).

To provide a useful benchmark for comparison, we
also examined the risk of the outcomes in individuals
with ADHD without comorbid TS/CTD (n = 73,820;
among which 10.6% had any transport accident and
7.12% had a motor vehicle accident) with the
corresponding risks in individuals unaffected by ADHD
(n = 6,051,732; among which 5.50% had any transport
accident and 3.06% had a motor vehicle accident). The
results showed significant associations between expo-
sure to ADHD without comorbid TS/CTD and all
transport accidents (HR, 2.01 [95% CI: 1.96-2.05])
and motor vehicle accidents (HR, 2.14 [95% CI:
2.08-2.20]).
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TABLE 2. HRs and corresponding 95% Cls for the risk for injury or death as a result of transport accidents and motor vehicle
accidents among individuals with TS or CTDs, compared with unaffected individuals from the general population (population
cohort) and with their unaffected full siblings (sibling cohort)

Individuals with TS/CTD (n = 3449)

Unaffected Individuals (n = 6,123,841)

Population Cohort n % n % HR (95% CI) Adjusted for Sex and Birth Year
All serious transport accidents 27 7.86 340,669 5.56 1.50 (1.33-1.69)

Men 208 7.94 190,544 6.09 1.48 (1.29-1.70)

Women 63 7.59 150,125 5.01 1.57 (1.23-2.01)
Motor vehicle accidents 189 5.48 190,376 3N 1.58 (1.37-1.82)

Men 151 5.77 119,382 3.81 1.50 (1.28-1.77)

Women 38 4.58 70,994 2.37 1.86 (1.35-2.55)

Individuals With TS/CTD With Unaffected Full Siblings of
Unaffected Full Siblings (n = 2207) Individuals With TS/CTD (n = 3377)

Sibling Cohort n % n % HR (95% CI) Adjusted for Sex and Birth Year
All serious transport accidents 194 8.79 238 7.05 1.41 (1.18-1.68)
Motor vehicle accidents 132 5.98 161 477 1.27 (1.03-1.57)

Statistically significant HRs are highlighted in bold. P values for all reported HRs (95% Cls) are P < 0.001, apart from the sibling analysis for motor vehicle acci-

dents (P = 0.026).

Abbreviations: HR, hazard ratio; Cl, confidence interval; TS, Tourette syndrome; CTD, chronic tic disorder.

In the second post hoc analysis, 1570 individuals
with at least two diagnoses of TS/CTD after the age of
18 years (45.52% of the initial TS/CTD cohort) were

TABLE 3. Risk for injuries and death as a result of transport
accidents and motor vehicle accidents in individuals with
TS or CTD, compared with unaffected individuals from the
general population, when excluding common comorbid
disorders from the whole study cohort (one disorder group
at the time)

HR (95% CI) Adjusted for Sex and
Birth Year

All Serious Transport Motor Vehicle

Accidents

Accidents

Autism spectrum disorders

Attention deficit hyperactivity
disorder

Conduct disorder

Anxiety disorders

Obsessive-compulsive
disorder

Posttraumatic and other
stress-related disorders

Eating disorders

Depression and other mood
disorders

Bipolar disorders

Schizophrenia and other
psychotic disorders

Substance use disorders

Dissocial personality disorder

1.67 (1.46-1.91)
1.20 (0.99-1.44)

1.53 (1.35-1.72)
1.40 (1.20-1.65)
1.63 (1.43-1.86)
1.35 (1.18-1.54)

1.51 (1.34-1.70)
1.39 (1.19-1.61)

1.47 (1.30-1.67)
1.57 (1.39-1.77)

1.35 (1.17-1.56)
1.47 (1.31-1.66)

1.82 (1.55-2.13)
1.18 (0.94-1.49)

1.59 (1.37-1.84)
1.42 (1.17-1.72)
1.68 (1.43-1.97)
1.39 (1.18-1.64)

1.58 (1.37-1.83)
1.44 (1.20-1.73)

1.52 (1.30-1.76)
1.64 (1.41-1.89)

1.43 (1.20-1.69)
1.54 (1.33-1.78)

Statistically significant HRs are highlighted in bold. P values for HRs (95%
Cls) in the analyses where attention deficit hyperactivity disorder is excluded
are for all serious transport accidents, P = 0.057, and for motor vehicle acci-
dents, P = 0.160. P values for the rest of the reported HRs (95% Cls) are
P < 0.001.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

compared with individuals unaffected by TS/CTD.
Among individuals with persistent TS/CTD diagnoses,
10.57% (n = 166) had at least one serious transport
accident and 7.45% (n = 117) had a motor vehicle acci-
dent under the study period, compared with 5.56%
and 3.11%, respectively, of individuals unaffected by
TS/CTD. This corresponded to an increased risk for
injury or death as a result of all transport accidents
(HR, 1.68 [95% CI: 1.45-1.96]) and motor vehicle
accidents (HR, 1.82 [95% CI: 1.52-2.19]). Thus, the
associations were slightly stronger than, but not signifi-
cantly different from, those seen for the whole cohort
of individuals with TS/CTD.

Discussion

To our knowledge, this is the first study to formally
investigate whether TS/CTD are associated with a sub-
sequent risk for severe transport accidents. The main
finding was that individuals with TS/CTD had a mod-
estly increased risk (approximately 50%) for injuries or
death as a result of accidents,compared with the general
population and with their unaffected full siblings. The
observed risks were similar among men and women.

In general, the exclusion of most psychiatric disorders
did not alter the magnitude of the estimates. However,
after exclusion of individuals with ADHD from the
whole study cohort, the magnitude of the risk decreased
from 50% to 20% for injuries or deaths caused by all
transport accidents, and from 58% to 18% for motor
vehicle accidents, with the estimates for both outcomes
being no longer statistically significant. These results
suggest that comorbid ADHD was the single largest
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TABLE 4. HRs and corresponding 95% Cls for the risk for injury or death as a result of transport accidents and motor vehicle
accidents among individuals with TS or CTD with and without comorbid ADHD, compared with individuals unaffected by TS
or CTD from the general population

All Serious Transport Accidents

Motor Vehicle Accidents

HR (95% Cl) Adjusted for

HR (95% Cl) Adjusted for

Total, n n % Sex and Birth Year n % Sex and Birth Year
Unaffected by TS/CTD 6,123,841 340,669 5.56 1.00 190,376 3.1 1.00
TS/CTD with comorbid ADHD 1738 160 9.21 1.86 (1.59-2.17) 118 6.79 2.02 (1.69-2.42)
TS/CTD without comorbid ADHD 1711 111 6.49 1.18 (0.98-1.42) 71 415 1.16 (0.92-1.46)

Statistically significant HRs are highlighted in bold. P values for HR (95% Cl) reported for analyses of TS/CTD with comorbid ADHD are P < 0.001. P values for
analysis of TS/CTD without comorbid ADHD are P = 0.083 for all serious transport accidents and P = 0.215 for motor vehicle accidents.
Abbreviations: HR, hazard ratio; Cl, confidence interval; TS, Tourette syndrome; CTD, chronic tic disorder; ADHD, attention deficit hyperactivity disorder.

contributor to the observed risks. Additional post hoc
analyses confirmed this observation: individuals with
TS/CTD and comorbid ADHD had an 86% higher risk
for transport accidents (and a 102% higher risk for
motor vehicle accidents), compared with the general
population, whereas individuals with TS/CTD and no
comorbid ADHD did not have a significantly elevated
risk for either outcome.

Notably, the proportion of persons with TS/CTD
involved in transport accidents resulting in injury or
death was small, even in ADHD comorbid cases. More
than 92% of all individuals with TS/CTD in the cohort
(91% of those with comorbid ADHD and 93% of
those without comorbid ADHD) did not have a single
serious transport accident during the follow-up period.
The corresponding proportion from the general popula-
tion without TS/CTD was 94%.

Implications for Clinical Practice and Vehicle
Licensing Agencies

From a clinical perspective, increased detection and
adequate management of comorbid ADHD in driving-
age patients with TS/CTD should be prioritized,
because there is mounting evidence that adequate phar-
macological treatment of ADHD symptoms is associ-
ated with a significantly reduced risk for severe road
traffic injuries and deaths.®** From a licensing author-
ity perspective, our data suggest that the majority of
individuals with TS/CTD will be able to drive safely,
and therefore licensing agencies should not necessarily
equate TS/CTD with an increased risk for serious trans-
port accidents. Instead, any licensing decisions should
be made on an individual basis.

Strengths and Limitations

The main strengths of this study are the large
population-based sample of individuals with TS/CTD;
the long follow-up of up to 17 years; the high validity
of the ICD diagnostic codes®’; the use of nationwide
registers with prospective data collection, which mini-
mizes the risk for selection, recall, surveillance, and

report biases; and the use of a sibling design that con-
trols for a number of potentially important con-
founders. Reverse causation is also unlikely because, by
definition, the exposures always preceded the outcomes;
that is, the diagnosis of TS/CTD requires an onset of
tics before 18 years (even if sometimes the actual diag-
nosis is recorded after age 18), and in Sweden a driver’s
license can be obtained only from age 18.

The results should be interpreted in light of some
limitations. First, because the registers do not contain
information about tic severity at the time of the
follow-up, we could not examine the impact of this
potentially important variable on the risks. In a post
hoc analysis, we limited the cohort of individuals with
TS/CTD to those receiving two or more diagnoses
from age 18 years (as a proxy of greater tic severity or
persistence), which resulted in similar estimates. It is
possible that the results may not generalize to milder
or transient forms of tic disorders that do not require
or seek contact with the health services. Second, our
study focused on outcomes requiring hospital/special-
ized outpatient clinic visits or deaths attributable to
transport accidents. Thus, we had no access to infor-
mation on milder accidents not requiring such care
(eg, individuals treated at primary care). Third, based
on the available ICD codes for accidents, we cannot
know whether the person involved in the accident was
the driver or a passenger. However, we made the
assumption that the probability of being involved in a
transport accident as a passenger should not be higher
for individuals with TS/CTD than for individuals from
the general population. Fourth, to our knowledge,
there are no published data regarding the probability
that individuals with TS/CTD will obtain a drivers’
license; if individuals with TS/CTD were less likely to
obtain a license or to actually drive, compared with
individuals form the general population, that would
potentially result in an underestimation of the true risk
of serious transport accidents in this patient group.
Finally, the results of the sibling analyses need to be
interpreted in light of the known limitations of such
designs.**
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Conclusions

Individuals with TS/CTD and comorbid ADHD are
at increased risk for transport accident injuries or
death, compared with the general population, although
the overall proportion of individuals with such out-
comes is small. Individuals with TS/CTD without
comorbid ADHD did not have an elevated risk. The
results have important implications both for clinical
practice and for vehicle licensing agencies. Increased
detection and long-term management of ADHD symp-
toms in this patient group is warranted. Licensing agen-
cies should not automatically assume that TS/CTD are
associated with increased risks for accidents. ®
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