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Risk of Injury According to Attention Deficit 
Hyperactivity Disorder, Comorbid Mental Illness, and 
Medication Therapy

Attention deficit hyperactivity disorder is often 
accompanied by other mental health problems 
[10]. Mental illness associated with ADHD in 
adulthood includes psychosis, neurotic, and per-
sonality disorder [11]. In a study conducted in 
2005, employed workers with ADHD had higher 
levels of anxiety, bipolar disorder, depression, 
alcohol or drug abuse, antisocial disorder, and 
oppositional defiant disorder [12]. This same 
pattern is also found in children with ADHD. 
National Center for Health Statistics data indicate 
that children and adolescents with ADHD have a 
7.4 times greater risk of anxiety disorder, 8.0 
times greater risk of depression, 8.7 times greater 
risk of an autism spectrum disorder, and 10.7 
times greater risk for Tourette syndrome [13].
Treatment for ADHD may involve behavioral 
therapy, stimulant mediation (e. g., methylpheni-
date, dexmethylphenidate, and amphetamines), 
or non-stimulant medication (e. g., atomoxetine). 
Stimulant medication is the most common form 

Introduction
▼
Attention deficit hyperactivity disorder (ADHD) 
is a behavioral problem in which individuals dis-
play symptoms of inattentiveness, hyperactivity, 
and impulsivity. There are multiple possible eti-
ologies for the disorder, such as neuro-anatomic, 
neuro-chemical, central nervous system insults, 
environmental factors, and genetic origins [1, 2]. 
Both children and adults with ADHD have a 
greater risk of injury [3–9]. For example, in a 
large insurance database study involving indi-
viduals aged 0 through 64 enrolled during 1998–
2005, the rate of injuries was 1.6 times greater 
among those with ADHD compared with those 
without the disorder [6]. The increased rate of 
injuries among those with ADHD was greatest for 
those in the age group 0–4 years, followed by the 
age group 20–64 years. The study also showed 
that the severity and frequency of injuries was 
significantly positively associated with ADHD.
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Abstract
▼
Introduction:  We identify the risk of selected 
types of injuries among patients with ADHD or 
ADHD and comorbid mental illness. We also 
assess whether selected medications used by 
patients with ADHD increase the risk of comor-
bid mental illness or influence the association 
between ADHD and injury.
Methods:  A retrospective cohort study design 
was conducted using medical claims data from 
the Deseret Mutual Benefit Administrators 
(DMBA). ADHD diagnosis, injury, medication, 
and demographic data were extracted from 
claims files during 2001–2013. Rate ratios were 
adjusted for age, sex, and calendar year.
Results:  Patients with ADHD were 7.9 (95 % CI 
7.6–8.2) times more likely to have psychosis, 5.5 
(3.9–7.8) times more likely to have alcohol- or 
drug-induced psychosis, and 6.0 (5.9–6.2) times 

more likely to have neurotic or personality disor-
der. Therapy with amphetamine was positively 
associated with neurotic or personality disorder 
(rate ratio = 1.08, 1.02–1.15); methylphenidate 
was negatively associated with neurotic or per-
sonality disorder (0.90, 0.84–0.97); and atomox-
etine was positively associated with psychosis 
(1.33, 1.21–1.46), alcohol- or drug-induced psy-
chosis (2.38, 1.04–5.43), and neurotic or per-
sonality disorder (2.38, 1.04–5.43). ADHD was 
associated with an increased risk of injury, with 
ADHD and comorbid mental illness having a 
stronger increased risk of injury. Psychostimu-
lants ameliorated the increased risk of injury for 
patients with ADHD.
Conclusion:  Patients with ADHD have an 
increased risk of injury, significantly more so for 
those with ADHD and comorbid mental illness. 
Psychostimulants can lower the risk of injury 
among patients with ADHD.
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of treatment. Stimulant compared with non-stimulant medica-
tion may affect the association between ADHD and injury differ-
ently. In general, the effect of ADHD medication on the 
association between ADHD and injury is not well understood.
In this study we identify the risk of selected types of injury 
among patients with ADHD or ADHD and comorbid mental ill-
ness. We also assess whether selected medications used by 
patients with ADHD are associated with comorbid mental ill-
ness. Finally, we evaluate the association between ADHD and 
injury and between ADHD and comorbid mental illness and 
injury according to medication use.

Methods
▼
Study population
A retrospective cohort study was conducted with medical claims 
data from the Deseret Mutual Benefit Administrators (DMBA). 
DMBA is a health insurance company for employees of the 
Church of Jesus Christ of Latter-day Saints. The database includes 
information on employees, their spouses and dependent chil-
dren. Most enrollees were dependent children (43.6 %), followed 
by contract holders (32.9 %) and spouses (23.6 %). Since 1970, the 
DMBA has provided health insurance and retirement income to 
Church employees and their families. The current study was 
based on electronic claims data from 2001 through 2012, of 
which over 96 % were members of the Latter-day Saint Church. 
In 2001 the database had 78 220 enrollees. In 2013, this number 
increased to 91 607 (reflecting an increase of 17.1 %).
There is little enrollee turnover from year to year (~ < 5 % per 
year). Most of the turnover occurs among young adults who lose 
eligibility for coverage under their parents and individuals who 
become eligible for Medicare at age 65. However many of those 
receiving Medicare continue to be enrolled in the DMBA. 
Approximately 46 % of contract holders were employed by the 
Latter-day Saint Church education system; 21 % of contract hold-
ers were maintenance and custodial workers; and the remaining 
33 % of contract holders worked in other capacities for the 
Church. Approximately 70 % of enrollees resided in Utah, 11 % in 
Idaho, 4 % in other mountain states, 6 % in Pacific states, 4 % in 
central states, 3 % in southern states, and 2 % in northeastern 
states.
With regards to generalizing the results, there are no studies 
that have shown that Latter-day Saints, or religion in general, is 
protective against ADHD. There is also no evidence that Latter-
day Saints access health care differently than non-Latter-day 
Saints or are influenced differently by psychological disorders. 
However, Latter-day Saints have a health code that highly dis-
courages alcohol drinking, tobacco smoking, or use of illegal 
drugs, which may lower the risk of certain injuries [14, 15].
The database was de-identified according to Health Insurance 
Portability and Accountability Act (HIPAA) guidelines and was 
exempt from the need for informed consent by the Institutional 
Review Board (IRB), which is a research ethics review commit-
tee. The study was approved by the IRB at the University of Utah.

Data collection
We examined the automated claims records from January 1, 
2001 to December 31, 2013 and used the International Classifi-
cation of Diseases, 9th Revision, Clinical Modification (2006) 
codes to define injuries and ADHD [16]. DMBA has continued to 
use the 9th revision in order to retain consistency in its codes, 

from the late 1970s to the current time. Incidence rates of ADHD 
were based on cases divided by the number of unique members 
enrolled in DMBA per year. We refer to this number of enrollees 
as person-years. A total of 1 064 768 person-years are repre-
sented in the study. A person was considered to be a case if in a 
given year they had a claim for ADHD from a psychologist, pedi-
atrician, or psychiatrist and/or a prescription for methylpheni-
dates [Ritalin, Ritalin SR, Ritalin LA, Concerta, Methylin, Methylin 
ER, Metadate ER, Daytrana, Quillivant XR Metadate CD], meth-
amphetamine hydrochlorides [Desoxyn], dexmethylphenidates 
[Focalin], amphetamine and dextroamphetamine [brand name: 
Adderall, Adderall XR], dextroamphetamines [Dexedrine, Dex-
trostat], and lisdexamfetamines [Vyvanse], non-stimulant medi-
cations, such as atomoxetine [Strattera]. A person with multiple 
claims for ADHD in a given year was only counted once. Because 
of considerable overlap between sub-codes and lack of uniform-
ity by providers in applying the sub-codes, all patients seen in a 
given year with an ICD-9 code of 314 regardless of sub-codes 
(e. g., 314.00, 314.01, and 314.20) were designated as having 
ADHD. Data on age, sex, year, injury claims, and pharmaceutical 
information were also used in this study.
Claims with diagnoses codes 800–959 were used to define inju-
ries. Selected injury types and their corresponding codes are 
presented in  ●▶  Table 1. Minor injuries not requiring medical 
attention would not involve a claim and, therefore, are not 
reflected in the study. If an injury occurred in the same year as a 
diagnosis with ADHD, we assumed that ADHD influenced the 
incidence of that injury. Multiple injuries were possible and 
included in the analyses.

ADHD medication
Drugs used to treat ADHD (stimulants and non-stimulants) aim 
to improve attention, concentration, and productivity, and sup-
press impulsive behavior. Stimulant drugs are much more com-
mon than non-stimulants drugs for treating ADHD. These drugs, 
effective in about 70–80 % of cases [17], include methylpheni-
dates [Ritalin, Ritalin SR, Ritalin LA, Concerta, Methylin, Methy-
lin ER, Metadate ER, Daytrana, Quillivant XR Metadate CD], 
methamphetamine hydrochlorides [Desoxyn], dexmethylpheni-
dates [Focalin], amphetamine and dextroamphetamine [brand 
name: Adderall, Adderall XR], dextroamphetamines [Dexedrine, 
Dextrostat], and lisdexamfetamines [Vyvanse]. Non-stimulant 
medications, such as atomoxetine [Strattera], were first approved 
by the Food and Drug Administration in 2003, have fewer side-
effects than stimulants and work for up to 24 h [17], although 
they are not always as effective as stimulants.

Mental health variables
Two classifications of psychotic conditions were made. The first 
psychosis variable combined alcohol- (diagnosis codes 291) and 
drug- (292) induced psychosis. The second psychosis variable 
combined schizophrenic disorders (295), episodic mood disor-
ders (296), paranoid states (297), other nonorganic psychoses 
(298), and psychoses with origin specific to childhood (299). A 
third mental health variable combined neurotic (300) and per-
sonality (301) disorders.

Statistical techniques
Counts, proportions, rates, and rate ratios were used to describe 
the results. Rates were calculated per 1 000 person-years. Inci-
dence rates and rate ratios were compared across the levels of 
age, sex, and calendar year using 95 % confidence intervals. Non-
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overlapping confidence intervals among rates indicated signifi-
cant differences in the rates; estimated annual percent change in 
incidence rates indicated significance if the confidence interval 
did not overlap 0; and rate ratios indicated significant associa-
tion between variables if the confidence interval did not overlap 
1. Estimated annual percent change (EAPC) was estimated by 
regressing the natural log of the rate on calendar year. Then the 
estimated slope (b) was transformed as 100 × (eb − 1). Two-sided 
tests of significance were used, based on the 0.05 level. Statisti-
cal analyses were derived from Statistical Analysis System (SAS) 
software, version 9.4 (SAS Institute Inc., Cary, NC, USA, 2012).

Results
▼
Mean age increased from 34.7 (SD = 23.3) in 2001 to 36.2 
(SD = 24.4) in 2013. The percentage of males and females 
remained constant (49 % males and 51 % females). The incidence 
rate of ADHD significantly increased from 2001 through 2013 
( ●▶  Table 2), with an EAPC of 4.0 (p < 0.0001). In 2013, the inci-
dence rate of ADHD was greatest in the age range 10–17, fol-
lowed by 18–24, and then 25–34. The incidence rate of ADHD 
was almost twice as high for males as females. Overall there 
were 18 618 patients with ADHD.
Among patients with ADHD, medication use varied across the 
study period ( ●▶  Fig. 1). For example, in 2001, methylphenidates 
were the most common medication, prescribed for 55.4 % of 
patients, and amphetamine was prescribed 4.2 % of the time. In 
contrast, in 2013 methylphenidates were prescribed 8.5 % of the 
time compared with amphetamine prescribed 36.0 % of the time. 
Use of amphetamine increased (EAPC = 10.0, p < 0.0001), methyl-
phenidate use decreased (EAPC =  − 12.1, p < 0.0001), other psy-
chostimulants increased (EAPC = 9.9, p = 0.0012), and 
atomoxetine decreased (EAPC =  − 13.7, p < 0.0001). Ampheta-
mine use among patients with ADHD was greatest in the age 
groups 18–24, 25–34, and 35–44, whereas methylphenidates 
was greatest in the age groups 0–9, 10–17, and 45 + . There was 
little difference in medication use between males and females.
In comparison to the 17.5 per 1 000 patients with ADHD during 
2001–2013, the rate (per 1 000) of psychosis was 31.4, of alco-
hol- or drug-induced psychosis was 0.4, and neurotic or person-
ality disorder was 40.2. Of those individuals with ADHD, 20.7 % 
had a medical claim for psychoses, 0.2 % had a medical claim for 
alcohol- or drug-induced psychosis, and 21.0 % had a medical 
claim for neurotic or personality disorder. Individuals with 
ADHD compared with those without the disorder were 7.9 (95 % 
CI 7.6–8.2) times more likely to have psychosis, 5.5 (3.9–7.8) 
times more likely to have alcohol- or drug-induced psychosis, 
and 6.0 (5.9–6.2) times more likely to have neurotic or personal-
ity disorder, after adjusting for age, sex, and calendar year.
Among those with ADHD, use of amphetamine was not signifi-
cantly associated with psychosis, or with alcohol- or drug-
induced psychosis. However, it was positively associated with an 
increased risk of neurotic or personality disorder (rate ratio 
adjusted for age, sex, and calendar year = 1.08, 1.02–1.15). Meth-
ylphenidates were also not significantly associated with psycho-
sis or alcohol- or drug-induced psychosis, but were associated 
with decreased risk of neurotic or personality disorder (0.90, 
0.84–0.97). Atomoxetine was significantly positively associated 
with psychosis (1.33, 1.21–1.46), alcohol- or drug-induced psy-
chosis (2.38, 1.04–5.43), and neurotic or personality disorder 
(2.38, 1.04–5.43).

An increased risk of injury for individuals with ADHD only com-
pared with no psychosis, alcohol- or drug-induced psychosis, or 
neurotic or personality disorder is seen across the selected types 
of injury, with the exception of burns ( ●▶  Table 1). ADHD in com-
bination with psychosis compared with just ADHD has a greater 
risk for each type of injury, with the exception of injuries to 
nerves and spinal cord, where there is no significant difference 
in risk. Small numbers made it difficult to assess the association 
between the combination of ADHD and alcohol- or drug-induced 
psychosis and selected types of injury. However, there is some 
evidence of increased risk for selected types of injury. ADHD and 
neurotic or personality disorder compared with just ADHD has a 
greater risk for each type of injury, with the exception of internal 
injury of the thorax, abdomen, pelvis, and injuries to nerves and 
spinal cord, where there is no significant difference in risk.
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Fig. 1  Attention deficit hyperactivity disorder medication according to 
calendar year, age, and sex. (Color figure available online only).

Table 2  Incidence Rate of Attention Deficit Hyperactivity Disorder (ADHD) 
According to Age, Sex, and Calendar Year.

Person- Years No. Rate/1 000 95 % LCL 95 % UCL

Year
  2001 78 220 1 012 12.9 1.2 1.4
  2002 78 964 1 103 14.0 1.3 1.5
  2003 79 662 1 236 15.5 1.5 1.6
  2004 80 023 1 291 16.1 1.5 1.7
  2005 78 254 1 308 16.7 1.6 1.8
  2006 77 263 1 243 16.1 1.5 1.7
  2007 80 112 1 299 16.2 1.5 1.7
  2008 81 678 1 362 16.7 1.6 1.8
  2009 82 067 1 482 18.1 1.7 1.9
  2010 82 299 1 539 18.7 1.8 2.0
  2011 86 407 1 766 20.4 1.9 2.1
  2012 88 212 1 912 21.7 2.1 2.3
  2013 91 607 2 065 22.5 2.2 2.4
Age (yrs), 2013
  0–9 13 639 187 13.7 1.2 1.6
  10–17 13 082 619 47.3 4.4 5.1
  18–24 12 328 492 39.9 3.6 4.3
  25–34 9 164 238 26.0 2.3 2.9
  35–44 8 501 148 17.4 1.5 2.0
  45 +  34 893 381 10.9 1.0 1.2
Sex, 2013
  Female 46 814 725 15.5 1.4 1.7
  Male 44 793 1 340 29.9 2.8 3.1
LCL: Lower Confidence Limit; UCL: Upper Confidence Limit
Source: Deseret Mutual Benefit Administration
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ADHD only (n = 12 397), ADHD and psychosis (n = 2 295), ADHD 
and alcohol- or drug-induced psychosis (n = 12), and ADHD and 
neurotic or personality disorder (n = 2 351) are associated with 
an increased risk of injury in general, after adjusting for age, sex, 
and calendar year ( ●▶  Table 3). ADHD only does not significantly 
increase the risk of injury after also adjusting for amphetamine 
and methylphenidates. The combinations of ADHD and psycho-
sis, ADHD and alcohol- or drug-induced psychosis, and ADHD 
and neurotic or personality disorder each significantly increase 
the risk of injury, even after adjusting for age, sex, calendar year, 
and ADHD medication. The combination of ADHD and alcohol- or 
drug-induced psychosis has the strongest association with injury.

Discussion
▼
Studies have shown that both children and adults with ADHD 
have a greater risk of experiencing an injury [6, 18, 19]. The cur-
rent study showed that the risk of injury is further increased 
when ADHD is accompanied by other comorbid mental illness. 
The use of psychostimulants ameliorated the association 
between ADHD and injury. Psychostimulants also contributed to 
lowering the association between ADHD and comorbid mental 
illness and injury, but they did not completely remove the 
increased risk of injury for these patients. The non-psychostim-
ulant atomoxetine did not have a beneficial effect on lowering 
the association between ADHD and injury or ADHD and comor-
bid mental illness and injury.
The influence of medication therapy on ADHD or ADHD and 
comorbid mental illness and injury is complex. For example, 
ADHD combined with neurotic or personality disorder increased 
the risk of injury. Patients with ADHD and neurotic or personal-
ity disorder were less likely to experience an injury if they took 
amphetamine or methylphenidates. However, use of ampheta-

mine or methylphenidates increased the risk of neurotic or per-
sonality disorder, which, in turn, was associated with an 
increased risk of injury. Nevertheless, the net effect of these 
medications in lowering the risk of injury among patients out-
weighs the increased risk they have on neurotic or personality 
disorder. In addition, atomoxetine was positively associated 
with psychosis, alcohol- or drug-induced psychosis, and neu-
rotic or personality disorder, which were each associated with 
increased risk of injury. The net effect of this medication on the 
association between ADHD and alcohol- or drug-induced psy-
chosis and injury was minimal.
This study assessed incidence rates and trends of ADHD rather 
than prevalence proportions. Studies assessing patterns in 
ADHD generally consider prevalence estimates and not inci-
dence [20–22]. An advantage of using incidence rates (current 
ADHD cases) over prevalence proportions (previous and current 
ADHD cases) is that an association between incidence and injury 
is more direct. One older study that did use incidence rates of 
ADHD, based on DMBA data, covered the years 1998–2005 [6]. 
However, although that study did not find a significant increase 
in the incidence of ADHD for males or females, the current study, 
which goes 8 years beyond that study, did find a significant 
increase in ADHD, for both sexes, albeit more so for females.
Use of Adderall increased and use of Ritalin decreased over the 
study period. In 2006, 4.7 million persons aged 12 or older 
reported nonmedical use of Adderall, compared with 8.2 million 
in 2011 [23]. A concern is that some of this increase comes from 
greater use of Adderall for reasons other than medical need. One 
study found that 22 % of adults who claimed to have ADHD exag-
gerated their symptoms [24]. They may have exaggerated their 
symptoms because they wanted a mental edge at work or school 
or because they really thought they had ADHD and wanted 
treatment. Unfortunately, nonmedical prescription stimulant 
users are more likely to take the medication in conjunction with 
alcohol, cigarettes, marijuana, ecstasy, cocaine, and participate 
in other high-risk behaviors [25]. The high level of comorbid 
mental illness observed in the current study is consistent with 
other studies [12, 13]. Hence, there is a potential for drug inter-
actions, which may help explain why medication did not signifi-
cantly lower the risk of injury among patients with ADHD and 
comorbid mental illness. Although several studies have investi-
gated the safety of ADHD stimulant drug use when combined 
with other medications and behaviors [26–31], more research is 
needed, especially in light of several case studies indicating an 
increased risk of psychosis and suicidal thoughts in users of 
Adderall and other stimulants [32–34].
The increased risk of selected types of injury among patients 
with ADHD is consistent with the previous DMBA study [6]. The 
current study further showed that individuals with ADHD and 
comorbid mental illness compared with ADHD only are at sig-
nificantly greater risk of the selected injuries, with a few excep-
tions. This result is consistent with a recent large study based on 
the Dutch PHARMO record linkage system where use of ADHD 
and concomitant psychotropics significantly increased the risk 
of injuries compared with ADHD drug use only [35].
A limitation of this study is that claims associated with ADHD 
involved psychologists, pediatricians, and psychiatrists, not all of 
whom may have had the qualifications to diagnose ADHD or 
have conducted comprehensive cognitive assessment sufficient 
to rule out other diagnoses. There was sharp focus in major inju-
ries that required a doctor’s visit or hospitalization. The data did 
not include minor injuries. This information would have been 

Table 3  Risk of Injury According to ADHD and Combinations of ADHD and 
Selected Mental Health Conditions.

ADHD only Rate Ratio 95 % LCL  95 % UCL 

  Adjusted for age, sex, and year 1.20 1.16 1.25
   +  Amphetamine (Adderall) 1.10 1.06 1.14
   +  Methylphenidates (Ritalin) 1.03 0.99 1.07
   +  Other psycho-stimulants 1.00 0.96 1.04
   +  Atomoxetine (Strattera) 0.99 0.95 1.03
ADHD and Psychosis
  Adjusted for age, sex, and year 1.48 1.38 1.59
   +  Amphetamine (Adderall) 1.34 1.25 1.45
   +  Methylphenidates (Ritalin) 1.25 1.16 1.35
   +  Other psycho-stimulants 1.23 1.14 1.32
   +  Atomoxetine (Strattera) 1.22 1.13 1.32
ADHD and Alcohol or Drug Induced Psychosis
  Adjusted for age, sex, and year 3.85 2.39 6.20
   +  Amphetamine (Adderall) 3.38 2.12 5.38
   +  Methylphenidates (Ritalin) 3.21 2.03 5.07
   +  Other psycho-stimulants 3.16 1.99 5.02
   +  Atomoxetine (Strattera) 3.58 2.12 6.06
ADHD and Neurotic or Personality Disorder
  Adjusted for age, sex, and year 1.38 1.28 1.49
   +  Amphetamine (Adderall) 1.24 1.14 1.33
   +  Methylphenidates (Ritalin) 1.17 1.08 1.26
   +  Other psycho-stimulants 1.14 1.05 1.23
   +  Atomoxetine (Strattera) 1.14 1.05 1.23
LCL: Lower Confidence Limit; UCL: Upper Confidence Limit
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hard to obtain and had the possibility of bias. In addition, 
although we were able to control for the potential confounding 
effects of age, sex, and year, we did not have data to allow us to 
control for socioeconomic status, race, alcohol drinking, smok-
ing, or whether they used additional methods to cope with 
ADHD like behavior therapy. There was also a lack of informa-
tion on the severity of the injuries and whether the rate ratios 
for ADHD differed by severity of injury.

Conclusions
▼
Attention deficit hyperactivity disorder is positively associated 
with an increased risk of several selected injuries. The greater 
risk of injury is significantly more pronounced for most of these 
injuries when comorbid mental health disorders also exist, 
especially the combination of ADHD and alcohol and drug 
induced psychosis. The positive association between ADHD only 
and injury was sufficiently controlled for by psychostimulants. 
The positive association between ADHD and comorbid mental 
illness and injury was improved, but not completely controlled 
for by psychostimulants. The non-psychostimulant atomoxetine 
did not show any benefit in reducing the risk of injury among 
ADHD patients.
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