
 

 

 University of Groningen

ADHD and accidents over the life span & ndash; A systematic review
Brunkhorst-Kanaan, Nathalie; Libutzki, Berit; Reif, Andreas; Larsson, Henrik; McNeill,
Rhiannon V.; Kittel-Schneider, Sarah
Published in:
Neuroscience and Biobehavioral Reviews

DOI:
10.1016/j.neubiorev.2021.02.002

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Brunkhorst-Kanaan, N., Libutzki, B., Reif, A., Larsson, H., McNeill, R. V., & Kittel-Schneider, S. (2021).
ADHD and accidents over the life span & ndash; A systematic review. Neuroscience and Biobehavioral
Reviews, 125, 582-591. https://doi.org/10.1016/j.neubiorev.2021.02.002

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 05-06-2022

https://doi.org/10.1016/j.neubiorev.2021.02.002
https://research.rug.nl/en/publications/23d0e6c5-17a8-4152-8f09-a6ac7515c589
https://doi.org/10.1016/j.neubiorev.2021.02.002


Neuroscience and Biobehavioral Reviews 125 (2021) 582–591

Available online 11 February 2021
0149-7634/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ADHD and accidents over the life span – A systematic review 

Nathalie Brunkhorst-Kanaan a,1, Berit Libutzki b,1,*, Andreas Reif a, Henrik Larsson c,d, 
Rhiannon V. McNeill e,1, Sarah Kittel-Schneider a,e,1 

a Department of Psychiatry, Psychotherapy and Psychosomatic Medicine, University Hospital of Frankfurt, Goethe University, Heinrich-Hoffmann-Str. 10, D-60528 
Frankfurt/Main, Germany 
b Department of Psychiatry, Interdisciplinary Center Psychopathology and Emotion Regulation (ICPE), University of Groningen, University Medical Center Groningen, 
Groningen, the Netherlands 
c Department of Medical Epidemiology and Biostatistics, Karolinska Institute, Box 281, 171 77 Stockholm, Sweden 
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A B S T R A C T   

Studies have demonstrated an increased risk of accidents and injuries in children, adolescents and adults with 
attention-deficit/hyperactivity disorder (ADHD). However, little is known about how accident risk may alter 
over the lifespan. Additionally, it would be important to know if the most common types of accidents and injuries 
differ in ADHD patients over different age groups. Furthermore, there is increasing evidence of an ameliorating 
effect of ADHD medication on accident risk. Lastly, the underlying risk factors and causal mechanisms behind 
increased accident risk remain unclear. We therefore conducted a systematic review focusing on the above 
described research questions. Our results suggested that accident/injury type and overall risk changes in ADHD 
patients over the lifespan. ADHD medication appeared to be similarly effective at reducing accident risk in all age 
groups. However, studies with direct comparisons of accident/injuries and effects of medication at different age 
groups or in old age are still missing. Finally, comorbidities associated with ADHD such as substance abuse 
appear to further increase the accident/injury risk.   

1. Introduction 

In recent years, there has been an accumulation of studies doc-
umenting that children, adolescents and adults with ADHD have an 
increased risk of unintentional injuries and accidents (Adeyemo et al., 
2014; Jerome et al., 2006). ADHD has also been linked with increased 
mortality rates due to unnatural causes, such as accidents (Dalsgaard 
et al., 2015). ADHD medication has been reported to alleviate this 
increased accident risk in both children and adults (Gobbo and Louza, 
2014; Ruiz-Goikoetxeaa et al., 2018). However, it is currently unknown 
whether all age groups of ADHD patients are at equal increased risk for 
accidents and injuries, or if certain age groups are at a higher risk for 
accidents and injuries than others. If that were to be the case, then 
screening for ADHD in trauma surgery units and emergency rooms 
might be more important in a certain age group. In addition, it is unclear 
if there are specific types of accidents/injuries which are more common 
in different age groups. Lastly, it is not known whether the potentially 

protective effect of stimulant medication on accident/injury risk in 
ADHD patients is similar throughout the lifespan (Gobbo and Louza, 
2014). 

Another important area of investigation is the potential causal 
mechanisms that underlie increased accident risk in ADHD patients. 
There are studies suggesting that the ADHD core symptoms of inatten-
tion, hyperactivity and impulsivity might be causal factors for the higher 
risk of accidents, but other findings have suggested that daytime 
sleepiness, psychosocial stress and driving under influence may addi-
tionally play a causative role (El Farouki et al., 2014). Gaining a deeper 
understanding of risk factors associated with accidents specifically in 
ADHD might help the development of targeted prevention strategies. 

The aim of this systematic review was therefore to answer the 
following research questions;  

1 Is there a change in the overall risk of accidents and injuries over the 
lifespan in ADHD? 
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2 Are specific types of accidents/injuries associated with different 
ADHD patient age groups?  

3 Is there a change in the preventive influence of ADHD medication on 
accident/injury risk over the lifespan in ADHD patients?  

4 What are the associated mechanisms of the increased accident/injury 
risks in ADHD? 

Answering these questions might help identify age groups that 
should be screened for ADHD after presenting with injuries/accidents in 
trauma surgery units and emergency rooms. Furthermore, identifying 
causal accident mechanisms that are specifically important in ADHD 
might be useful for implementing non-medication accident prevention 
programs/psychoeducation. 

2. Methods 

Our systematic review was performed according to the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
statement (Fig. 1; Moher et al., 2009). We conducted an online PubMed 
search (04/29/2020) and Web of Science search (05/04/2020) 
including published studies on individuals with ADHD and accidents or 
unintentional injuries with the following inclusion criteria: Case-Control 
studies, cohort studies (prospective, retrospective and population based 
studies), epidemiologic studies, observational studies, longitudinal 
studies, and follow-up studies. To retrieve those studies the following 
search strategy was used: Pubmed: „("Attention Deficit Disorder with 
Hyperactivity"[Mesh]) AND ("Accidents"[Mesh] OR Accidental Injuries 
[Mesh]) and Web of Science: (TS=(("hyperkine*" OR "attention deficit" 
OR "ADHD" OR " hyperactiv*") AND ("accident*" OR "accidental 

injur*"))). Exclusions were made according to the following criteria: 
Non-empirical studies, no abstract available and studies published in 
other languages than English. A total of 441 citations were retrieved 
using this method after removal of duplicates. These 441 articles were 
then initially screened by title and abstract. Studies were excluded if 
deemed not relevant because the study was not focused on ADHD and 
accidents or unintentional injuries. By doing so, 283 citations were 
excluded and 158 remained. In a second round of screening, the above 
remaining 158 papers were assessed in full-text for eligibility. By doing 
so, 76 articles were excluded, because not relevant to the topic or being 
reviews, meta-analyses, meeting abstracts, commentaries, case reports, 
case series, studies with less than 10 participants or study protocols of 
planned studies without actual results. A total of 82 articles remained in 
the systematic review to answer our four research questions (see Fig. 1 
and Supplementary Table 1). 

The PRISMA search was initially performed independently by two of 
the co-first authors (BL and NBK). Full papers were reviewed by all co- 
authors to decide which articles were selected for the final review. 

3. Results 

3.1. Is there a change in the risk of accidents and injuries over the lifespan 
in ADHD? 

All studies included implied or confirmed a higher risk for accidents 
and injuries in individuals with ADHD. There was a similar number of 
studies regarding children and adolescents, but only few studies 
included adults (see Supplementary Table 2). 

No studies could be identified that directly investigated a change in 

Fig. 1. Prisma flow-diagram.  
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overall risk of injuries and accidents in persons with ADHD over the 
entire lifespan. However, a total of eight studies compared the risk of 
certain types of accident/injury in individuals with ADHD between 
several different age groups. Accidents and injuries seemed to peak 
around the age of 9–12 years for children and around 18–25 years for 
adolescents. In a study with a large sample size (n = 15,126), Prasad 
et al. found that the risk of fractures (HR 1.25 [1.19–1.31]), thermal 
injuries (HR 2.00 [1.76–2.27]) and poisoning (HR 3.72 [3.32–4.17]) 
was highest in the age group of 5–9 years compared to adolescents 
(Prasad et al., 2018). Bonander et al. found that the highest rate of in-
juries in two samples (Group A: n = 599; Group B: n = 101) occurred in 
4th grade (RR 1.99 [1.01–3.94]), followed by the first year of high 
school (RR 1.73[1.36–2.19]) (Bonander et al., 2016). Chou et al. (n =
3640) found the risk of bone fractures to be higher below 12 years of age 
(HR 1.26 [1.11–1.43]) compared to above 12 years (HR 1.21 
[0.86–1.70]) (Chou et al., 2014). Avsar et al. (n = 247) found the highest 
rate of traumatic dental injuries at 10–12 years compared to younger 
children and adolescents (Avsar et al., 2009). Concerning multiple in-
juries Ayaz et al. (N = 1430) found that the age at first injury was 
younger in children with multiple unintentional injuries, however, the 
age at hospitalization was older, possibly indicating injury severity may 
change with age (Ayaz ez al., 2014). 

Karic et al. and Liou et al. found an elevated risk for traumatic brain 
injuries in adolescents (Karic n = 10,739: 13–17 years OR 1.71 
[1.20–2.45]; Liou n = 72,181: 12–17 years HR 4.70 [4.16–5.31]) 
compared to children (Liou et al., 2018; Karic et al., 2019). This may be 
because traumatic injuries often correspond with traffic accidents, 
which are mostly reported in adolescents. Chang et al. (n = 2.319,450) 
found the highest incidence of motor vehicle crashes at 18–25 years 
compared to older adults (Chang et al., 2017). Similarly, Aduen et al. (n 
= 274) investigated motor vehicle collisions and reported a peak in the 
incidence of collisions at 16–17 years (Aduen et al., 2018). The lowest 
incidence of collisions was observed at 26–30 years, but increased 
thereafter, with the second highest incidence rate found after 75 years of 
age. Several studies additionally found an elevated risk in individuals 
with ADHD for risky driving behavior, traffic violations and negative 
outcomes in simulation, hence for individuals at driving age. However 
these studies did not reflect further on specific age groups (Thompson 
et al., 2007; Fischer et al., 2007; Groom et al., 2015; Cardoos et al., 2013; 
Kass et al., 2010; Reimer et al., 2005; Woodward et al., 2000; Narad 
et al., 2013; Richards et al., 2006). 

3.2. ADHD and accidents – does the type of accident/injury change over 
time? 

From our systematic literature search we also aimed to investigate 
whether the specific type of accidents/injuries incurred by patients with 
ADHD may change over the lifespan. No studies were found that were 
specifically conducted to address this question. However, three studies 
reported a change in risk of driving-related accidents with age, sup-
porting the hypothesis that accident/injury type may change with age in 
ADHD patients. The first study found significant interactions between 
ADHD status and age that modulated risk of driving-related errors and 
violations, such that older ADHD patients (age 40+ years) did not sta-
tistically differ from healthy controls regarding accident risk (n = 83; 
Reimer et al., 2005). In contrast to this, Cox et al. reported that driving 
collisions significantly increased with age, using ADHD patients grouped 
into adolescents, young adults and middle-aged adults (n = 439; Cox 
et al., 2011). However, this study did not investigate collision risk, but 
overall number of collisions. It is therefore not surprising that the total 
number of collisions increased over time, and this study should be 
interpreted with caution. Lastly, Sadgehi-Bazargani et al. reported a 
significant negative correlation between risky motorbike riding 
behavior and age in adults with ADHD, further suggesting that motor 
vehicle accident/injury risk changes across the lifespan (n = 340; 
Sadeghi-Bazargani et al., 2019). 

From the remaining studies that were included in this review, we 
could infer that the nature of accidents/injuries may change over time, 
as different types of accidents/injuries appeared to associate with either 
childhood ADHD or adulthood ADHD. In childhood ADHD, ingestion of 
foreign objects (Perera et al., 2009; Turgut et al., 2019) and poisoning 
(Hoare and Beattie, 2003; Katrivanou et al., 2004; Prasad et al., 2018; 
Rowe et al., 2004) appeared to be common, along with burns (Emond 
et al., 2017; Hoare and Beattie, 2003; Prasad et al., 2018; Rowe et al., 
2004; Wamithi et al., 2015), head or brain injuries (Hoare and Beattie, 
2003; Karic et al., 2019; Lalloo and Sheiham, 2003a; Rowe et al., 2004), 
and fractures (Chou et al., 2014; Prasad et al., 2018; Rowe et al., 2004). 
Children with ADHD were also often involved in traffic accidents, in the 
role as a pedestrian (Brehaut et al., 2003; Brook and Boaz, 2006; Clancy 
et al., 2006; Hoare and Beattie, 2003; Pless et al., 1995; Stavrinos et al., 
2011). 

In adults with ADHD, most studies investigated whether there was a 
correlation with traffic accidents with the patient as the driver of a 
motor vehicle (car or motorbike), and found a significant association 
(Aduen et al., 2018; Ardic et al., 2014; Barkley et al., 1993, 1996, 2002; 
Bron et al., 2018; Chang et al., 2014, 2017; Curry et al., 2017, 2019; El 
Farouki et al., 2014; Fischer et al., 2007; Fried et al., 2006; Groom et al., 
2015; Kaya et al., 2008; Kittel-Schneider et al., 2019; Narad et al., 2013; 
Philip et al., 2015; Olazagasti et al., 2013; Safiri et al., 2016; Sobanski 
et al., 2008; Thompson et al., 2007; Woodward et al., 2000). Therefore, 
there appears to be a shift away from poisoning/ingestion in childhood 
ADHD towards driving-related accidents/injuries in adult ADHD. This 
change is likely mostly situational, whereby only adult patients are le-
gally allowed to drive. In addition to driving-related accidents, adult-
hood ADHD was associated with workplace accidents/injuries in several 
studies (Gaudet et al., 2019; Kessler et al., 2009). Again, this difference 
in accident/injury type between childhood and adulthood ADHD is 
probably mostly due to situation. Adults may work in environments 
where they have higher responsibility and therefore more associated 
risks, whereas children routinely attend school, where risks and re-
sponsibilities are minimised. This might not be specific for ADHD pa-
tients but also apply to general population. An overview of the types of 
accidents and unintentional injuries in patients with ADHD over the 
lifespan is given in Fig. 2. 

3.3. Is there a change in the preventive influence of ADHD medication on 
accident/injury risk over the lifespan in ADHD patients? 

Recent register studies and meta-analysis have shown that ADHD 
medication is able to reduce the risk of accidents and unintentional in-
juries in children, adolescents and adults suffering from ADHD (Chang 
et al., 2014; Ghirardi et al., 2020a, 2020b; Gobbo and Louza, 2014; 
Ruiz-Goikoetxeaa et al., 2018). However, it is less clear if the preventive 
effect of stimulant medication changes over the lifespan. Our systematic 
literature research revealed only a few studies investigating children, 
adolescents and adults in direct comparison or reported a follow-up from 
childhood to adulthood. 

Liou and colleagues investigated the risk of traumatic brain injury 
(TBI) in ADHD children, adolescents and young adults (aged 3–29 years) 
and reported a preventive effect of ADHD medication (atomoxetine or 
methylphenidate, analysed together) (Liou et al., 2018). They found an 
adjusted Hazard Ratio of 4.82 (4.56–4.81 95 % confidence interval, CI) 
and 4.57 (4.31–4.85 95 % CI) (adjusted for demographic data, psychi-
atric comorbidities and ADHD medication) for the TBI risk in ADHD in 
the whole sample (n = 72,181) in comparison to non-ADHD controls (n 
= 72,181, age and sex-matched). ADHD patients were younger when 
suffering from a TBI than controls (mean 13.03 years vs. mean 15.16 
years). The highest risk of TBI within the ADHD group was found in 
ADHD adolescents, and the lowest in young adults. However, the au-
thors could show a slight decrease in HR to 0.93 (0.8− 0.99 CI) in pa-
tients with long term ADHD medication (> 1 year). However, in this 
study it was not shown if the preventive effect of ADHD medication was 
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different in the different age groups. 
Chang et al. (2014) investigated the risk of transport accidents in 

adult ADHD patients (age ranges 18–25, 26–36, 36–46 yrs). They found 
an increased risk of transport accidents in ADHD patients in comparison 
to non-ADHD controls (ADHD: male 10,528 vs. female 6880), 1.47 
adjusted HR (1.32–1.63 95 %CI) for the males and 1.45 (1.24–1.71 95 % 
CI) for the females. ADHD medication (any ADHD medication and 
stimulants only) were analyzed resulting in HR 95 % CI 0.38 
(0.20− 0.72) for any ADHD medication vs. HR 95 % CI 0.31 (0.12− 0.79) 
for stimulants only. ADHD medication thereby reduced the risk of 
transport accidents by about 58 % in both young and middle-aged males 
but did not reduce the risk for females in any age group (Chang et al., 
2014). 

In a German study, it was shown that the risk of accidents in a sample 
of ADHD children and adolescents (n = 18,741) was significantly higher 
in comparison to healthy controls (n = 364,551) but reduced with 
increasing age in the ADHD group. However, the potential preventive 
effect of medication (all ADHD medication analysed together) was also 
not investigated with regard to the different age groups (Lange et al., 
2016). Tai and colleagues investigated different types of injuries in a 
cohort of ADHD children and adolescents aged 6–8, 9–11, 12–14, 15–18 
years in comparison to non-ADHD controls (n = 1965 vs. n = 7860). 
They did report an overall increased risk of injuries but could not find an 
ameliorating effect of methylphenidate treatment on the injury risk in 
any age group (Tai et al., 2013). The only other ADHD medication 
investigated was clonidine, which however was not tested for a poten-
tially preventive effect on injuries. Ghirardi and colleagues recently 
confirmed the preventive effect of medication on accident risk in chil-
dren and adolescents with ADHD (and with/without comorbid neuro-
developmental disorder; n = 1,968,146), reporting lower risk among 
medicated male (OR = 0.72; 95 % CI = 0.70− 0.74) and female (OR =
0.72; 95 % CI = 0.69− 0.75) ADHD children as well as medicated male 
(OR = 0.64; 95 % CI = 0.60− 0.67) and female (OR = 0.65; 95 % CI =
0.60− 0.71) ADHD adolescents (Ghirardi et al., 2020b). 

There are several studies showing a beneficial effect of stimulant 
medication on driving performance in adolescents and young adults 
with ADHD but there is no study also investigating older age participants 
in direct comparison. Biederman and colleagues investigated driving 
performance under lisdexamfetamine vs. placebo medication (n = 31 vs. 
30), Cox and colleagues reported extended-release methylphenidate to 
be more effective in improving driving performance in comparison to 
extended release mixed amphetamine salts (n = 35), and a study by 
Sobanski et al. found better driving performance in ADHD drivers 

medicated with methylphenidate vs. unmedicated ADHD drivers (n = 10 
vs. 9) (Biederman et al., 2012a, b; Cox et al., 2012; Sobanski et al., 
2008). To our current best knowledge, there are no studies investigating 
the preventive effect of different ADHD medication (stimulants and 
non-stimulants) for accident and injury risk across different age groups. 

3.4. What are the mechanisms underlying the increased accident/injury 
risks in ADHD? 

Of the 82 studies included in our review, 62 studies were retrieved 
with a focus on mechanisms/risk factors of injuries in ADHD. After 
reading the whole articles six studies were excluded because there was 
no information about causal mechanisms or possible associations be-
tween ADHD and accidents. Of the remaining 56 studies, 27 studies 
examined children and adolescents, and 29 studies examined adults. 

3.4.1. Analysis of childhood and adolescent studies 
Out of the 27 studies in children and adolescents, seven studies re-

ported an association between ADHD and injuries without assessing any 
possible mechanisms or risk factors that might explain this association 
(Jernbro et al., 2020; Avsar et al., 2009; Shilon et al., 2012; Prasad et al., 
2018; Rowe et al., 2004; Redelmeier et al., 2010; Hoare and Beattie, 
2003). In the remaining studies, four different potential causal mecha-
nisms for increased injury/accident risk in children were identified and 
discussed (core symptoms of ADHD, comorbidities, risky driving and 
role of parents). 

3.4.1.1. The role of ADHD core symptoms. Several of the studies assessed 
the relationship between core symptoms of ADHD (hyperactivity, 
impulsivity, inattention) and accident proneness (Lallo and Sheiham, 
2003a; Lalloo et al., 2003b; Glania et al., 2010; Gayton et al., 1986; 
Davidson et al., 1992; Pless et al., 1995; Woodward et al., 2000; Garner 
et al., 2014; Thompson et al., 2007; Connolly et al., 2019; Stavrinos 
et al., 2011; Clancy et al., 2006; Barkley et al., 2002). However, major 
methodological differences were found with respect to the participants 
included and the study design. Most of the studies based their results on 
questionnaires (Lalloo and Sheiham, 2003a; Lalloo et al., 2003b; Glania 
et al., 2010; Gayton et al., 1986; Davidson et al., 1992; Connolly et al., 
2019; Woodward et al., 2000; Garner et al., 2014; Thompson et al., 
2007), while only few studies additionally used simulators to investigate 
road-crossing behavior or driving behavior (Pless et al., 1995; Stavrinos 
et al., 2011; Clancy et al., 2006; Barkley et al., 2002). 

Results from three of these studies were mainly based on the 

Fig. 2. Types of accidents and unintentional injuries in patients with ADHD over lifespan. 
Created with BioRender.com. 
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“Strengths and Difficulties Questionnaire”. They found significantly 
higher scores for hyperactivity in children who were involved in acci-
dents (Lalloo and Sheiham, 2003a; Lalloo et al., 2003b; Glania et al., 
2010). Results from parent- or self-reported questionnaires also showed 
significantly higher hyperactivity and impulsivity in children and ado-
lescents who were involved in accidents or suffered from unintentional 
injuries (Gayton et al., 1986; Thompson et al., 2007; Pless et al., 1995; 
Connolly et al., 2019). Strong evidence for the impact of hyperactivity 
and impulsivity on accident risk was also provided by Pless et al., who 
additionally used a specific computerized test battery in children who 
experienced unintentional or behavior related injuries (ADHD: n = 286; 
controls: n = 562) (Pless et al., 1995). In contrast to these findings, 
Davidson et al. found no association between hyperactivity in boys aged 
between 6 and 8 years and an increased risk for injuries, the sample here 
was greater with n = 1296, but only teacher and parent rated ques-
tionnaires were used and also only boys in a narrow age range investi-
gated which might explain the contradicted findings (Davidson et al., 
1992). 

Four studies explored the potential effect of impaired cognitive and 
executive functioning in ADHD patients on accident/injury risk (Stav-
rinos et al., 2011; Clancy et al., 2006; Barkley et al., 2002; Woodward 
et al., 2000). In addition to inattention problems, deficits in time 
perception and executive functioning were found in two studies inves-
tigating road crossing safety in children (ADHD: n = 39; controls: n =
39) and adolescents (ADHD: n = 24; controls: n = 24) diagnosed with 
ADHD in a virtual environment (Stavrinos et al., 2011; Clancy et al., 
2006). These results could also be replicated in another study investi-
gating the driving behavior of young adults (ADHD: n = 105; controls: n 
= 64) in a simulator study (Barkley et al., 2002). One further study was 
found in which the impact of attentional difficulties in adolescence 
(mean age 13 years; n = 1265) on later driving outcome was investi-
gated over a time period of 21 years (Woodward et al., 2000). Although 
the study did not specifically include patients with ADHD, they provided 
important information about the ongoing risk of inattention on later 
injury risk and impaired driving (Woodward et al., 2000). 

From our systematic review we could infer that all core symptoms of 
ADHD in childhood and adolescence appear to be significantly associ-
ated with increased injury risk. However, the relationship between these 
symptoms and their relative impact on accident risk was only directly 
investigated in one study with a rather small sample size of 41 partici-
pants (Garner et al., 2014). Based on patient reports, multiple logistic 
regression suggested that inattention was the only significant predictor 
of risky driving and adverse driving outcomes (Garner et al., 2014). 

3.4.1.2. The role of comorbidities. The role of comorbidities on accident 
risk in children and adolescents with ADHD was discussed in seven 
studies. Five studies provided data by comparing children and adoles-
cents with ADHD with a control group of children without ADHD (Liou 
et al., 2018; Connolly et al., 2019; Thompson et al., 2007; Clancy et al., 
2006; Barkley et al., 2002) while two studies only included patients with 
ADHD (Olazagasti et al., 2013; Ayaz et al., 2016). Studies also differed in 
terms of their sample size, research design and research question. Liou 
et al. included 72.181 children, adolescents and young adults with 
ADHD and 72.181 age-/sex-matched controls. All other studies inves-
tigated smaller sample sizes. Connolly et al. included 32 ADHD patients 
and 23 controls, Clancy et al. 24 ADHD patients and 24 controls, Barkley 
et al. 105 ADHD patients and 64 controls, Thompson et al. 203 ADHD 
patients and 152 controls, Olazagasti et al. 135 ADHD patients and 136 
controls and Ayaz et al. included 1430 patients with ADHD. Four studies 
reported significantly more driving-related accidents, risky driving and 
unsafe road-crossing behavior in children/adolescents with ADHD 
which was increased by the co-occurrence of mental disorder comor-
bidities (Thompson et al., 2007; Clancy et al., 2006; Olazagasti et al., 
2013). Three studies found significant evidence for an increased risk of 
unintentional injuries, e.g. traumatic brain injury, in ADHD patients 

with mental disorder comorbidities (Liou et al., 2018; Ayaz et al., 2016; 
Connolly et al., 2019). Barkley et al. was the only study to find no in-
fluence of comorbid oppositional defiant disorder, depression or anxiety 
disorders in ADHD patients on driving performance. However, the other 
six studies emphasized the additional impact of comorbidities on acci-
dent/injury risk (Connolly et al., 2019; Thompson et al., 2007; Clancy 
et al., 2006; Liou et al., 2018; Ayaz et al., 2016; Olazagasti et al., 2013). 
In children, conduct disorder is the comorbid diagnosis most frequently 
reported to contribute to an increased injury risk. However, oppositional 
defiant disorder, antisocial personality disorder, depression, autism 
spectrum disorder, reading disability and adolescent substance and 
alcohol abuse have also been reported as additional risk factors 
(Thompson et al., 2007; Liou et al., 2018; Ayaz et al., 2016; Clancy et al., 
2006; Olazagasti et al., 2013). 

3.4.1.3. The role of risky behavior. Positive bias in teenage drivers with 
ADHD (n = 172) was found to be significantly correlated with risky 
driving behavior in a study by Fabiono et al. who compared self and 
external ratings of driving performance within a driving simulator task 
(Fabiano et al., 2018). One further study found that risky driving 
behavior in young adults with ADHD (ADHD: n = 1769; no ADHD: n =
13,167) was linked to higher rates of alcohol and drug abuse, especially 
in the first year of driving (Curry et al., 2019). 

3.4.1.4. The role of risk factors in parents. Parents’ educational level, 
parenting style and parents’ diagnosis with ADHD or anxiety disorders 
were reported to have a significant influence on the increased injury risk 
in children (Kafali et al., 2020, n = 79 children; Ayaz et al., 2016 ADHD: 
n = 183 vs 1247 controls; Acar et al., 2015 study group:n = 40 vs n =
40). 

3.4.2. Analysis of studies in adults 
From the 56 studies retrieved with a focus on mechanisms/risk fac-

tors of injuries in ADHD, 29 studies investigated adults. We aimed to 
determine whether there was a change of mechanisms/risk factors over 
life time. While studies in children investigated unintentional, passive 
injuries or injuries in the role of pedestrian, most studies in adults 
concentrated on assessing driving related accidents and injuries. Only 
one study investigated other injuries (Sahin et al., 2015). Apart from the 
study by Vingilis et al., who did not find any correlation between ADHD 
diagnoses and impaired driving, all other studies reported an increased 
driving related accident risk in patients with ADHD (Vingilis et al., 
2014). 

Similar to the findings in children cited above, studies in adults 
mainly investigated the role of ADHD related symptoms, risky behavior 
and the role of comorbidities as possible causal mechanisms for 
increased injury risk. However, in adult ADHD patients the possible role 
of distraction and sleep disturbance on driving behavior was addition-
ally assessed. 

3.4.2.1. The role of external and internal distraction. Out of 29 studies, 
six studies assessed the impact of external and internal distraction on 
driving behavior in adults with ADHD (El Farouki et al., 2014; Turel and 
Bechara, 2016; Kittel-Schneider et al., 2019; Reimer et al., 2010, 2007; 
Narad et al., 2013). Three studies provided data by comparing ADHD 
drivers with a control group of drivers without ADHD (Reimer et al., 
2007, 2010; Narad et al., 2013), one study screened drivers from the 
general population (n = 777) (El Farouki et al., 2014), and one study 
only included patients with ADHD (n = 457) (Turel and Bechara, 2016). 
The role of distraction was assessed by either performing driving 
simulator studies (Reimer et al., 2007, 2010; Narad et al., 2013) or 
evaluation of questionnaires (Turel and Bechara, 2016; El Farouki et al., 
2014). 

Studies by El Farouki et al. and by Narad et al. (ADHD, n = 28; 
controls, n = 33) suggested an increased accident/injury risk due to 
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external distraction (cell phone use, texting) (El Farouki et al., 2014; 
Narad et al., 2013). Turel et al. reported an association between high 
levels of stress and low self-esteem in ADHD patients with an increased 
usage of social networks whilst driving (Turel and Bechara, 2016). 
Reimer et al. reported that ADHD drivers are more affected by distrac-
tion in time periods with low stimuli, which require a greater effort to 
stay attentive, leading to impaired driving and more collisions (Reimer 
et al., 2007, 2010). Another study investigated various accident types 
and demonstrated an impact of internal distraction (mind-wandering, 
being-in-thoughts) on accidental injuries in participants who had 
screened positive for ADHD (ADHD n = 56, controls n = 214) (Kit-
tel-Schneider et al., 2019). 

3.4.2.2. The role of ADHD core symptoms. Four studies were found in 
which the impact of core symptoms of ADHD on driving behavior was 
assessed (Groom et al., 2015; Fischer et al., 2007; Barkley et al., 1996; 
Aduen et al., 2018). Three studies compared ADHD drivers with 
non-ADHD drivers regarding driving performance on a simulator 
(Groom et al., 2015; Fischer et al., 2007; Barkley et al., 1996). Another 
study compared ADHD drivers (n = 274) with patients suffering from 
depression (n = 251) and healthy controls (n = 1806), whose driving 
behavior was continuously monitored using “in car technologies” 
(Aduen et al., 2018). In addition, several different outcome-measures 
(self-report and other person’s report of driving behavior) and symp-
tom rating scales were used. The study by Fischer et al. was the only 
follow- up study (Fischer et al., 2007), and Aduen et al. was the only 
prospective study (Aduen et al., 2018). 

Analysis of driving performance tasks suggested that increased 
impulsivity and inattention in ADHD patients (n = 158) are associated 
with impaired driving behavior (e.g. more variable reaction time, more 
steering variability, poor rule following) (Fischer et al., 2007). Similar 
findings were reported in an earlier study by Barkley et al., in a smaller 
sample of young adults with ADHD (n = 25) (Barkley et al., 1996). 
However, Groom et al. found that higher levels of impulsivity and hy-
peractivity were correlated with impaired driving in 22 adults with 
ADHD (e.g. more speeding, lane deviation, greater levels of frustration) 
(Groom et al., 2015). Aduen et al. also showed that the risk of driving 
related accidents increased with severity of ADHD symptoms. Moreover, 
elevated crash risk was also shown for drivers with depression who re-
ported symptoms of inattention/hyperactivity/impulsivity (Aduen 
et al., 2018). 

3.4.2.3. The role of risky behavior. Several studies reported increased 
risky driving in adult ADHD, leading to an elevated accident/injury risk 
(Safiri et al., 2016; Sadeghi-Bazargani et al., 2019; Kaya et al., 2008; 
Bron et al., 2018; Richards et al., 2006; Reimer et al., 2005). Kaya et al. 
reported a significant relationship between the level of trauma intensity, 
frequency of trauma, and prevalence of ADHD (Kaya et al., 2008). 
Although the sample size (n = 58) was rather small, ADHD symptoms 
were further assessed and the diagnosis confirmed by a psychiatrist 
(Kaya et al., 2008). In contrast, Safiri et al. and Sadeghi et al. relied on 
self-reported questionnaires (Safiri et al., 2016; Sadeghi-Bazargani et al., 
2019). Safiri et al. investigated a possible association between helmet 
use as an indicator for risky driving behavior and ADHD in a large 
cross-sectional study, comprising 205 motorcycle drivers who were 
admitted to hospital after a traffic accident (Safiri et al., 2016). Although 
results showed significantly higher scores on ADHD subscales amongst 
non-helmet users, the hypothesized relationship between ADHD and 
helmet-use (as a surrogate for risky behavior) and accidents was not 
confirmed. Sadeghi et al. assessed aspects of risky driving by using the 
Motorcycle Rider Behavior Questionnaire (MRBQ) (Sadeghi-Bazargani 
et al., 2019). They reported a significant correlation among those who 
screened positive for adult ADHD and risky driving behavior, leading to 
increased accident risk (Sadeghi-Bazargani et al., 2019). 

Other characteristics of ADHD participants were also shown to be 

relevant for risky driving behavior, including high anxiety levels, hos-
tility, anger, frustration, and more frequent alcohol and cannabis use 
(Bron et al., 2018, ADHD, n = 330 vs. controls, n = 330; Malta et al., 
2005, n = 80 students; Richards et al., 2006, ADHD, n = 56 vs controls, n 
= 432). Reimer et al. aimed to assess the impact of ADHD (n = 20 vs 
controls, n = 15), gender and age on risky driving behavior, and found 
that when controlling for age, specific aspects contributing to risky 
driving behavior decreased and risk was no longer significantly elevated 
in ADHD patients (Reimer et al., 2005). 

3.4.2.4. The role of comorbidities. In contrast to the studies in children, 
only two studies in adults assessed the potential role of comorbidities in 
patients with ADHD on increased risk of accidents/injuries. Based on the 
results of the self-reported Driving Behavior Questionnaire (DBQ), a 
very small study (ADHD, n = 26; controls, n = 23) reported higher rates 
of comorbidities (depression, oppositional defiant disorder, anxiety 
disorders) in ADHD drivers with high scores on the DBQ (Fried et al., 
2006). Kaye et al. reported that risky behavior (illegal drug, sexual- and 
driving-related risk behaviors) was further increased by comorbid 
ADHD in patients with substance abuse disorder (SUD) (n = 489) (Kaye 
et al., 2014). ADHD was also associated with driving related risky 
behavior, with symptoms of hyperactivity and inattention specifically 
associated with increased accident risk, but not with risky illegal drug- 
or sexual-related behaviors (Kaye et al., 2014). 

3.4.2.5. The role of sleep disturbance. Little evidence was found for a 
relationship between increased sleepiness and accident risk in adults. 
However, Phillip et al. reported an association between excessive day-
time sleepiness in drivers with ADHD symptoms (n = 1543 vs controls, n 
= 36,140), as well as severe sleepiness at the wheel leading to impaired 
driving (Philip et al., 2015). In contrast, the study of Kittel-Schneider at 
al. could not find any association between daytime sleepiness and ac-
cidents in accident victims that screened positive for ADHD (Kit-
tel-Schneider et al., 2019). 

3.4.2.6. Summary of results. The studies included in our systematic re-
view strongly support increased risk of accidents or unintentional in-
juries in patients with ADHD in all age groups. In children, most of the 
studies discussed an association between core symptoms of ADHD and 
co-occurring mental disorder comorbidities with unintentional injuries. 
From the studies screened we could infer that patients with high levels of 
hyperactivity and comorbid conduct disorder seem to be at the highest 
risk for unintentional injuries/accidents. In adults, most of the studies 
investigated the impact of external/internal distraction and risky 
behavior on driving related injuries and accidents. From these studies 
we could infer that adults with ADHD are more prone to distraction 
while driving and showed more risky driving behavior leading to an 
increased risk for accidents. Studies in both childhood and adulthood 
provided important information regarding an increased accident risk 
when mental disorder comorbidity occurs in ADHD patients. 

An overview of the potential causal mechanisms of accidents and 
unintentional injuries in patients with ADHD is given in Fig. 3. 

4. Discussion and outlook 

Based on our systematic review, it appears that the risk of accidents 
and injuries differs over the lifespan of a person suffering from ADHD, 
peaking in adolescents and young adults. Within this review we set out 
to identify age groups that show particularly elevated risk for injuries 
and accidents. From the results of the above discussed studies, there 
seemed to be a cluster around adolescents (12–18 years) and young 
adults (18–25 years) where the accident/injury risk peaked. We there-
fore propose that ADHD screening of patients who present at the hos-
pital/emergency room in the age of 12–25 years should be performed, in 
order to reduce the risk of further accidents and injuries. 
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However, the results of this review may be biased by several aspects. 
Firstly, ADHD has long been considered a childhood disorder and 
therefore studies on adults with ADHD are still scarce. This leaves an 
important gap in knowledge. Secondly, there may also be accidents and 
injuries more commonly associated with a specific age group in the 
general population, and hence this accident/injury type may be studied 
more frequently (for example traffic accidents in young adults). Further 
studies providing detailed analyses of ADHD across the lifespan and 
considering risk of injuries and accidents are needed to verify the re-
ported age groups that might be high-risk for future prevention and 
screening programs. 

The persistence of ADHD symptoms from childhood to adulthood 
appeared to play a role in the increased risk of accidents and injuries. 
Studies have suggested that adolescents and adults with a history of 
persisting ADHD symptoms from childhood are at an elevated risk of 
negative driving outcomes (Thompson et al., 2007; Fischer et al., 2007). 
Daalsgard et al. found that mortality due to unnatural causes was also 
linked with age at first diagnosis: individuals diagnosed with ADHD in 
adulthood had a greater risk of death than did those diagnosed in 
childhood and adolescence, suggesting that ADHD persisting into 
adulthood represents a more severe form of the disorder (Dalsgaard 
et al., 2015). This underlines the necessity for further research con-
cerning accidents and mortality as the main cause of premature mor-
tality in ADHD patients. 

From reviewing the available studies, it appears that accident/injury 
type may differ over the lifespan in ADHD. However, this finding might 
be biased. Although most studies concerning adulthood ADHD and ac-
cident/injury documented increased risk of driving-related accidents, 
this does not mean that they are the most common type of accident/ 
injury associated with adulthood ADHD; rather, it may just be the most 
studied type of accident. The changes in accident/injury type over age 
also appear to be highly situational and may additionally be attributable 
to levels of personal responsibility (e.g. workplace versus school). 
However, certain accident/injury types may also be related to devel-
opmental stage, such as poisoning. To determine whether accident/ 
injury type changes across the lifespan of ADHD patients, future studies 
should be performed with this specific research question in mind, using 
an unbiased approach to accident/injury type and using age groups from 
childhood to adulthood up to the elderly. 

It would also be interesting to determine whether the type of acci-
dent/injury changes across the lifespan in healthy individuals, poten-
tially mirroring ADHD patients but at a decreased incident rate, or 
whether accident/injury type changes over time specifically due to the 
presence of ADHD. Unfortunately, of the three studies included in this 
systematic review that directly investigated changes in a specific acci-
dent/injury risk in different age groups (motor vehicle-related), only one 
study used a separate healthy control population (Reimer et al., 2005). 
In this study, no significant differences were observed in the control 
population between the different age groups for driving-related behav-
iour. However, the control population did appear to show different 

trends with ageing compared to the ADHD population. For example, 
mean violation scores significantly decreased with age in the ADHD 
population, whereas violation scores remained consistent across ages in 
the control population. This therefore suggests that the trajectory of 
accident/injury risk and type over the lifespan may differ in the general 
population, compared to ADHD population. Further research into this 
area is needed to clarify these potential differences. 

Our systematic review strengthens previous studies showing that 
stimulant medication in ADHD patients might be effective in injury 
prevention over the lifespan, but studies specifically focusing on the 
entire lifespan are still missing, therefore no final conclusions can be 
drawn. Only a few studies compared the accident-preventive effect of 
medication directly between different age groups in a cross-sectional 
design, but none of these included elderly ADHD patients. Further-
more, we could not find a longitudinal study investigating the effec-
tiveness of ADHD medication regarding protection from injuries and 
accidents within the same participants over the lifespan. Furthermore, 
there were no studies comparing the different ADHD medication against 
each other concerning a potential accident prevention effect. However, 
from the studies included, it does not so far appear that stimulant 
medication is any less effective in a given age group. 

Finally, we aimed to find potential causal mechanisms for the 
observed increased accident risk in ADHD patients. However, in the 
studies published to date, only associations and not causal mechanisms 
between ADHD and accidents/injuries have been described because 
interventional studies are missing. Studies in children mainly focused on 
core symptoms of ADHD and the role of comorbidities, whilst studies in 
adults mainly assessed the roles of distraction and risky driving 
behavior. A possible cause for this difference might be due to the study 
design. Whilst studies in children investigated injuries of different types, 
studies in adults focused more on driving related accidents. The role of 
external and internal distraction was assessed in this context in most of 
the adult studies included in our review. Significant results were re-
ported for the relationship between cell phone use and increased acci-
dent risk, which were more significant in participants with ADHD 
symptoms. Internal distraction, such as mind wandering and being-in- 
thoughts, was also discussed as potentially responsible for the higher 
accident rate. None of the studies included in our review discussed the 
potential danger of external and internal distraction in children. It 
would be interesting to determine whether there is an influence of these 
factors on accident/injury risk, for example on road crossing behavior. 
Future studies should attempt to fill this research gap. Furthermore, 
future studies are needed to assess the change of risk factors over 
lifetime. 

A further limitation of our review is that the studies differed in in-
clusion criteria, sample size, quality of research design and methods. 
While some studies only included participants with ̀ pure` ADHD, others 
also included ADHD patients with comorbidities, and individuals with 
increased ADHD symptoms but without the clinical diagnosis of an 
ADHD were additionally investigated. Importantly, some studies based 

Fig. 3. Potential causal mechanisms of accidents and unintentional injuries in patients with ADHD. 
Created with BioRender.com. 

N. Brunkhorst-Kanaan et al.                                                                                                                                                                                                                 



Neuroscience and Biobehavioral Reviews 125 (2021) 582–591

589

their results on self- and parent-reported questionnaires. Others pro-
vided more objective data regarding ADHD symptoms and cognitive 
deficits by performing simulator studies. However, this particular 
method lacks ecological validity and thus might be far removed from 
stressful reality. Future studies should focus on assessing driving 
behavior of ADHD patients in `real traffic`. 

In children, a robust association between mental disorder comor-
bidities and increased accident/injury risk was reported. In contrast to 
this, only two studies were found in adults assessing this relationship. 
For example, Aduen et.al. found an increased accident risk in patients 
with depression who also reported ADHD related symptoms. As ADHD 
patients often suffer from comorbid mental disorders, future studies 
should address this important research area. Additionally, most studies 
based their data on comparison of ADHD patients with healthy controls, 
therefore we propose that future studies should include patients with 
ADHD and comorbid mental disorders as well as patients with other 
mental disorders as control groups. 

Of the included studies, only few explored potential differences in 
accident risk in relation to the severity of ADHD symptoms. We propose 
that future studies should aim to identify specific subgroups in ADHD 
patients that are more prone to accidents, to avoid stigmatism of all 
ADHD patients whilst also identifying high-risk patients. A strikingly 
small number of studies examined the impact of risky behavior and risk 
factors in parents on accident/injury risk of their children with ADHD, 
which is an important research goal for future studies. Lastly, we did not 
investigate the gender aspect in our review. However, this is an inter-
esting additional aspect which should be included in future studies and 
reviews. 

Our results highlight the lack of studies concerning potential causal 
mechanisms or specific risk factors leading to an increased accident/ 
injury risk in ADHD patients and their change over the lifespan. 
Furthermore, our results emphasize the need for interventional studies. 
Most of the studies screened in our literature review only assessed the 
effect of treatment with stimulants on driving facilities (Biederman 
et al., 2012a; Cox et al., 2004, 2006; Lage and Hwang, 2004; Barkley 
et al., 2005; Sobanski et al., 2008). Future, research should investigate 
whether (non-)medical interventions influence accident/injury risk. 

Amongst all the studies included in our literature review only two 
studies assessed the effect of behavioral interventions on driving per-
formance in ADHD participants (Fabiano et al., 2016; Poulsen et al., 
2010). A multicomponent interventional study aimed to improve 
driving behavior in teenagers. The program included motivational 
enhancement of adolescents and their parents, individual sessions for 
adolescents to review safe driving behavior and learn about effective 
communication and social skills, teaching effective parental monitoring 
and communication skills, practice on a driving simulator and reflecting 
on driving data within the family. Although there were some limitations 
in the study of Fabiano et al., such as a very small sample size, results 
showed an improvement of driving behavior (Fabiano et al., 2016). A 
hazard perception training intervention was also performed with male 
drivers who met the criteria for adult ADHD. Results of this study 
additionally showed significant improvement in hazard perception 
response time (Poulsen et al., 2010). 

Most of the other studies screened for our literature review discussed 
different possible suggestions for preventing increased injuries/acci-
dents in ADHD patients based on their main study results, such as 
example more screening or psychoeducation. However, none of these 
suggested strategies were investigated in a study with ADHD patients. 

5. Clinical implications 

Our literature review we could infer several important clinical im-
plications. First of all, clinicians (particularly pediatricians, trauma 
surgeons or emergency physicians) should be informed about the 
increased risk of accidents and injuries in children and adults with 
ADHD, and therefore should consult a (children’s) psychiatrist for 

further assessment. Psychiatrists should inform their patients, and in 
case of children also their parents, about the increased risk of accidents 
and injuries. Furthermore, the potential danger of cell phone use and 
other factors of external distraction whilst driving should be discussed 
with adult patients. 
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