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Abstract

Objective: Our objective was to determine whether ADHD medication is associated with a 

decreased risk of unintentional injuries in children and adolescents in the United States across 

sexes, age groups and injury types.

Methods: We used de-identified inpatient, outpatient, and filled prescription claims data from the 

Truven Health MarketScan® Research Databases. Individuals were followed from January 1, 

2005, date of first ADHD diagnosis or medication prescription, or age 6, whichever occurred last, 

until December 31, 2014, first healthcare insurance disenrollment, or the first year at which their 

age was recorded as 19, whichever occurred first. A person was considered on ADHD medication 

during a given month if a prescription was filled in that month. The outcome was defined as 

emergency department visits for injuries, including traumatic brain injuries, with unintentional 

causes. Odds of having the outcome were compared between medicated and un-medicated months 

at the population-level and in within-individual analyses using logistic regression.

Results: Among 1 968 146 individuals diagnosed with ADHD or receiving ADHD medication, 

87 154 had at least one event. At the population-level, medication use was associated a lower risk 

of injuries, both in boys (OR= 0.85; 95% CI: 0.84–0.86) and girls (OR=0.87; 95% CI: 0.85–0.89). 

Similar results were obtained from within-individual analysis among male (OR= 0.72; 95% CI: 

0.70–0.74) and female (OR= 0.72; 95% CI: 0.69–0.75) children, and among male (OR= 0.64; 95% 

CI: 0.60–0.67) and female (OR= 0.65; 95% CI: 0.60–0.71) adolescents. Similar results were found 

for traumatic brain injuries.
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Conclusion: ADHD medication use was associated with a reduction of different types of 

unintentional injuries in children and adolescents of both sexes.

LAY SUMMARY

We used de-identified insurance claims data from the Truven Health MarketScan® Commercial 

Claims and Encounters databases to study whether use of ADHD medication is associated with a 

decreased risk of unintentional injuries in children and adolescents in the United States. Use of 

ADHD medication was associated with a decreased risk of any unintentional injury in boys (Odds 

Ratio= 0.71, 95% Confidence Interval: 0.70–0.73) and girls (Odds Ratio=0.71, 95% Confidence 

Interval: 0.68–0.73). Similar associations were found for traumatic brain injuries and both in 

children and adolescents. The results suggest that ADHD medication use may have beneficial 

effects not only on core symptoms of ADHD, but also on other aspects of general health, such as 

prevention of physical injuries.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a common neuropsychiatric disorder that 

affects about 3–5% of children worldwide.1,2 ADHD is associated with several negative 

outcomes related to health and wellbeing,3 including physical injuries.4–6 Unintentional 

injuries, such as falls and road injuries, are the leading cause of morbidity and mortality 

among children in the United States.7 Meta-analytical results suggest that ADHD is 

associated with a 40–50% increase in the risk of injuries in children and adolescents.5,6 

Pharmacological treatment for ADHD has been reported to be effective for core 

symptoms8,9 and cognitive deficits10 associated with ADHD. Hence it may be hypothesized 

that, by reducing distractibility, impulsivity and over-activity, ADHD medication may 

prevent unintentional injuries.

Although randomized controlled trials (RCTs) represent the gold standard approach to 

evaluate intervention efficacy, observational studies based on large and representative 

administrative databases, combined with designs and analytical techniques aimed at 

reducing confounding, may also contribute to the knowledge base around medication safety 

and effectiveness.11 This is particularly true for studying rare-but-serious outcomes. One 

approach that is becoming increasingly used in observational studies evaluating concurrent 

effects of medication use is the within-individual design, which removes time-invariant 

confounding by comparing the risk of an outcome within the same individual under different 

treatment conditions.12 A few recent observational studies have used within-individual 

designs to investigate if treatment with medications approved for the management of ADHD 

symptoms may influence the risk of injuries in children and adolescents.4,13–16 Two recent 

meta-analyses of observational studies found support for a protective effect.5,17 When 

focusing on studies that used within-individual comparisons, the pooled effect sizes pointed 
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towards a reduction in the rate of injuries by 12–14% during medicated periods compared 

with un-medicated periods.5,17 However, not all the studies have consistently reported a 

significant risk reduction.15 One point that remains unclear is whether the association 

between ADHD medication and injuries may depend on age. One study reported very 

similar estimates across age groups,13 while other studies reported different associations in 

different age groups.14,16 Understanding the consequences of ADHD across childhood and 

adolescence has important implications for clinical practice, as many patients stop using 

their medication during adolescence.18 Another important factor is the type of the injury. For 

example, one study found an association between medication use and traumatic brain 

injuries (TBI) but did not find a significant association with any type of injury, although the 

point estimates indicated a risk reduction.13 This may suggest that different types of injuries 

may not be associated with medication in the same way, an aspect that deserves further 

investigation, because of the public health relevance and implications for clinical practice 

when weighting the risks and benefits of ADHD medication. In addition, it is not clear 

whether the results from previous studies in European and Asian countries, where ADHD 

medication prevalence estimates are around 2%,19 will generalize to other settings, such as 

the United States, where the prevalence of diagnosed ADHD and ADHD medication use are 

higher.19,20

In this study, we estimated the concurrent association between ADHD medication use and 

unintentional injuries (that is, excluding intentional self-harm) in a sample of commercially-

insured children and adolescents in the United States. In addition, capitalizing on the 

availability of data from a large health-care database, we explored if the association was 

consistent across sex and age and for TBI, given that the available evidence on these aspects 

is still inconclusive.

METHODS

Study sample

We used data from the Truven Health MarketScan® Commercial Claims and Encounters 

databases of de-identified inpatient, outpatient, and filled prescription claims.21 As 

confirmed with the University of Chicago institutional review board, the analysis of 

MarketScan Databases is exempt because records are de-identified, and informed consent is 

not required.

We identified all individuals with an ADHD diagnosis (codes 314 in the International 

Classification of Diseases, Ninth Edition [ICD-9]) or an ADHD medication prescription 

between January 1, 2005 and December 31, 2014. The first inpatient or outpatient diagnosis 

or filled prescription was defined as the index date. Individuals included in the study were 

followed from the index date or age 6, whichever occurred later, until their first 

disenrollment, December 31, 2014 or the first year at which their age was recorded as 19, 

whichever occurred first. Disenrollment was defined as zero days of medical or drug 

insurance coverage in a given month. A non-ADHD control group (no ADHD diagnosis or 

medication, as defined above), matched 1:1 on sex, calendar year, age at first enrollment, 

and length of enrollment, was also selected from MarketScan Databases enrollees. More 

details are available elsewhere.22,23
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Exposure

We identified data ADHD medication using national drug codes for the following generic 

names: amphetamine salt combination, atomoxetine hydrochloride, dexmethylphenidate 

hydrochloride, dextroamphetamine sulfate, lisdexamfetamine dimesylate, methamphetamine 

hydrochloride, methylphenidate, and methylphenidate hydrochloride, consistent with other 

studies.22–23 We required prescription claims to have valid fill dates and day supply (180 

days or less). A person was considered to be receiving medication during a given month if a 

prescription was filled in that month or if there was a carryover from a prior month.

Outcome

To identify unintentional injuries we defined the outcome events as Emergency Department 

(ED) visits for injuries (ICD-9 codes: 800–929; 950) with an unintentional cause (ICD-9 

codes: E001-E869; E880-E928). In addition, we identified TBI as ED visits for unintentional 

causes (ICD-9 codes: 800, 801, 803, 804; 850–854; 950.1–950.3; 959.01). We focused on 

ED visits rather than any hospital visit in order to identify acute events.

We allowed unintentional injuries to occur multiple times during the follow-up. To avoid 

reverse causation, if a new prescription was filled in a month when an event occurred, the 

medication was considered used only if the prescription was filled before the date of the 

event. In a small number of instances (n = 2441; less than 0.01% of the included months) 

patients began new prescriptions and experienced the event in the same month. In these 

cases, we considered patients as unmedicated if the event occurred before or on the same 

date as the first prescription fill.

Statistical Analysis

ADHD and the risk of injuries—To examine the association between ADHD and 

unintentional injuries, we compared the odds of having at least one event between ADHD 

patients and matched controls. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) were 

estimated using conditional logistic regression. The same model was used to analyze the 

association between ADHD and unintentional TBI.

ADHD medication use and the risk of injuries—To explore the concurrent 

association between ADHD medication use and ED visits for unintentional injuries, we 

created a monthly person-time data set and performed two sets of analyses using logistic 

regression. First, we compared the odds of having an event between medicated and un-

medicated months at the population-level , adjusting for time-varying covariates (age, 

calendar year, and time since the last accidental injury event), with robust standard errors 

accounting for the correlation among months within individual. We converted the ORs into 

Risk Ratios (RRs) and calculated the adjusted rate difference as I0 × (RRa−1), where I0 is the 

unadjusted event rate in the unexposed periods and RRa is the adjusted RR.24

Second, we compared the odds of having the event between medicated and un-medicated 

months at the individual level (within-individual analysis). That is, each individual served as 

his or her own control. ORs were estimated using conditional logistic regression. This model 

controlled for all unmeasured confounding factors that were constant within the individual 
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during the follow-up (for example, genetic make-up and early environmental exposures).25 

In addition, we adjusted for time since the last accidental injury event. These two sets of 

analyses were also applied to estimate the association between ADHD medication use and 

unintentional TBI. Assuming that the estimate from within-individual analysis could be 

generalized to the full sample, we estimated the rate difference between medicated and un-

medicated months.

We obtained separate estimates for boys and girls. Furthermore, we examined the 

associations between ADHD medication use and unintentional injuries in two separate age 

groups: individuals aged 6–15 years and individuals aged 16–19 years, consistent with a 

previous study.14

Sensitivity Analysis

To examine the robustness of the within-individual associations between ADHD medication 

use and ED visits for both unintentional injuries and unintentional TBI, we performed 

sensitivity analyses using different definitions of the cohort, exposure, and outcome. The 

first analysis examined the association in a cohort with incident diagnoses of ADHD (i.e., 

patients who were newly diagnosed with ADHD and had no prescription of ADHD 

medication for at least one year), in order to evaluate the association among patients who 

were new to ADHD treatment. The second analysis censored individuals after the first event 

in the incident diagnosis cohort (i.e., the one used for the first sensitivity analysis) to exclude 

possible bias due to reverse causation (i.e., the prescription of ADHD medication was 

influenced by an unintentional injury). The third analysis excluded the last month before 

disenrollment because the coverage for the last month might be incomplete. The fourth and 

fifth analyses examined the association among people with index dates 2005–2008 and 

2009–2014 respectively, as average severity of treated patients might have changed over 

time. The sixth analysis extended the medicated periods by one month so that the definition 

of un-medicated months following treatment discontinuation was more conservative. In the 

seventh analysis we excluded prescriptions with less than 10 day of supply (about 1% of 

total prescriptions) so that we excluded short medication periods. The eighth analysis 

examined the associations with only stimulant medications as the exposure (i.e., excluding 

atomoxetine) to explore whether the association depended on the type of ADHD medication 

(i.e., stimulant vs non-stimulant). The ninth and tenth analyses excluded patients who 

received other psychotropic medication and psychotherapy, respectively, in order to test 

whether the observed associations were explained by other concomitant treatments. The 

eleventh analysis used selective serotonin reuptake inhibitors (SSRIs) as the main exposure 

to evaluate if the observed association was specific to ADHD medication or similar pattern 

could be observed with other psychotropic medications. In this analysis the exposure to 

SSRIs was defined and modelled in the same way as ADHD medication in the main 

analysis.

All analyses were performed using statistical software (SAS, version 9.4; SAS Institute Inc).
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RESULTS

We identified 1 968 146 individuals with a diagnosis of ADHD or a prescription for ADHD 

medication during the follow-up time. The main characteristics of the study cohort are 

presented in Table 1. Over 60% of the sample were boys and the median age at the start of 

the follow-up was 11 for boys and 12 for girls. The proportion of individuals with at least 

one event was slightly higher in boys (4.8%) than in girls (3.6%).

ADHD and the risk of injuries

ADHD was associated with an increased risk of having an unintentional injury in boys 

(OR=1.18, 95% CI: 1.17–1.20) and in girls (OR=1.36, 95% CI: 1.34–1.38) (Table2). Similar 

results were obtained for TBI, both in boys (OR=1.21, 95% CI: 1.18–1.24) and in girls 

(OR=1.49, 95% CI: 1.42–1.56) (Table2).

ADHD medication use and the risk of injuries

In the population-level analysis, ADHD medication use was associated a lower risk of 

having an ED visit for unintentional injuries (OR= 0.85, 95% CI: 0.84–0.86 for boys; OR= 

0.87, 95% CI: 0.85–0.89 for girls) (Table 3). This corresponded to 37.90 (95% CI: 35.37–

40.43) fewer events per 100 000 person-months in boys and 25.15 (95% CI: 21.28–29.02) 

fewer events per 100 000 person-months in girls. Similar results were obtained for TBI 

(OR= 0.85, 95% CI: 0.81–0.89 for boys; OR= 0.91, 95% CI: 0.84–0.98 for girls) (Table 3). 

This corresponded to 4.24 (95% CI: 3.11–5.38) fewer events per 100 000 person-months in 

boys and 1.87 (95% CI: 0.42–3.33) fewer events per 100 000 person-months in girls.

In the within-individual analysis, ADHD medication use was associated with a lower risk of 

having an ED visit for unintentional injuries, with equal effect sizes in boys (OR= 0.71, 95% 

CI: 0.70–0.73) and girls (OR=0.71, 95% CI: 0.68–0.73) (Table 3). This corresponded to 

73.29 (95% CI: 68.24–75.82) fewer events per 100 000 person-months in boys and 56.11 

(95% CI: 52.24–61.92) fewer events per 100 000 person-months in girls. Similar 

associations were estimated for TBI, both in boys (OR= 0.63, 95% CI: 0.59–0.67) and in 

girls (OR= 0.67, 95% CI: 0.60–0.75) (Table 3). This corresponded to 10.47 (95% CI: 9.34–

11.60) fewer events per 100 000 person-months in boys and 6.87 (95% CI: 5.21–8.33) fewer 

events per 100 000 person-months in girls.

Age-stratified estimates showed that ADHD medication use was associated with a lower risk 

of having an ED visit for unintentional injuries in children and adolescents, both in boys 

(OR= 0.72, 95% CI: 0.70–0.74 for children; OR= 0.64, 95%CI: 0.60–0.67 for adolescents) 

and in girls (OR= 0.72, 95% CI: 0.69–0.75 for children; OR= 0.65, 95%CI: 0.60–0.71 for 

adolescents) (Table 4). Similar associations were observed for TBI (Table 4).

Sensitivity analyses

Similar results were observed in all the sensitivity analyses, indicating that the main results 

are robust across different definitions of the cohort, the exposure, and the outcome (Table 5). 

For example, similar estimates were found when the within-individual analysis was 

restricted to patients with no other psychotropic medication (OR= 0.67; 95% CI: 0.65–0.69 
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for boys; OR= 0.68; 95% CI: 0.65–0.72 for girls) or psychotherapy (OR= 0.68; 95% CI: 

0.66–0.70 for boys; OR= 0.68; 95% CI: 0.65–0.72 for girls) (Table 5). In contrast, we did 

not observe a decreased risk of ED visits due to unintentional injuries with concurrent use of 

SSRIs (OR= 1.17; 95% CI: 1.12–1.23 for boys; OR= 1.09; 95% CI: 1.02–1.16 for girls), 

suggesting the protective association with ADHD medication was not due to the use of any 

psychotropic medication (Table 5).

DISCUSSION

To our knowledge, this is the first study that investigated the concurrent association between 

ADHD medication use and risk of ED visits for unintentional injuries in children and 

adolescents in the United States. The large sample size allowed us to obtain separate 

estimates across sexes, age groups and different types if injuries. Furthermore, we were able 

to specifically focus on unintentional injuries (i.e., excluding intentional self-harm). We 

found that use of ADHD medication was associated with a reduction of the risk of having an 

ED visit for unintentional injury, both at the population and at the individual level. The 

negative associations were present in boys and girls, children and adolescents, as well as for 

TBIs. The estimates were also robust to different definitions of the study sample, of the 

follow-up, of the exposure and of the outcome.

This study extends previous findings from studies conducted in Europe4,13,16 and Hong 

Kong15 by showing that the injury risk reduction associated with concurrent ADHD 

medication use is consistent across sexes, age groups, injury type, and continents. 

Furthermore, while these studies did not differentiate between intentional and unintentional 

injury, we focused on unintentional injuries only, which represent a leading cause of 

disability and mortality in children and adolescents in the United States7 and in Europe.26

Considering the burden of injuries in children and adolescents, this study has clear public 

health relevance. In particular, TBI has been associated with adverse outcomes in the 

educational and vocational domains,27–29 and increased risk of hospitalization and 

premature mortality.29 From a clinical perspective, the increasing evidence that ADHD 

medication seems to be associated with a reduction of severe outcomes, including injuries, 

but also criminality,30 substance use disorder23 and transport accidents,22,31 may be an 

additional factor to consider when weighing benefits against risks of ADHD medications.

The study has some strengths and limitations that should be considered when interpreting 

the results. First, the use of data from a large sample of commercially-insured patients in the 

United States limits the generalization to other patient groups and to other countries. On the 

other hand, the large sample size also allowed us to explore the association between ADHD 

medication and injuries across age groups that may have different risk of injuries32 and 

medication use pattern.19,20,33 Second, only unintentional injuries that led to an ED visit 

were included in the study; less severe events, including unintentional injuries that did not 

require medical attention or that were treated in outpatient settings, were not captured by this 

study. Conversely, it is important to study severe events, including TBI, because of the 

public health impact.27–29,34 Third, as a major methodological strength, the information on 

medication prescriptions was independent of the information on the outcome and free from 
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recall bias. However, these data did not include information on prescriptions that were not 

filled (non-adherence) or that were not claimed to the insurance provider. Fourth, because of 

the observational nature of the data, we were not able to account for all the possible 

confounders that select individuals into treatment. Some unmeasured factors that correlate 

with medication use (that is, time-varying confounders, which may lead to medication 

initiation or cessation) may also decrease or increase the risk of unintentional injuries. One 

factor that may correlate with ADHD medication use and with risk of injuries is 

psychotherapy or the use of other psychotropic medications. When we restricted the analysis 

to individuals with no psychotherapy or other psychotropic medication, we found similar 

protective estimates, suggesting that these interventions are not likely to explain the 

observed association. However, it is difficult to establish if the use of the within-individual 

design, measured time-varying covariates, and different sensitivity analyses ruled out all 

alternative explanations for the associations between ADHD medication and injuries. To 

further address the role of unmeasured confounding, we used concurrent use of SSRIs as the 

main exposure. The analysis found a positive association (i.e., SSRIs use was associated 

with a small increased risk of injuries). Of most importance to our study, the results for 

SSRIs showed a different pattern of results, which provides additional support for the 

specificity of the results for ADHD medication. Fifth, we were not able to check the 

indication of the medications and exclude individuals who may take ADHD medications for 

problems other than ADHD. However, in the first sensitivity analysis, where we examined 

the association in a cohort with recorded diagnoses of ADHD, we found similar results to 

those obtained in the full sample. Last, future research should investigate how the relative 

medication effect, assuming a causal effect of medication, translates into meaningfully 

reduction of rate of injuries and other health-adverse events compared to individuals without 

ADHD. Such information may help clinicians to plan for additional support via alternative 

(e.g., behavioral) interventions in the case that medication only cannot decrease the rate of 

health-adverse events to what expected in the general population.

In conclusion, use of ADHD medication is associated with a reduction of unintentional 

injuries in children and adolescents in the United States. This seems to be true in boys and 

girls of different age and for injury events of different severity. These results highlight how 

the use of ADHD medication may be associated with beneficial effects that go beyond 

reducing core symptoms of ADHD and extend to the prevention of health-adverse events, 

such as physical injuries, including TBI.

Funding for the work on the manuscript

Dr Larsson acknowledges financial support from the Swedish Research Council (2013–2280). Dr Larsson and Dr 
D’Onofrio acknowledge support from the National Institute of Mental Health (MH102221). Dr Chang 
acknowledges support from the Swedish Research Council (2018–02213). Dr Quinn acknowledges support for this 
publication by the National Institute on Drug Abuse of the National Institutes of Health under Award Number 
R00DA040727. The content is solely the responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health.

Authors’ financial disclosure statements

Dr Larsson has served as a speaker for Evolan and Shire and has received research grants from Shire; all outside the 
submitted work. Dr. Gibbons has been an expert witness for the U.S. Department of Justice, Merck, Glaxo-Smith-
Kline, Pfizer, and Wyeth and is a founder of Adaptive Testing Technologies, which distributes the CAT-MH™ 
battery of adaptive tests. The terms of this arrangement have been reviewed and approved by the University of 

Ghirardi et al. Page 8

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Chicago in accordance with its conflict of interest policies. Ms Ghirardi, Dr Chang, Dr Chen, Dr Quinn, Dr Hur, Dr 
D’Onofrio have no conflicts of interest to disclose.

REFERENCES

1. Polanczyk GV, Salum GA, Sugaya LS, Caye A, Rohde LA. Annual Research Review: A meta-
analysis of the worldwide prevalence of mental disorders in children and adolescents. J Child 
Psychol Psychiatry. 2015;56(3):345–365. [PubMed: 25649325] 

2. Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. ADHD prevalence estimates across 
three decades: an updated systematic review and meta-regression analysis. Int J Epidemiol. 
2014;43(2):434–442. [PubMed: 24464188] 

3. Nigg JT. Attention-deficit/hyperactivity disorder and adverse health outcomes. Clin Psychol Rev. 
2013;33(2):215–228. [PubMed: 23298633] 

4. Dalsgaard S, Leckman JF, Mortensen PB, Nielsen HS, Simonsen M. Effect of drugs on the risk of 
injuries in children with attention deficit hyperactivity disorder: a prospective cohort study. Lancet 
Psychiatry. 2015;2(8):702–709. [PubMed: 26249301] 

5. Ruiz-Goikoetxea M, Cortese S, Aznarez-Sanado M, et al. Risk of unintentional injuries in children 
and adolescents with ADHD and the impact of ADHD medications: A systematic review and meta-
analysis. Neurosci Biobehav Rev. 2018;84:63–71. [PubMed: 29162520] 

6. Lindemann C, Langner I, Banaschewski T, Garbe E, Mikolajczyk RT. The Risk of Hospitalizations 
with Injury Diagnoses in a Matched Cohort of Children and Adolescents with and without Attention 
Deficit/Hyperactivity Disorder in Germany: A Database Study. Front Pediatr. 2017;5(220).

7. Borse NN, Gilchrist J, Dellinger AM, Rudd RA, Ballesteros MF, AS. D. CDC Childhood Injury 
Report: Patterns of Unintentional Injuries among 0 −19 Year Olds in the United States, 2000–2006. 
Atlanta (GA): Centers for Disease Control and Prevention, National Center for Injury Prevention 
and Control;2008.

8. Banaschewski T, Coghill D, Santosh P, et al. Long-acting medications for the hyperkinetic disorders. 
A systematic review and European treatment guideline. Eur Child Adolesc Psychiatry. 
2006;15:476–495. [PubMed: 16680409] 

9. Faraone SV, Buitelaar J. Comparing the efficacy of stimulants for ADHD in children and 
adolescents using meta-analysis. Eur Child Adolesc Psychiatry. 2010; 19:353–364. [PubMed: 
19763664] 

10. Coghill DR, Seth S, Pedroso S, Usala T, Currie J, Gagliano A. Effects of methylphenidate on 
cognitive functions in children and adolescents with attention-deficit/hyperactivity disorder: 
evidence from a systematic review and a meta-analysis. Biol Psychiatry. 2014; 76(8):603–15. 
[PubMed: 24231201] 

11. Lao KS, Chui CS, Man KK, Lau WC, Chan EW, Wong IC. Medication safety research by 
observational study design. Int J Clin Pharm. 2016;38(3):676–684. [PubMed: 27003827] 

12. Petersen I, Douglas I, Whitaker H. Self controlled case series methods: an alternative to standard 
epidemiological study designs. BMJ. 2016;354.

13. Mikolajczyk R, Horn J, Schmedt N, Langner I, Lindemann C, Garbe E. Injury prevention by 
medication among children with attention-deficit/hyperactivity disorder: a case-only study. JAMA 
Pediatr. 2015;169(4):391–395. [PubMed: 25686215] 

14. Man KK, Chan EW, Coghill D, et al. Methylphenidate and the risk of trauma. Pediatrics. 
2015;135(1):40–48. [PubMed: 25511122] 

15. van den Ban E, Souverein P, Meijer W, et al. Association between ADHD drug use and injuries 
among children and adolescents. Eur Child Adolesc Psychiatry. 2014;23(2):95–102. [PubMed: 
23733150] 

16. Raman SR, Marshall SW, Haynes K, Gaynes BN, Naftel AJ, Sturmer T. Stimulant treatment and 
injury among children with attention deficit hyperactivity disorder: an application of the self-
controlled case series study design. Inj Prev. 2013;19(3):164–170. [PubMed: 23143347] 

17. Man KKC, Ip P, Chan EW, et al. Effectiveness of Pharmacological Treatment for Attention-Deficit/
Hyperactivity Disorder on Physical Injuries: A Systematic Review and Meta-Analysis of 
Observational Studies. CNS drugs. 2017;31(12):1043–1055. [PubMed: 29255995] 

Ghirardi et al. Page 9

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Zetterqvist J, Asherson P, Halldner L, Långström N, Larsson H. Stimulant and non-stimulant 
attention deficit/hyperactivity disorder drug use: total population study of trends and 
discontinuation patterns 2006–2009. Acta Psychiatr Scand. 2013;128(1):70–77. [PubMed: 
22943458] 

19. Raman SR, Man KKC, Bahmanyar S, et al. Trends in attention-deficit hyperactivity disorder 
medication use: a retrospective observational study using population-based databases. Lancet 
Psychiatry. 2015;5(10):824–835.

20. Xu G, Strathearn L, Liu B, Yang B, Bao W. Twenty-year trends in diagnosed attention-deficit/
hyperactivity disorder among us children and adolescents, 1997–2016. JAMA Netw Open. 
2018;1(4):e181471. [PubMed: 30646132] 

21. Hansen L MarketScan White Paper: The MarketScan Databases for Life Sciences Researchers. 
Ann Arbor, MI: Truven Health Analytics; 2016.

22. Chang Z, Quinn PD, Hur K, et al. Association between medication use for attention-deficit/
hyperactivity disorder and risk of motor vehicle crashes. JAMA Psychiatry. 2017;74(6):597–603. 
[PubMed: 28492937] 

23. Quinn PD, Chang Z, Hur K, et al. ADHD Medication and Substance-Related Problems. Am J 
Psychiatry. 2017;174(9):877–885. [PubMed: 28659039] 

24. Chang Z, Lichtenstein P, Långström N, Larsson H, Fazel S. Association Between Prescription of 
Major Psychotropic Medications and Violent Reoffending After Prison Release. JAMA. 
2016;316(17):1798–1807. [PubMed: 27802545] 

25. Allison P Fixed Effects Regression Models. Thousand Oaks, CA: SAGE Publications; 2009.

26. World health organization. INJURIES IN EUROPE : A CALL FOR PUBLIC HEALTH ACTION 
An update using the 2011 WHO Global Health Estimates. Copenhagen, DK: WHO Regional 
Office for Europe;2014.

27. Anderson V, Brown S, Newitt H, Hoile H. Educational, vocational, psychosocial, and quality-of-
life outcomes for adult survivors of childhood traumatic brain injury. J Head Trauma Rehabil. 
2009;24:303–12. [PubMed: 19858964] 

28. Anderson V, Brown S, Newitt H, Hoile H. Long-term outcome from childhood traumatic brain 
injury: intellectual ability, personality, and quality of life. Neuropsychology. 2011;25(2):176–84. 
[PubMed: 21219074] 

29. Sariaslan A, Sharp DJ, D’Onofrio BM, Larsson H, Fazel S. Long-Term Outcomes Associated with 
Traumatic Brain Injury in Childhood and Adolescence: A Nationwide Swedish Cohort Study of a 
Wide Range of Medical and Social Outcomes. PLoS Med. 2016;13(8):e1002103. [PubMed: 
27552147] 

30. Lichtenstein P, Halldner L, Zetterqvist J, et al. Medication for attention deficit-hyperactivity 
disorder and criminality. N Engl J Med. 2012;367(21):2006–2014. [PubMed: 23171097] 

31. Chang Z, Lichtenstein P, D’Onofrio BM, Sjolander A, Larsson H. Serious transport accidents in 
adults with attention-deficit/hyperactivity disorder and the effect of medication: a population-based 
study. JAMA Psychiatry. 2014;71(3):319–325. [PubMed: 24477798] 

32. Centers for Disease Control and Prevention. https://www.cdc.gov/injury/wisqars/nonfatal.html 
Page last visited April 2018.

33. Bachmann CJ, Wijlaars LP, Kalverdijk LJ, et al. Trends in ADHD medication use in children and 
adolescents in five western countries, 2005–2012. Eur Neuropsychopharmacol. 2017;27(5):484–
493. [PubMed: 28336088] 

34. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic brain 
injury: a brief overview. J Head Trauma Rehabil. 2006;21:375–378. [PubMed: 16983222] 

Ghirardi et al. Page 10

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/injury/wisqars/nonfatal.html


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ghirardi et al. Page 11

Table 1.

Characteristics of the study cohort

Males Females

N % N %

Study cohort 1 333 048 - 635 098 -

At least one prescription of ADHD medication 1 105 675 82.9% 523 909 82.5%

At least one medication status switch 791 026 59.3% 378 060 59.5%

At least one event 64 346 4.8% 22 808 3.6%

Median IQR Median IQR

Age at start of follow-up 11 8–15 12 9–16

Follow-up months 17 9–35 15 8–32

Note: IQR= interquartile range ; N= number.
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Table 2.

Association between ADHD and unintentional injuries

N of individuals N of individuals with at least one event OR (95% CI)

All unintentional injuries

Male

 ADHD patients 1 333 041 128 684 1.18 (1.17–1.20)

 Controls 1 333 041 110 966 -

Female

 ADHD patients 635 094 51 164 1.36 (1.34–1.38)

 Controls 635 094 38 745 -

Unintentional TBI

Male

 ADHD patients 1 333 041 15 523 1.22 (1.19–1.25)

 Controls 1 333 041 12 758 -

Female

 ADHD patients 635 094 5 654 1.52 (1.45–1.58)

 Controls 635 094 3 747 -

Note: 95% CI= 95% confidence interval; OR= odds ratio; N= number; TBI= traumatic brain injury.
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Table 3.

Association between ADHD medication use and unintentional injuries stratified by sex

Person-months at risk N of events Population-level OR (95% CI) Within-individual OR (95% CI)

All unintentional injuries

Male

Medicated 17 081 159 35 616 0.85 (0.84–0.86) 0.71 (0.70–0.73)

Un-medicated 15 924 449 40 320 - -

Female

Medicated 7 428 410 12 042 0.87 (0.85–0.89) 0.71 (0.68–0.73)

Un-medicated 7 340 475 14 223 - -

Unintentional TBI

Male

 Medicated 17 082 554 3 897 0.85 (0.81–0.89) 0.63 (0.59–0.67)

 Un-medicated 15 923 054 4 507 - -

Female

 Medicated 7 428 888 1 298 0.91 (0.84–0.98) 0.67 (0.60–0.75)

 Un-medicated 7 339 997 1 529 - -

Note: 95% CI= 95% confidence interval; OR= odds ratio; N= number; TBI= traumatic brain injury.
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Table 4.

Association between ADHD medication use and unintentional injuries stratified by sex and age

N of individuals N of events Within-individual OR (95% CI)

All unintentional injuries

Male

Age 6–15 1 061 164 64 559 0.72 (0.70–0.74)

Age 16–19 271 884 11 377 0.64 (0.60–0.67)

Female

Age 6–15 451 573 20 862 0.72 (0.69–0.75)

Age 16–19 183 525 5 403 0.65 (0.60–0.71)

Unintentional TBI

Male

Age 6–15 1 061 164 7 182 0.64 (0.60–0.69)

Age 16–19 271 884 1 222 0.55 (0.47–0.66)

Female

Age 6–15 451 573 2 073 0.69 (0.61–0.79)

Age 16–19 183 525 754 0.62 (0.50–0.78)

Note: 95% CI= 95% confidence interval; OR= odds ratio; N= number; TBI= traumatic brain injury.
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Table 5.

Sensitivity analyses for the association between ADHD medication and unintentional injuries

N of individuals N of events Within-individual OR (95% CI)

All unintentional injuries

Male

Incident diagnosis cohort 309 719 17 168 0.77 (0.74–0.81)

Incident diagnosis cohort and first event only 309 719 14 656 0.59 (0.56–0.63)

Cohort excluding the last month before disenrollment 1 293 717 73 364 0.72 (0.70–0.73)

Full cohort with index year in 2005–2008 336 132 22 012 0.76 (0.74–0.79)

Full cohort with index year in 2009–2014 996 916 53 834 0.70 (0.69–0.72)

Full cohort with one-month-extended medication periods 1 333 048 75 936 0.71 (0.70–0.73)

Full cohort without short prescriptions 1 234 590 60 374 0.84 (0.82–0.86)

Full cohort with stimulant medication as exposure only 1 333 048 75 936 0.72 (0.70–0.73)

With no other psychotropic medication 886 343 42 803 0.67 (0.65–0.69)

With no psychotherapy 911 081 44 067 0.68 (0.66–0.70)

Full cohort with SSRIs as exposure 1 333 048 75 936 1.17 (1.12–1.23)

Female

Incident diagnosis cohort 162 727 6 562 0.79 (0.73–0.86)

Incident diagnosis cohort and first event only 162 727 5 680 0.59 (0.53–0.64)

Cohort excluding the last month before disenrollment 615 890 25 288 0.72 (0.69–0.75)

Full cohort with index year in 2005–2008 144 879 6 512 0.75 (0.70–0.81)

Full cohort with index year in 2009–2014 490 219 19 753 0.71 (0.68–0.74)

Full cohort with one-month-extended medication periods 635 098 26 265 0.71 (0.68–0.74)

Full cohort without short prescriptions 583 416 21 102 0.84 (0.81–0.87)

Full cohort with stimulant medication as exposure only 635 098 26 265 0.72 (0.69–0.74)

With no other psychotropic medication 383 010 12 444 0.68 (0.65–0.72)

With no psychotherapy 407 850 13 652 0.68 (0.65–0.72)

Full cohort with SSRIs as exposure 635 098 26 265 1.09 (1.02–1.16)

Unintentional TBI

Male

Incident diagnosis cohort 309 719 2 174 0.86 (0.75–0.98)

Incident diagnosis cohort and first event only 309 719 2 107 0.70 (0.61–0.81)

Cohort excluding the last month before disenrollment 1 290 747 8 042 0.63 (0.59–0.68)

Full cohort with index year in 2005–2008 336 132 1 477 0.58 (0.50–0.67)

Full cohort with index year in 2009–2014 996 916 6 927 0.65(0.61–0.70)

Full cohort with one-month-extended medication periods 1 333 048 8 404 0.61 (0.57–0.66)

Full cohort without short prescriptions 1 234 590 7 589 0.63 (0.59–0.67)

Full cohort with stimulant medication as exposure only 1 333 048 8 404 0.63 (0.59–0.67)

With no other psychotropic medication 886 343 4 746 0.61 (0.56–0.67)

With no psychotherapy 911 081 4 671 0.59 (0.54–0.64)

Full cohort with SSRIs as exposure 1 333 048 8 404 1.41 (1.23–1.61)
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N of individuals N of events Within-individual OR (95% CI)

Female

Incident diagnosis cohort 162 727 736 0.79 (0.63–1.00)

Incident diagnosis cohort and first event only 162 727 719 0.68 (0.52–0.87)

Cohort excluding the last month before disenrollment 613 806 2 701 0.67 (0.60–0.75)

Full cohort with index year in 2005–2008 144 879 459 0.61 (0.47–0.79)

Full cohort with index year in 2009–2014 490 219 2 368 0.70 (0.62–0.79)

Full cohort with one-month-extended medication periods 635 098 2 827 0.67 (0.60–0.75)

Full cohort without short prescriptions 583 416 2 516 0.67 (0.60–0.75)

Full cohort with stimulant medication as exposure only 635 098 2 827 0.70 (0.62–0.78)

With no other psychotropic medication 383 010 1 225 0.72 (0.60–0.85)

With no psychotherapy 407 850 1 337 0.71 (0.61–0.84)

Full cohort with SSRIs as exposure 635 098 2 827 1.29 (1.08–1.54)

Note: 95% CI= 95% confidence interval; OR= odds ratio; N= number; SSRIs= selective serotonin reuptake inhibitors; TBI= traumatic brain injury.
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