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The aim of the present study was to examine the effects of attention–deficit/hyperactivity disorder (ADHD) –related psychostimulant
use in the context of concussion risk and symptom recovery. Data were obtained from the National Collegiate Athletic Association
Department of Defense Grand Alliance Concussion Assessment, Research, and Education (NCAA-DOD CARE) Consortium from
2014 to 2017. Relative to individuals without diagnosed ADHD (i.e., control), both ADHD diagnosis and the combination of ADHD
diagnosis and psychostimulant use were associated with a greater risk of incurring a concussive injury. Following a concussive injury,
ADHD diagnosis was associated with longer symptom recovery time relative to the control group. However, individuals with ADHD
who use psychostimulants did not take longer to resolve symptoms than controls, suggesting that psychostimulantsmay have a positive
influence on recovery. Regardless of time point, ADHD diagnosis was associated with an elevated number of concussion-related
symptoms; however, this effect appears mitigated by having used ADHD-related psychostimulants.

Keywords: SCAT symptoms, ADHD medication, sport-related injury, asymptomatic, return to play

Concussion is a crucial public health care concern in the United
States as an estimated one in three people incur concussion during
their lifetime (Daugherty et al., 2020), with the approximate incidence
of concussion occurring in 700 of 100,000 persons per year (Lefevre-
Dognin et al., 2021). The heterogeneous nature of these injuriesmakes
them particularly difficult to manage, and as such, identifying risk
factors that contribute to abnormal recovery is of paramount impor-
tance. Accordingly, over the last decade increasing efforts have been
dedicated to identifying risk factors, at-risk populations, and potential
modifiers that may influence injury recovery (Dougan et al., 2014;
Harmon et al., 2019; Patricios et al., 2023). Athletes and military
service academy cadets have been recognized as such at-risk popula-
tions as these individuals have a greater likelihood of sustaining a
concussion and underreporting symptoms, which may prolong recov-
ery and contribute to more serious injury (Bookbinder et al., 2020;
Lininger et al., 2017; Sosin et al., 1996); however, it is important to
acknowledge that these populations potentially reflect substantially
different mechanisms of injury. Recent literature has acknowledged
preinjury moderating factors including age (Dougan et al., 2014),
biological sex (Merritt et al., 2019), prior concussion (Cook et al.,
2022; Guskiewicz et al., 2003), and mental health (Yue et al., 2019)
may further contribute to concussion risk and complicate recovery.
Additionally, neurodevelopmental disorders, such as attention-deficit/
hyperactivity disorder (ADHD), have been consistently identified

within the literature as relevant factors for understanding both con-
cussion risk and managing recovery (Guerriero et al., 2018; Iverson
et al., 2017; Nelson et al., 2016). However, it is unclear the extent to
which psychostimulant use may moderate such relationships.

ADHD is a neurodevelopmental disorder characterized by a
persistent pattern of inattention, hyperactivity, and impulsivity
which may increase the risk of injury (American Psychiatric
Association, 2013). A growing body of research suggests that
individuals with ADHD are more likely to sustain motor vehicle
and bicycling accidents, falls, fractures, and head trauma compared
to the general population (Chang et al., 2014; Ilie et al., 2015;
Kieling et al., 2011; Philip et al., 2015). Furthermore, youth with
ADHD exhibit a higher lifetime incidence of concussion andADHD
has shown to be an antecedent risk factor for concussion during
adolescence (Biederman et al., 2015; Iaccarino et al., 2018; Iverson
et al., 2014, 2020). While commonly recognized as a pediatric
disorder, 65%–85% of children diagnosed with ADHD will meet
diagnostic criteria into adulthood (Biederman et al., 2006; Mcgee
et al., 1991; Penttilä et al., 2011). Further, the prevalence of ADHD
is estimated to be as high as 10% in the collegiate athlete population
(Alosco et al., 2014; Poysophon & Rao, 2018). Thus, while much of
the ADHD literature has focused on outcomes in children, an
increased risk of concussion may extend into adulthood for those
with ADHD. Indeed, several studies have demonstrated that ADHD
is overrepresented in concussed collegiate athletes, and these ath-
letes may have a greater risk of sustaining concussion, regardless of
prior injury (Alosco et al., 2014; Nelson et al., 2016).

An additional cause for concern is that ADHD may influence
clinical outcomes following concussion. Individuals with ADHD
have been shown to report greater concussion-related symptom
severity and longer time to return to activity relative to their
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non-ADHD counterparts (Ali et al., 2021; Biederman et al., 2015;
Houck et al., 2019; Iaccarino et al., 2018; Martin et al., 2022; Orban
et al., 2021; Pullen et al., 2022); however, a recent systematic review
observed no clear association between ADHD and clinical outcomes
(Cook et al., 2020). One explanation for such findings is that ADHD
may serve as a mediator between a greater lifetime history of
concussion and poor clinical outcomes. Hence, ADHD has been
shown to be a risk factor for sustaining multiple concussions, and a
history of multiple concussions has been associated with an increase
in concussion symptomatology (Cook et al., 2022; Guskiewicz
et al., 2003; Nelson et al., 2016). Furthermore, clinicians may have
difficulty distinguishing postconcussion deficits from a patient’s
baseline ADHD symptoms (Cook et al., 2020;Mautner et al., 2015).
Yet much of the extant literature has overlooked the importance and
wide use of psychostimulants in those with ADHD.

Over 50% of individuals with ADHD are prescribed a
psychostimulant, usually in the form of, but not limited to,
methylphenidate or an amphetamine salt (Wilens et al., 2004).
Psychostimulants are an effective treatment for ADHD to
improve executive functions (i.e., working memory, inhibition,
and attentional focus; Faraone & Glatt, 2009; O’Driscoll et al.,
2005; Tamminga et al., 2016). The improvements in attention,
impulsivity, and risk-taking behaviors may explain why a
reduced risk (hazard ratios = 0.49–0.93) of traumatic brain
injuries (TBI) has been observed in youth with ADHD who
use psychostimulants relative to those who do not, as they may
be less likely to put themselves in potentially injurious situa-
tions (Ali et al., 2021; Liao et al., 2018; Liou et al., 2018;
Mikolajczyk et al., 2015). Even so, contradicting evidence is
present in the literature as adolescents with ADHD who were
currently using psychostimulants exhibit greater odds of report-
ing a lifetime history of concussion (odds ratio [OR] = 1.67)
than those who do not take ADHD-related medication (Iverson
et al., 2020). The effects of psychostimulants are also reflected
in baseline concussion assessments, whereby individuals with
ADHD who use psychostimulants exhibit fewer baseline symp-
toms and greater neurocognitive performance compared to
nonmedicated individuals with ADHD (Gardner et al., 2017;
Littleton et al., 2015).

Yet, the effect of psychostimulant use on postconcussion
symptoms or recovery time in those with ADHD is still inconclu-
sive. Limited research has indicated ADHD medication status may
not contribute to any change in time to return to school or return to
sport for adolescents following concussion (Cook et al., 2021).
However, it is important to note that such effects may be masked by
policies and guidelines which require minimum return to play
(RTP) periods for adolescent populations. Further, despite hypoth-
eses suggesting that psychostimulants may alleviate concussion-
induced symptoms, accelerate recovery, or reduce concussion risk
(Coris et al., 2022; Iaccarino et al., 2020), the effects in those with
ADHD, especially during adulthood, have not been thoroughly
explored. Accordingly, the present investigation aimed to fill the
current knowledge gap by evaluating if psychostimulant use in a
large sample (n = 47,860) of collegiate athletes and military service
academy cadets with ADHD may be associated with concussion
risk and postconcussion symptomatology.

Methods

Participants

Data were obtained from the National Collegiate Athletic Association
Department of Defense Grand Alliance (NCAA-DOD) Concussion
Assessment, Research, and Education (CARE) Consortium from
2014 to 2017. The CARE Consortium database provided information
for a total of 47,860 unique participants. Following the removal of
individuals with a history of moderate-to-severe TBI, brain surgery,
seizure disorders, non-ADHD-related psychostimulant use, or repeat-
ing a year of K–12 school, a sample of 45,375 participants remained.
Individuals with ADHD were identified based upon self-reported
ADHD diagnosis on the baseline clinical assessment. ADHD-related
psychostimulant use was determined using the list of medications
participants reported using. A string-matching approach identified
psychostimulants commonly used for ADHD treatment using terms
reflecting generic and brand name drugs and their common mis-
spellings within the CARE Consortium database (Table 1). Partici-
pants were defined as “Controls” if they did not indicate ADHD
diagnosis. Control participants with an Individualized Education

Table 1 Psychostimulant Identification

Psychostimulant Common misspellings

Adderall Add Addarell Addderall Adderal Adderax

Adderll Adderol Adderral Adderrall Addheral

Aderrall Adderhal Addrell

Concerta Concena Concertia Concertu Conserda Conserta

Focalin Focalan Focilin

Methylphenidate Methalphenodate Methalphymadate Methlephenadate Methlydate Methlyphenidate

Methylphenadate Methylphenedate Methylpenidate Methylpheridate Methylpzenidate

Methyphenidate

Ritalin Riddilin Riddled Ridelin Ritilan Rittalin

Vyvanse Vivance Vyance Vyanese Vyanse Vynase

Vyranse Vyvance Vyvanes Vyvanese Vyvannse

Vyvonse Vyvvance

Other ADHD ADHD medicine ADHD meds Amphetamine

Note. The string-matching approach searched for psychostimulants commonly used for ADHD treatment using terms reflecting both generic and brand-name drugs and
their common misspellings in the list of medications participants reported. The search process and results were manually validated and refined by C. Coffman and M.
Pontifex to ensure that all psychostimulants commonly used for ADHD treatment present in the data set were identified. ADHD = attention-deficit/hyperactivity disorder.
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Program (IEP) or a 504 plan were excluded from analyses to reduce
the potential for individuals with cognitive/attentional symptomatol-
ogies consistent with/similar to ADHD to be included within the
control group. Control participants were also excluded from analysis
if they reported using any psychostimulants. Accordingly, prelimi-
nary analyses examining prospective concussion risk were completed
on a sample of 44,308 participants (athletes: 43,426; cadets: 882);
with 1,385 participants (3.1%) reporting having a diagnosis of ADHD
with no ADHD-related psychostimulants’ use, 947 participants
(2.1%) reporting having a diagnosis of ADHD and having used
ADHD-related psychostimulants, and 41,979 participants (94.7%)
were classified as controls.

Primary analysis examining the impact of ADHD diagnosis and
psychostimulant use on concussion recovery focused on only the
remaining 4,387 participants (9.9%) who prospectively incurred a
concussive injury during the study period. Concussion during study
enrollment was identified and verified by medical personnel using
evidence-based DOD criteria (Broglio et al., 2017). Following
removal of participants missing >66% of data for the variables of
interest and any participants who required >150 days to be
determined asymptomatic (interquartile range > 5), analyses
were conducted using data from 138 participants reporting a
diagnosis of ADHD with no ADHD-related psychostimulants’
use and 109 participants reporting a diagnosis of ADHD who
used ADHD-related psychostimulants. Participants with ADHD
who sustained a concussion during the study period were then
matched in a 1:2 ratio to controls based upon sex and age; further,
when possible, NCAA contact category (e.g., contact, limited
contact, noncontact, and non-NCAA), NCAA division, sport,
and/or if the injury occurred during the competitive season were
also included as matching criteria. This process reduced the
number of control athletes in the sample from 3,551 to 494.
Demographic data are provided in Table 2. Written informed
consent was obtained from each participant following site-
specific and the Human Research Protection Office guidelines
and regulations regarding the use of human subjects.

Procedure

TheNCAA-DODCAREConsortiumwas amulticenter, prospective
study which enrolls collegiate athletes from NCAA Division I–III

civilian schools and service academy cadets for preseason baseline
and postconcussion testing. All participants completed a standard-
ized battery including a comprehensive demographic and premorbid
health history, postconcussion symptom surveys, and neuropsycho-
logical measures. For this investigation, postconcussion assessments
used data from the following time points: 24–48 hr postinjury, time
when the participant was determined to be asymptomatic, and time
when the participant was classified into unrestricted RTP. Detailed
NCAA-DOD CARE Consortium methodology has been described
elsewhere (Broglio et al., 2017). Only data associated with the first
concussion incurred by each participant were used for the purposes
of this investigation.

Primary clinical recovery outcomes were defined as days to
asymptomatic and full RTP. Concussion symptomatology was as-
sessed using the Sport Concussion Assessment Tool (SCAT), third
edition symptom inventory (McCrory et al., 2013). The SCAT
symptom inventory is a subjective assessment of symptom severity
on a 7-point Likert scale ranging from 0 (none) to 6 (severe) across
22 items. The total number of symptoms endorsed was calculated by
summing all symptoms with a severity greater than 0 (maximum score
of 22). The severity of symptoms endorsedwas calculated by summing
the severity for each of the 22 symptoms (maximum score of 132).

Statistical Analysis

All data analyses were performed in R (version 4.1; R Core Team,
2019) utilizing a familywise alpha level of p = .05. Preliminary
analyses were conducted to examine the extent to which ADHD
diagnosis and psychostimulant use might alter the risk of incurring
a concussive injury. Test statistics and ORs were computed using
Pearson’s chi-squared test, conditional maximum likelihood esti-
mation, and the false discovery rate control approach for post hoc
comparison corrections using the gmodels (Warnes et al., 2018),
epitools (Aragon, 2020), and Rmimic (Pontifex, 2020) packages in
R. Given a sample size of 44,308 participants and beta of 0.20
(i.e., 80% power), the present research design theoretically had
sufficient sensitivity to detect effect sizes exceeding w = 0.015
(effects are considered small if w = 0.1) as computed using
G*Power (version 3.1.2; Faul et al., 2007).

Primary analysis examining the impact of ADHD diagnosis
and psychostimulant use on concussion recovery utilized a

Table 2 Participant Demographics and Characteristics (M ± SD)

Measure ADHD ADHD+ psychostimulant Control

N 138 (40 female) 109 (49 female) 494 (179 female)

Age (years) 20.2 ± 1.3 20.4 ± 1.4 20.3 ± 1.3

Prior concussions 0.9 ± 1.0 0.9 ± 1.0 0.9 ± 0.9

NCAA category

Contact 87 (63%) 79 (72.5%) 332 (67.2%)

Limited contact 13 (9.4%) 21 (19.3%) 68 (13.8%)

Noncontact 10 (7.2%) 7 (6.4%) 34 (6.9%)

Non-NCAA 28 (20.3%) 2 (1.8%) 60 (12.1%)

Division I 87% 87.2% 87.4%

Days to asymptomatic 11.9 ± 15.3 8.1 ± 7.0 9.6 ± 9.3

Days to return to play 17.8 ± 15.7 15.3 ± 10.3 18.8 ± 18.6

SCAT symptoms endorsed 24–48 hr postinjury 12.3 ± 5.8 12.1 ± 5.8 11.5 ± 5.6

SCAT symptom severity 24–48 hr postinjury 31.2 ± 23.3 29.4 ± 22.6 28.3 ± 21.4

Note. ADHD = attention-deficit/hyperactivity disorder; NCAA =National Collegiate Athletic Association; SCAT = Sport Concussion Assessment Tool.
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two-part approach. First, analyses were conducted independently
for the time to symptom resolution and time to unrestricted RTP
using a three (Group: ADHD, ADHD + Psychostimulant, Control)
univariate multilevel model including the random intercept for Site
and Sex. Analyses were conducted using the lme4 (Bates et al.,
2015), lmerTest (Kuznetsova et al., 2017), emmeans (Lenth et al.,
2017), and Rmimic (Pontifex, 2020) packages. Second, analyses
were conducted examining differences in the total number of
symptoms endorsed and the severity of symptoms endorsed on
the SCAT over time using a three (Group: ADHD, ADHD +
Psychostimulant, Control) × 4 (Time: baseline, 24–48 hr postin-
jury, asymptomatic, RTP) univariate multilevel model including
the random intercept for Site and Sex. For each inferential finding,
the false discovery rate control approach was used for post hoc
comparison correction, and Cohen’s f2 and d with 95% confidence
intervals (CIs) were computed as standardized measures of effect
size, using appropriate variance corrections for between-subject
(ds) and within-subject (drm) comparisons (Lakens, 2013). Given
a sample size of 741 participants (138 ADHD, 109 ADHD +

psychostimulant, 494 control) and beta of 0.20 (i.e., 80% power),
the present research design theoretically had sufficient sensitivity to
detect conventional t test differences exceeding d = 0.36 (with a
two-sided alpha; effects are considered small if d = 0.2) as com-
puted using G*Power (version 3.1.2; Faul et al., 2007).

Results

Risk of Concussion

Chi-square analyses revealed that Group was related to the likeli-
hood of obtaining a concussive injury, χ2 (2, 44,308) =
21.6, p < .001. ADHD diagnosis was associated with an increased
likelihood of incurring a concussive injury during the study period,
relative to the Control group, OR = 1.21, 95% CI [1.02, 1.43],
p = .027 (see Figure 1A), Relative Risk = 1.20, 95% CI [1.02,
1.41], p = .027. Similarly, the combination of ADHD diagnosis
and psychostimulant use was associated with an increased likeli-
hood of incurring a concussive injury, relative to the Control group,

A

D E

B C

Figure 1 — Illustration showing differences (±1 SE) between individuals with a self-reported diagnosis of ADHD and the combination of ADHD and
psychostimulant use relative to control participants. Panel A highlights the progressively greater risk of incurring a concussive injury for individuals with
ADHD and the combination of ADHD diagnosis and psychostimulant use relative to control participants. Panel B highlights that while ADHD diagnosis
is associated with a prolonged time to asymptomatic period, individuals with the combination of ADHD diagnosis and psychostimulant use have a shorter
asymptomatic period that was not different from that of control participants. Panel C highlights that all three groups exhibited similar time until being
returned to unrestricted activity. Panels D and E highlight the symptomatologic trajectory for each group over time. Note that for Panels D and E, a small
offset was placed along the x-axis for Baseline and 24–48-hr-postconcussion measures to facilitate visual clarity. The asymptomatic and RTP time points
were offset along the x-axis based on the mean number of days for each period for each group given differences illustrated in Panels B and C. RTP = return
to play; ADHD = attention-deficit/hyperactivity disorder.
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OR = 1.48, 95% CI [1.23, 1.79], p < .001 (see Figure 1A), Relative
Risk = 1.47, 95% CI [1.23, 1.76], p < .001. Post hoc exploratory
analysis revealed that the combination of ADHD diagnosis and
psychostimulant use made no difference, relative to the ADHD
diagnosis group, in the expected frequency of incurring a concus-
sive injury, OR = 1.23, 95% CI [0.96, 1.57], p = .1, Relative Risk =
1.13, 95% CI [0.98, 1.29], p = .1.

Concussion Recovery

Days to Symptom Resolution

Analysis of the number of days to symptom resolution revealed amain
effect of Group, F(2, 732.9) = 4.3, p = .014, f2 = 1.63, 95% CI [1.36,
1.96]. Post hoc comparisons observed that having a diagnosis of
ADHD was associated with a prolonged period until symptom
resolution (11.9 ± 15.3 days) relative to Control participants (9.6 ± 9.3
days), t(732) = 2.8, p = .005, ds = 0.27, 95%CI [0.08, 0.46]. However,
individuals with a diagnosis of ADHD having used ADHD-related
psychostimulants do not appear to show any difference in the days
until symptom resolution (8.1 ± 7.0 days) relative to Control partici-
pants; t(732) = 0.3, p = .8, ds = 0.03, 95% CI [−0.18, 0.24].

Days Until Being Cleared for Unrestricted RTP

Analysis of the number of days until being cleared for unrestricted
RTP revealed no differences as a function of Group, F(2,
659.9) = 0.7, p = .49, f2 = 0.84, 95% CI [0.67, 1.05].

Concussion Symptomatology

Total Number of Symptoms Endorsed

Analysis of the total number of symptoms endorsed revealed a main
effect of Group,F(2, 2,375.9) = 5.9, p = .003, f2 = 0.02, 95%CI [0.01,
0.03]. Post hoc decomposition of this effect revealed that having a
diagnosis of ADHD was associated with an elevated number of
symptoms endorsed (4.7 ± 6.2 symptoms) relative to Control parti-
cipants (4.0 ± 5.9 symptoms), t(2,386) = 3.2, p = .002, ds = 0.30, 95%
CI [0.12, 0.49]. Similarly, the combination of ADHD diagnosis and
psychostimulant use was associated with an elevated number of
symptoms endorsed (4.4 ± 5.9 symptoms) relative to Control parti-
cipants, t(2,360) = 2.0, p = .048, ds = 0.21, 95% CI [0.01, 0.42].
However, that difference did not remain significant following false
discovery rate control (Benjamini–Hochberg critical alpha = .044).

Analysis of the total number of symptoms endorsed also revealed
a main effect of Time, F(3, 2382.4) = 773.3, p < .001, f2 = 2.97, 95%
CI [2.53, 3.53], but no Group ×Time interaction, F(6, 2,378.6) = 0.6,
p = .69, f2 < 0.01, 95% CI [0.0, 0.02]. Post hoc decomposition of the
main effect of Time revealed an elevated number of symptoms
endorsed at baseline (3.3 ± 4.2 symptoms) relative to asymptomatic
(1.5 ± 3.0 symptoms) and unrestricted RTP (0.4 ± 1.1 symptoms),
t(2,378) ≥ 6.0, p < .001, drm ≥ 0.38, 95% CI [0.26, 0.82]. Similarly, an
elevated number of symptoms were endorsed 24–48 hr postinjury
(11.8 ± 5.6 symptoms) relative to baseline, asymptomatic, and unre-
stricted RTP, t(2,377) ≥ 30.9, p < .001, drm ≥ 2.07, 95% CI [1.93,
2.66]. Finally, an elevated number of symptoms were endorsed at
asymptomatic relative to unrestricted RTP, t(2,386) = 5.0, p < .001,
drm = 0.22, 95% CI [0.13, 0.30].

Symptom Severity

Analysis of symptom severity revealed a main effect of Time, F(3,
2,385.4) = 476.3, p < .001, f2 = 2.98, 95% CI [2.54, 3.54], but
no Group × Time interaction, F(6, 2,380.7) = 0.5, p = .8,

f2 = 0.01, 95% CI [0.0, 0.02]. Post hoc decomposition of the main
effect of Time revealed greater symptom severity reported at
baseline (6.4 ± 10.4) relative to asymptomatic (2.3 ± 6.2) and
unrestricted RTP (0.5 ± 1.8), t(2,381) ≥ 4.1, p < .001, drm ≥ 0.26,
95% CI [0.14, 0.53]. Similarly, greater symptom severity was
reported 24–48 hr postinjury (29.0 ± 21.9) relative to baseline,
asymptomatic, and unrestricted RTP, t(2,390) ≥ 25.4, p < .001,
drm ≥ 1.61, 95% CI [1.50, 2.02]. Finally, greater symptom severity
was reported at the asymptomatic timepoint relative to unrestricted
RTP, t(2,389) = 2.5, p = .014, drm = 0.11, 95% CI [0.02, 0.19].

Discussion

The purpose of the present study was to investigate how ADHD
and ADHD-related psychostimulant use may be associated with
prospective concussion risk as well as postconcussion symptom
recovery in NCAA athletes and service academy cadets with
ADHD. Consonant with other studies (Alosco et al., 2014;
Poysophon & Rao, 2018; Putukian et al., 2011), approximately
5.3% of the current sample reported being previously diagnosed
with ADHD, and 40.6% of those also reported using ADHD-
related psychostimulants. ADHD was observed to be a small risk
factor for sustaining future concussion within this population,
regardless of psychostimulant use. No differences were observed
between groups for the number of days until being cleared for
unrestricted RTP. However, those who had ADHD and did not take
psychostimulants required longer symptom recovery times com-
pared to those who did take psychostimulants and those without
ADHD. We also observed that individuals with ADHD reported
more symptoms on the SCAT across all time points, including
baseline, but this effect did not remain significant following false
discovery rate control for those who had ADHD and take
psychostimulants.

Although limited studies have examined the extent to which
ADHD may be a risk factor for sustaining concussive injury in
NCAA athletes, the current findings are in line with previous
evidence indicating collegiate athletes with ADHD are more likely
to have a history of multiple concussions compared to those
without ADHD (Nelson et al., 2016). Additionally, given the
prospective element of the present investigation, our findings
suggest that ADHD is associated with greater antecedent risk for
concussion (Biederman et al., 2015; Iaccarino et al., 2018). Inter-
estingly, the observed magnitude of concussion risk for those with
ADHD (OR = 1.21–1.48) was smaller than that which has been
observed within investigations assessing concussion risk for youth
with ADHD (OR = 1.69–1.71; Iverson et al., 2014, 2020). Specu-
latively, it may be that the likelihood of sustaining concussion
associated with ADHD results from the underlying symptomatol-
ogy; thus, as hyperactivity and impulsiveness behaviors associated
with ADHD tend to diminish in severity as individuals age into
adulthood, the risk of concussion diminishes as well (Wilens et al.,
2009). However, as the present investigation was restricted to an
adult population and did not specifically investigate ADHD-related
symptomatology, clearly further research in this area is necessary
to determine whether such speculation has merit, whether the
observed differences in risk are simply manifestations of other
differences between adults and children with ADHD and the
samples used within the present literature, or whether the smaller
risk is a result of the contrast against collegiate athletes/service
academy cadets who themselves may have elevated risk. Never-
theless, such evidence highlights that those with a history of ADHD
may be slightly more susceptible to incurring head trauma,
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especially within high-risk settings such as athletics or service
academy/military training.

Of particular interest to the present investigation was the extent
to which ADHD-related concussion risk might be altered with
psychostimulant use. Contrary to prior findings in youth popula-
tions that observed reduced risk of concussion for those children
with ADHD who are on psychostimulants (Liao et al., 2018; Liou
et al., 2018), the present investigation observed that individuals
with ADHD who reported taking psychostimulants had marginally
higher odds of sustaining concussion than those who did not report
taking psychostimulants (OR = 1.48 vs. OR = 1.23, 95% CI [0.96,
1.57]); however, this comparison was not statistically significant.
One possible explanation for such divergent findings may be the
breadth of TBI severity within the former studies and differences in
sample characteristics. More specifically, our sample and other
congruent findings focus on athletic populations (Iverson et al.,
2020), whereas incongruent findings have utilized the general
youth populations (Liao et al., 2018; Liou et al., 2018). Thus,
despite helping with cognitive deficits in academic and vocational
settings, psychostimulants may not be sufficient to prevent injury
during more demanding psychomotor environments inherent to
collegiate athletic competition and service academy/military training.
Importantly, ongoing use of psychostimulants into adulthood could
signify more severe ADHD symptomatology, which may also
contribute toward the enhanced risk of concussion. Speculatively,
a complex interrelationship may exist between psychostimulant use,
athletic participation, and concussion risk—independent of ADHD
status.While psychostimulant usemay indeed reduce concussion risk
associated with ADHD, it may also independently increase concus-
sion risk by enabling athletes to continue to push through fatigue- and
heat-related stress, increasing potential participation durations
thereby increasing one’s risk of concussion (Alosco et al., 2014;
Berezanskaya et al., 2022). Future research in this areamay benefit by
considering alterations in concussion risk as it relates to other forms
of stimulants and stimulant dose to provide greater clarity surround-
ing these issues. Nevertheless, these findings highlight that those with
ADHDmay be more susceptible to injury even when medicated with
a psychostimulant.

Importantly, the present investigation provides novel findings
into the association between ADHD-related psychostimulants and
concussion recovery. Consonant with prior research suggesting
that concussion symptoms are related to preexisting ADHD diag-
nosis/symptomatology (Bullard et al., 2022; Elbin et al., 2013;
Houck et al., 2019; Kaye et al., 2019; Nelson et al., 2016),
individuals with ADHD took on average 2–3 days longer to be
determined asymptomatic compared to Controls. Yet individuals
with ADHD who reported taking psychostimulants were deter-
mined to be asymptomatic at the same time as Controls despite
having reported a marginally elevated number of symptoms at
baseline and postconcussion time points compared to Controls.
Given that greater concussion symptom severity at baseline and
postconcussion time points was only observed for those with
ADHD not using psychostimulants, it may be that psychostimulant
use provides a therapeutic benefit to mitigate concussion-related
symptom severity or that some aspects of concussion symptom-
atology are masked by the effects of the psychostimulant. Indeed, a
prior CARE investigation, which created multivariable hazards
models for recovery trajectory, found that when ADHDmedication
use was factored in as a covariate, it was associated with a small but
significant decrease in total RTP duration (Broglio et al., 2022).

While neither ADHD group exhibited extended time to unre-
stricted RTP, it is important to highlight that concussion-related

symptomatology was marginally elevated for individuals with
ADHD across all time points—including baseline and RTP. Such
findings replicate prior research which has observed elevated
concussion-related symptomatology associated with ADHD even
at baseline preseason assessments in children (Collings et al., 2017;
Moran et al., 2021), adolescents (Biederman et al., 2015; Elbin
et al., 2013; Iaccarino et al., 2018) and young adults (Biederman
et al., 2015; Elbin et al., 2013; Houck et al., 2019; Iaccarino et al.,
2018), as well as replicate the observation that the presence of
ADHD appears unrelated to differences in RTP decisions (Cook
et al., 2020). Speculatively, the current findings may be a result of
the overlapping symptomatology, particularly items related to
executive dysfunction (i.e., difficulty concentrating and difficulty
remembering things) which are altered in both ADHD and post-
concussion samples (Mautner et al., 2015). Although the design of
the present investigation cannot rule out such potential, caution in
such speculation is warranted given the findings by Bullard et al.
(2022) who observed that while ADHD and concussion symptom-
atology in adolescents are related, they remain functionally
distinct—such that concussion-related symptomatology—and their
shared variance is not mediated by underlying executive dysfunc-
tion. Critically, an important factor highlighted by Bullard et al. that
is not able to be considered within the present investigation is that
prior ADHD symptomatology rather than diagnosis may be more
relevant for postinjury symptomatology. Such findings are an
important consideration and reinforce the need for additional
research into the complex interplay between the ADHD continuum,
concussive injuries, and recovery thereafter.

Despite the strengths of the present investigation, the nature of
the NCAA-DOD CARE Consortium data set relies upon self-
reported ADHD diagnoses and psychostimulant use. Therefore, it
is unknown whether those who reported ADHD met diagnostic
criteria, if any individuals declined to report prior diagnoses or the
extent to which individuals with ADHD with or without psychos-
timulants may have differential symptom presentations. However,
ADHD rates were consistent with previous studies within this
population (Kessler et al., 2006). ADHD diagnosis status and
psychostimulant use were only reported during the baseline assess-
ment; therefore, we were unable to verify whether Control group
individuals may have been diagnosed with ADHD following
baseline assessment or whether psychostimulant use was discon-
tinued postinjury. Additionally, we could not account for when
ADHDwas diagnosed, psychostimulant dosages, or the duration of
current psychostimulant use in analyses as it was unavailable
within the data. Prior investigations have demonstrated that TBI
risk may differ according to methylphenidate dosage in children
(Liao et al., 2018); thus, it is recommended that future directions
focus on whether risk or recovery may fluctuate due to psychos-
timulant dosage. Furthermore, we relied upon subjective symptom
inventories for assessing concussion recovery.While the SCAT is a
widely used and reliable measure of symptom severity, it—like all
subjective assessments—is prone to response bias, and athletes
may be incentivized to underreport symptoms in order to accelerate
return to normal activities (Conway et al., 2020). Further, although
the SCAT has remained relatively consistent across versions, it is
important to note that it is now on its sixth iteration reflecting
changes in injury identification and diagnostic criteria (Echemendia
et al., 2023). Current guidelines recommend practitioners utilize a
multidimensional and objective approach when managing con-
cussion (Patricios et al., 2023), and future investigations should
incorporate this approach to gain a greater understanding of
the relationship between ADHD-related psychostimulants and
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concussion recovery. Similarly, although allowing the local
medical teams to make asymptomatic and RTP decisions within
each site adds to the external validity of the study, this approach
also introduces variance into these two time points. Future
work may elect to develop strict asymptomatic and RTP criteria
and/or provide the study personnel to make these decisions.

Irrespective, the present investigation provides valuable infor-
mation regarding the influence of ADHD and psychostimulant use
on both concussion risk and symptom presentation following
concussion. Fortunately, ascertaining ADHD diagnoses and symp-
tomatology, as well as medication status, is feasible and can
provide clinicians, coaches, and commanders with critical insights.
Hopefully, the current study underscores this point, and ADHD
symptom assessments will become routine for baseline and post-
injury evaluations. It is the hope that this study will also encourage
further research in this area to better understand the extent to which
psychostimulant use following a concussive injury may provide
therapeutic benefits for recovery or simply mask symptom severity.
Future prevention research is also necessary to direct efforts toward
identifying the underlying mechanisms for why those with ADHD
may be at greater risk for concussion.

Highlights

• Prospective assessment of concussion recovery of 741 col-
lege-age adults.

• Attention-deficit/hyperactivity disorder was associated with
1.2 times greater risk of a concussion.

• Attention-deficit/hyperactivity disorder + psychostimulant use
was associated with 1.5 times greater risk of a concussion.

• Attention-deficit/hyperactivity disorder was associated with a
prolonged period from injury to being determined to be
asymptomatic.

• Postconcussive symptoms appear mitigated by psychostimu-
lant use.

Acknowledgments

This work was supported by a fellowship awarded to C. Coffman from the
College of Education at Michigan State University. This publication was
made possible, in part, by support from the Grand Alliance Concussion
Assessment, Research, and Education (CARE) Consortium, funded by the
National Collegiate Athletic Association (NCAA) and the Department of
Defense. The U.S. Army Medical Research Acquisition Activity, 820
Chandler Street, Fort Detrick, MD 21702-5014, USA, is the awarding and
administering acquisition office. This work was supported by the Office of
the Assistant Secretary of Defense for Health Affairs through the Psycho-
logical Health and Traumatic Brain Injury Program under Award no.
W81XWH-14-2-0151. Opinions, interpretations, conclusions, and recom-
mendations are those of the authors and are not necessarily endorsed by the
Department of Defense (Defense Health Program funds). CARE Consor-
tium contributing investigators: April Hoy, ATC (Azusa Pacific Uni-
versity). Louise A. Kelly, PhD (California Lutheran University). Justus
Ortega, PhD (California Polytechnic State University). Christopher
D’Lauro, PhD (U.S. Air Force Academy). Adam Susmarski, DO (U.S.
Naval Academy). Thomas Buckley, Ed.D. (University of Delaware).
Thomas W. Kaminski, PhD (University of Delaware). James R. Clugston,
MD (University of Florida). Luis A. Feigenbaum, DPT (University of
Miami). James T. Eckner, MD (University of Michigan). Christina L.
Master, MD (University of Pennsylvania). Anthony P. Kontos, PhD

(University of Pittsburgh). Sara P.D. Chrisman, MD (University of
Washington). Stefan M. Duma, PhD (Virginia Tech). Steve Rowson, PhD
(Virginia Tech). Chris Miles, MD (Wake Forest University).

The authors would also like to thank the research and medical staff at
each of the participating sites. Data Availability Statement: Data are
available upon request through the CARE Consortium.CRediT Authorship
Contribution Statement: Writing—original draft, and writing—review
and editing: Coffman. Writing—review and editing: Gunn. Methodology,
writing—review and editing, supervision, project administration, and funding
acquisition: Pasquina. Methodology, writing—review and editing, supervi-
sion, project administration, and funding acquisition: McCrea.Methodology,
writing—review and editing, supervision, project administration, and funding
acquisition: McAllister. Methodology, writing—review and editing, supervi-
sion, project administration, and funding acquisition: Broglio. Writing—
review and editing: Moore. Formal analysis, writing—original draft,
writing—review and editing, and visualization: Pontifex.

References

Ali, M., Dreher, N., Hannah, T., Li, A., Asghar, N., Spiera, Z., Marayati,
N.F., Durbin, J., Gometz, A., Lovell, M., & Choudhri, T. (2021).
Concussion incidence and recovery among youth athletes with ADHD
taking stimulant-based therapy. Orthopaedic Journal of Sports Medi-
cine, 9(10), Article 564. https://doi.org/10.1177/23259671211032564

Alosco, M.L., Fedor, A.F., & Gunstad, J. (2014). Attention deficit
hyperactivity disorder as a risk factor for concussions in NCAA
division-I athletes. Brain Injury, 28(4), 472–474. https://doi.org/10.
3109/02699052.2014.887145

American Psychiatric Association. (2013). Diagnostic and statistical man-
ual of mental disorders (5th ed.). American Psychiatric Association.

Aragon, T.J. (2020). Epitools: Epidemiology tools [R package version 0.5-
10.1]. https://CRAN.R-project.org/package=epitools

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear
mixed-effects models using lme4. Journal of Statistical Software,
67(1), 1–48. https://doi.org/10.18637/jss.v067.i01

Berezanskaya, J., Cade, W., Best, T.M., Paultre, K., & Kienstra, C. (2022).
ADHD prescription medications and their effect on athletic perfor-
mance: A systematic review and meta-analysis. Sports Medicine-
Open, 8, Article number 5. https://doi.org/10.1186/s40798-021-
00374-y

Biederman, J., Feinberg, L., Chan, J., Adeyemo, B.O., Woodworth, K.Y.,
Panis, W., McGrath, N., Bhatnagar, S., Spencer, T.J., Uchida, M.,
Kenworthy, T., Grossman, R., Zafonte, R., & Faraone, S.V. (2015). Mild
traumatic brain injury and attention-deficit hyperactivity disorder in young
student athletes. The Journal of Nervous and Mental Disease, 203(11),
813–819. https://doi.org/10.1097/NMD.0000000000000375

Biederman, J., Monuteaux, M.C., Mick, E., Spencer, T., Wilens, T.E.,
Silva, J.M., Snyder, L.E., & Faraone, S.V. (2006). Young adult
outcome of attention deficit hyperactivity disorder: A controlled
10-year follow-up study. Psychological Medicine, 36(2), 167–179.
https://doi.org/10.1017/S0033291705006410

Bookbinder, H.A., Houston, M.N., Peck, K.Y., Habecker, S., Colsant,
B.J., Kelly, T.F., Roach, S.P., Malvasi, S.R., McGinty, G.T., Camp-
bell, D.E., Svoboda, S.J., & Cameron, K.L. (2020). Factors associated
with delayed concussion reporting by United States service academy
cadets. Journal of Athletic Training, 55(8), 843–849. https://doi.org/
10.4085/1062-6050-362-19

Broglio, S.P., McAllister, T., Katz, B.P., LaPradd, M., Zhou, W., McCrea,
M.A., Hoy, A., Hazzard, J.B., Kelly, L.A., DiFiori, J., Ortega, J.D., Port,
N., Putukian, M., Langford, D., McDevitt, J., Campbell, D., Jackson,
J.C., McGinty, G., Estevez, C., : : : CARE Consortium Investigators.

CONCUSSION, ADHD, AND PSYCHOSTIMULANT USE 343

JSEP Vol. 45, No. 6, 2023
Brought to you by MICHIGAN STATE UNIVERSITY | Unauthenticated | Downloaded 02/13/24 08:45 PM UTC

https://doi.org/https://doi.org/10.1177/23259671211032564
https://doi.org/https://doi.org/10.3109/02699052.2014.887145
https://doi.org/https://doi.org/10.3109/02699052.2014.887145
https://CRAN.R-project.org/package=epitools
https://doi.org/https://doi.org/10.18637/jss.v067.i01
https://doi.org/https://doi.org/10.1186/s40798-021-00374-y
https://doi.org/https://doi.org/10.1186/s40798-021-00374-y
https://doi.org/https://doi.org/10.1097/NMD.0000000000000375
https://doi.org/https://doi.org/10.1017/S0033291705006410
https://doi.org/https://doi.org/10.4085/1062-6050-362-19
https://doi.org/https://doi.org/10.4085/1062-6050-362-19


(2022). The natural history of sport-related concussion in collegiate
athletes: Findings from the NCAA-DoD CARE consortium. Sports
Medicine, 52(2), 403–415. https://doi.org/10.1007/s40279-021-01541-7

Broglio, S.P., McCrea, M., McAllister, T., Harezlak, J., Katz, B., Hack, D.,
Hainline, B., Hoy, A., Hazzard, J.B., Kelly, L.A., Ortega, J.D., Port,
N., Putukian, M., Langford, T.D., Tierney, R., Campbell, D.E.,
McGinty, G., O’Donnell, P., Benjamin, H.J., : : : CARE Consortium
Investigators. (2017). A national study on the effects of concussion in
collegiate athletes and US military service academy members: The
NCAA–DoD Concussion Assessment, Research and Education
(CARE) consortium structure and methods. Sports Medicine,
47(7), 1437–1451. https://doi.org/10.1007/s40279-017-0707-1

Bullard, L.E., Coffman, C.A., Kay, J.J.M., Holloway, J.P., Moore, R.D., &
Pontifex, M.B. (2022). Attention-deficit/hyperactivity disorder-
related self-reported symptoms are associated with elevated concus-
sion symptomatology. Journal of Sport and Exercise Psychology, 1,
Article 225. https://doi.org/10.1123/jsep.2021-0225

Chang, Z., Lichtenstein, P., D’Onofrio, B.M., Sjölander, A., & Larsson, H.
(2014). Serious transport accidents in adults with attention-deficit/
hyperactivity disorder and the effect of medication: A population-
based study. JAMA Psychiatry, 71(3), 319–325. https://doi.org/10.
1001/jamapsychiatry.2013.4174

Collings, L.J., Cook, N.E., Porter, S., Kusch, C., Sun, J., Virji-Babul, N.,
Iverson, G.L., & Panenka, W.J. (2017). Attention-deficit/hyperactivity
disorder is associated with baseline child sport concussion assessment
tool third edition scores in child hockey players. Brain Injury, 31(11),
1479–1485. https://doi.org/10.1080/02699052.2017.1377351

Conway, F., Domingues, M., Monaco, R., Lesnewich, L.M., Ray, A.E.,
Alderman, B.L., Todaro, S.M., & Buckman, J.F. (2020). Concussion
symptom underreporting among incoming NCAA division I college
athletes. Clinical Journal of Sport Medicine, 30(3), 203–209. https://
doi.org/10.1097/JSM.0000000000000557

Cook, N.E., Gaudet, C.E., Van Patten, R., Kissinger-Knox, A., & Iverson,
G.L. (2022). Clinical outcome following sport-related concussion
among children and adolescents with a history of prior concussion: A
systematic review. Journal of Neurotrauma, 39(17–18), 1146–1158.
https://doi.org/10.1089/neu.2022.0078

Cook, N.E., Iaccarino, M.A., Karr, J.E., & Iverson, G.L. (2020). Attention-
deficit/hyperactivity disorder and outcome after concussion: A sys-
tematic review. Journal of Developmental & Behavioral Pediatrics,
41(7), 571–582. https://doi.org/10.1097/DBP.0000000000000808

Cook, N.E., Iverson, G.L., Maxwell, B., Zafonte, R., & Berkner, P.D.
(2021). Adolescents with ADHD do not take longer to recover from
concussion. Frontiers in Pediatrics, 8,Article 879. https://doi.org/10.
3389/fped.2020.606879

Coris, E.E., Moran, B., Sneed, K., Del Rossi, G., Bindas, B., Mehta, S., &
Narducci, D. (2022). Stimulant therapy utilization for neurocognitive
deficits in mild traumatic brain injury. Sports Health, 14(4), 538–548.
https://doi.org/10.1177/19417381211031842

Daugherty, J., DePadilla, L., Sarmiento, K., & Breiding, M.J. (2020). Self-
reported lifetime concussion among adults: Comparison of 3 different
survey questions. The Journal of Head Trauma Rehabilitation, 35(2),
E136–E143. https://doi.org/10.1097/HTR.0000000000000534

Dougan, B.K., Horswill, M.S., & Geffen, G.M. (2014). Athletes’ age, sex,
and years of education moderate the acute neuropsychological impact
of sports-related concussion: A meta-analysis. Journal of the Inter-
national Neuropsychological Society: JINS, 20(1), 64–80. https://doi.
org/10.1017/S1355617712001464

Echemendia, R.J., Brett, B.L., Broglio, S., Davis, G.A., Giza, C.C., Guskie-
wicz, K.M., ... & Bruce, J.M. (2023). Introducing the Sport Concussion
Assessment Tool 6 (Scat6). British Journal of Sports Medicine, 57(11),
619–621. https://doi.org/10.1136/bjsports-2023-106849

Elbin, R.J., Kontos, A.P., Kegel, N., Johnson, E., Burkhart, S., & Schatz, P.
(2013). Individual and combined effects of LD and ADHD on
computerized neurocognitive concussion test performance: Evidence
for separate norms. Archives of Clinical Neuropsychology, 28(5),
476–484. https://doi.org/10.1093/arclin/act024

Faraone, S.V., & Glatt, S.J. (2009). A comparison of the efficacy of
medications for adult attention-deficit/hyperactivity disorder using
meta-analysis of effect sizes. The Journal of Clinical Psychiatry,
71(6), Article 3475. https://doi.org/10.4088/JCP.08m04902pur

Faul, F., Erdfelder, E., Lang, A.G., & Buchner, A. (2007). G*Power 3: A
flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behavior Research Methods, 39(2), 175–
191. https://doi.org/10.3758/BF03193146

Gardner, R.M., Yengo-Kahn, A., Bonfield, C.M., & Solomon, G.S.
(2017). Comparison of baseline and post-concussion ImPACT test
scores in young athletes with stimulant-treated and untreated ADHD.
The Physician and Sportsmedicine, 45(1), Article 221. https://doi.org/
10.1080/00913847.2017.1248221

Guerriero, R.M., Kuemmerle, K., Pepin, M.J., Taylor, A.M., Wolff, R., &
Meehan, W.P. (2018). The association between premorbid conditions
in school-aged children with prolonged concussion recovery. Journal
of Child Neurology, 33(2), 168–173. https://doi.org/10.1177/
0883073817749655

Guskiewicz, K.M., McCrea, M., Marshall, S.W., Cantu, R.C., Randolph,
C., Barr, W., Onate, J.A., & Kelly, J.P. (2003). Cumulative effects
associated with recurrent concussion in collegiate football players:
The NCAA concussion study. Journal of the American Medical
Association, 290(19), 2549–2555. https://doi.org/10.1001/jama.
290.19.2549

Harmon, K.G., Clugston, J.R., Dec, K., Hainline, B., Herring, S., Kane, S.F.,
Kontos, A.P., Leddy, J.J., McCrea, M., & Poddar, S.K. (2019). Ameri-
canmedical society for sportsmedicine position statement on concussion
in sport. British Journal of Sports Medicine, 53(4), 213–225.

Houck, Z., Asken, B., Bauer, R., & Clugston, J. (2019). Predictors of post-
concussion symptom severity in a university-based concussion clinic.
Brain Injury, 33(4), 480–489. https://doi.org/10.1080/02699052.
2019.1565897

Iaccarino,M.A., Fitzgerald, M., Pulli, A.,Woodworth, K.Y., Spencer, T.J.,
Zafonte, R., & Biederman, J. (2018). Sport concussion and attention
deficit hyperactivity disorder in student athletes. Neurology: Clinical
Practice, 8(5), 403–411. https://doi.org/10.1212/CPJ.0000000000
000525

Iaccarino, M.A., Philpotts, L.L., Zafonte, R., & Biederman, J. (2020).
Stimulant use in the management of mild traumatic brain injury: A
qualitative literature review. Journal of Attention Disorders, 24(2),
309–317. https://doi.org/10.1177/1087054718759752

Ilie, G., Vingilis, E.R., Mann, R.E., Hamilton, H., Toplak,M., Adlaf, E.M.,
Kolla, N., Ialomiteanu, A., van der Mass, M., Asbridge, M., Vingilis-
Jaremko, L., Rehm, J., & Cusimano, M.D. (2015). The association
between traumatic brain injury and ADHD in a Canadian adult
sample. Journal of Psychiatric Research, 69, 174–179. https://doi.
org/10.1016/j.jpsychires.2015.08.004

Iverson, G.L., Atkins, J.E., Zafonte, R., & Berkner, P.D. (2014). Concus-
sion history in adolescent athletes with attention-deficit hyperactivity
disorder. Journal of Neurotrauma, 33(23), 2077–2080. https://doi.
org/10.1089/neu.2014.3424

Iverson, G.L., Gardner, A.J., Terry, D.P., Ponsford, J.L., Sills, A.K., Broshek,
D.K., & Solomon, G.S. (2017). Predictors of clinical recovery from
concussion: A systematic review. British Journal of Sports Medicine,
51(12), 941–948. https://doi.org/10.1136/bjsports-2017-097729

Iverson, G.L., Wojtowicz, M., Brooks, B.L., Maxwell, B.A., Atkins, J.E.,
Zafonte, R., & Berkner, P.D. (2020). High school athletes with

344 COFFMAN ET AL.

JSEP Vol. 45, No. 6, 2023
Brought to you by MICHIGAN STATE UNIVERSITY | Unauthenticated | Downloaded 02/13/24 08:45 PM UTC

https://doi.org/https://doi.org/10.1007/s40279-021-01541-7
https://doi.org/https://doi.org/10.1007/s40279-017-0707-1
https://doi.org/https://doi.org/10.1123/jsep.2021-0225
https://doi.org/https://doi.org/10.1001/jamapsychiatry.2013.4174
https://doi.org/https://doi.org/10.1001/jamapsychiatry.2013.4174
https://doi.org/https://doi.org/10.1080/02699052.2017.1377351
https://doi.org/https://doi.org/10.1097/JSM.0000000000000557
https://doi.org/https://doi.org/10.1097/JSM.0000000000000557
https://doi.org/https://doi.org/10.1089/neu.2022.0078
https://doi.org/https://doi.org/10.1097/DBP.0000000000000808
https://doi.org/https://doi.org/10.3389/fped.2020.606879
https://doi.org/https://doi.org/10.3389/fped.2020.606879
https://doi.org/https://doi.org/10.1177/19417381211031842
https://doi.org/https://doi.org/10.1097/HTR.0000000000000534
https://doi.org/https://doi.org/10.1017/S1355617712001464
https://doi.org/https://doi.org/10.1017/S1355617712001464
https://doi.org/https://doi.org/10.1136/bjsports-2023-106849
https://doi.org/https://doi.org/10.1093/arclin/act024
https://doi.org/https://doi.org/10.4088/JCP.08m04902pur
https://doi.org/https://doi.org/10.3758/BF03193146
https://doi.org/https://doi.org/10.1080/00913847.2017.1248221
https://doi.org/https://doi.org/10.1080/00913847.2017.1248221
https://doi.org/https://doi.org/10.1177/0883073817749655
https://doi.org/https://doi.org/10.1177/0883073817749655
https://doi.org/https://doi.org/10.1001/jama.290.19.2549
https://doi.org/https://doi.org/10.1001/jama.290.19.2549
https://doi.org/https://doi.org/10.1080/02699052.2019.1565897
https://doi.org/https://doi.org/10.1080/02699052.2019.1565897
https://doi.org/https://doi.org/10.1212/CPJ.0000000000000525
https://doi.org/https://doi.org/10.1212/CPJ.0000000000000525
https://doi.org/https://doi.org/10.1177/1087054718759752
https://doi.org/https://doi.org/10.1016/j.jpsychires.2015.08.004
https://doi.org/https://doi.org/10.1016/j.jpsychires.2015.08.004
https://doi.org/https://doi.org/10.1089/neu.2014.3424
https://doi.org/https://doi.org/10.1089/neu.2014.3424
https://doi.org/https://doi.org/10.1136/bjsports-2017-097729


ADHD and learning difficulties have a greater lifetime concussion
history. Journal of Attention Disorders, 24(8), 1095–1101. https://
doi.org/10.1177/1087054716657410

Kaye, S., Sundman, M.H., Hall, E.E., Williams, E., Patel, K., & Ketcham,
C.J. (2019). Baseline neurocognitive performance and symptoms in
those with attention deficit hyperactivity disorders and history of
concussion with previous loss of consciousness. Frontiers in Neu-
rology, 10, Article 396. https://doi.org/10.3389/fneur.2019.00396

Kessler, R.C., Adler, L., Barkley, R., Biederman, J., Conners, C.K.,
Demler, O., Faraone, S.V., Greenhill, L.L., Howes, M.J., Secnik,
K., Spencer, T., Ustun, T.B., Walters, E.E., & Zaslavsky, A.M.
(2006). The prevalence and correlates of adult ADHD in the United
States: Results from the national comorbidity survey replication.
American Journal of Psychiatry, 163(4), 716–723. https://doi.org/
10.1176/ajp.2006.163.4.716

Kieling, R.R., Szobot, C.M.,Matte, B., Coelho, R.S., Kieling, C., Pechansky,
F., & Rohde, L.A. (2011). Mental disorders and delivery motorcycle
drivers (motoboys): A dangerous association. European Psychiatry,
26(1), 23–27. https://doi.org/10.1016/j.eurpsy.2010.03.004

Kuznetsova, A., Brockhoff, P.B., & Christensen, R.H.B. (2017). lmerTest
package: Tests in linear mixed effects models. Journal of Statistical
Software, 82(13), 1–26. https://doi.org/10.18637/jss.v082.i13

Lakens, D. (2013). Calculating and reporting effect sizes to facilitate
cumulative science: A practical primer for t-tests and ANOVAs.
Frontiers in Psychology, 4, Article 863. https://doi.org/10.3389/
fpsyg.2013.00863

Lefevre-Dognin, C., Cogné, M., Perdrieau, V., Granger, A., Heslot, C., &
Azouvi, P. (2021). Definition and epidemiology of mild traumatic
brain injury. Neurochirurgie, 67(3), 218–221. https://doi.org/10.
1016/j.neuchi.2020.02.002

Lenth, R., Love, J., & Herve, M. (2017). Emmeans: Estimated marginal
means, aka least-squares means. https://github.com/rvlenth/emmeans

Liao, Y.T., Yang, Y.H., Kuo, T.Y., Liang, H.Y., Huang, K.Y., Wang,
T.N., Lee, Y., McIntyre, R.S., & Chen, V.C.H. (2018). Dosage of
methylphenidate and traumatic brain injury in ADHD: A population-
based study in Taiwan. European Child & Adolescent Psychiatry,
27(3), 279–288. https://doi.org/10.1007/s00787-017-1042-7

Lininger, M.R., Wayment, H.A., Huffman, A.H., Craig, D.I., & Irving, L.H.
(2017). An exploratory study on concussion-reporting behaviors from
collegiate student athletes’ perspectives.Athletic Training&SportsHealth
Care, 9(2), 71–80. https://doi.org/10.3928/19425864-20161116-01

Liou, Y.J., Wei, H.T., Chen, M.H., Hsu, J.W., Huang, K.L., Bai, Y.M., Su,
T.P., Li, C.T., Yang, A.C., Tsai, S.J., Lin, W.C., & Chen, T.J. (2018).
Risk of traumatic brain injury among children, adolescents, and
young adults with attention-deficit hyperactivity disorder in Taiwan.
Journal of Adolescent Health, 63(2), 233–238. https://doi.org/10.
1016/j.jadohealth.2018.02.012

Littleton, A.C., Schmidt, J.D., Register-Mihalik, J.K., Gioia, G.A.,
Waicus, K.M., Mihalik, J.P., & Guskiewicz, K.M. (2015). Effects
of attention deficit hyperactivity disorder and stimulant medication on
concussion symptom reporting and computerized neurocognitive test
performance. Archives of Clinical Neuropsychology, 30(7), 683–693.
https://doi.org/10.1093/arclin/acv043

Martin, A.K., Petersen, A.J., Sesma, H.W., Koolmo, M.B., Ingram, K.M.,
Slifko, K.B., Nguyen, V.N., Doss, R.C., & Linabery, A.M. (2022).
Learning and attention deficit/hyperactivity disorders as risk factors
for prolonged concussion recovery in children and adolescents.
Journal of the International Neuropsychological Society, 28(2),
109–122. https://doi.org/10.1017/S1355617721000229

Mautner, K., Sussman, W.I., Axtman, M., Al-Farsi, Y., & Al-Adawi, S.
(2015). Relationship of attention deficit hyperactivity disorder and post-
concussion recovery in youth athletes. Clinical Journal of Sport

Medicine, 25(4), 355–360. https://doi.org/10.1097/JSM.00000000000
00151

McCrory, P., Meeuwisse, W.H., Aubry, M., Cantu, R.C., Dvorák, J., Eche-
mendia, R.J., Engebretsen, L., Johnston, K.M., Kutcher, J.S., Raftery, M.,
Sills, A., Benson, B.W., Davis, G.A., Ellenbogen, R., Guskiewicz, K.M.,
Herring, S.A., Iverson, G.L., Jordan, B.D., Kissick, J., : : : Turner, M.
(2013). Consensus statement on concussion in sport—The 4th interna-
tional conference on concussion in sport held in Zurich, November 2012.
PM&R, 5(4), 255–279. https://doi.org/10.1016/j.pmrj.2013.02.012

Mcgee, R., Partridge, F., Williams, S., & Silva, P.A. (1991). A twelve-year
follow-up of preschool hyperactive children. Journal of the American
Academy of Child & Adolescent Psychiatry, 30(2), 224–232. https://
doi.org/10.1097/00004583-199103000-00010

Merritt, V.C., Padgett, C.R., & Jak, A.J. (2019). A systematic review of sex
differences in concussion outcome: What do we know? The Clinical
Neuropsychologist, 33(6), 1016–1043. https://doi.org/10.1080/
13854046.2018.1508616

Mikolajczyk, R., Horn, J., Schmedt, N., Langner, I., Lindemann, C., &
Garbe, E. (2015). Injury prevention by medication among children
with attention-deficit/hyperactivity disorder: A case-only study. JAMA
Pediatrics, 169(4), 391–395. https://doi.org/10.1001/jamapediatrics.
2014.3275

Moran, R.N., Wallace, J., Murray, N.G., & Covassin, T. (2021). Effects of
attention deficit hyperactivity disorder and learning disability on
vestibular and ocular baseline concussion assessment in pediatric
athletes. Applied Neuropsychology: Child, 10(3), 276–282. https://
doi.org/10.1080/21622965.2019.1683453

Nelson, L.D., Guskiewicz, K.M., Marshall, S.W., Hammeke, T., Barr, W.,
Randolph, C., & McCrea, M.A. (2016). Multiple self-reported con-
cussions are more prevalent in athletes with ADHD and learning
disability. Clinical Journal of Sport Medicine : Official Journal of the
Canadian Academy of Sport Medicine, 26(2), 120–127. https://doi.
org/10.1097/JSM.0000000000000207

O’Driscoll, G.A., Dépatie, L., Holahan, A.L.V., Savion-Lemieux, T., Barr,
R.G., Jolicoeur, C., & Douglas, V.I. (2005). Executive functions and
methylphenidate response in subtypes of attention-deficit/hyperactiv-
ity disorder. Biological Psychiatry, 57(11), 1452–1460. https://doi.
org/10.1016/j.biopsych.2005.02.029

Orban, S.A., Epstein, J.N., Carr, D., Logan, K., Gubanich, P.J., Sidol, C.,
& Myer, G.D. (2021). Attention-deficit/hyperactivity disorder status
and sex moderate mild traumatic brain injury symptom severity in
children and adolescents: Implications for clinical management.
Clinical Journal of Sport Medicine, 31(6), e298–e305. https://doi.
org/10.1097/JSM.0000000000000821

Patricios, J.S., Schneider, K.J., Dvorak, J., Ahmed, O.H., Blauwet, C.,
Cantu, R.C., ... Meeuwisse, W. (2023). Consensus statement on
concussion in sport: The 6th International Conference on Concussion
in Sport—Amsterdam, October 2022. British Journal of Sports
Medicine, 57(11), 695–711. https://doi.org/10.1136/bjsports-2023-
106898

Penttilä, J., Rintahaka, P., & Kaltiala-Heino, R. (2011). The significance of
attention-deficit hyperactivity disorder for the future of the child and the
young.Duodecim; Laaketieteellinen Aikakauskirja, 127(14), 1433–1439.

Philip, P., Micoulaud-Franchi, J.A., Lagarde, E., Taillard, J., Canel, A.,
Sagaspe, P., & Bioulac, S. (2015). Attention deficit hyperactivity
disorder symptoms, sleepiness and accidental risk in 36140 regularly
registered highway drivers. PLoS One, 10(9), Article 138004. https://
doi.org/10.1371/journal.pone.0138004

Pontifex, M.B. (2020). Rmimic: An R package that mimic outputs of
popular commercial statistics software packages with effect sizes and
confidence intervals (1.0) [Computer software]. https://github.com/
mattpontifex/Rmimic

CONCUSSION, ADHD, AND PSYCHOSTIMULANT USE 345

JSEP Vol. 45, No. 6, 2023
Brought to you by MICHIGAN STATE UNIVERSITY | Unauthenticated | Downloaded 02/13/24 08:45 PM UTC

https://doi.org/https://doi.org/10.1177/1087054716657410
https://doi.org/https://doi.org/10.1177/1087054716657410
https://doi.org/https://doi.org/10.3389/fneur.2019.00396
https://doi.org/https://doi.org/10.1176/ajp.2006.163.4.716
https://doi.org/https://doi.org/10.1176/ajp.2006.163.4.716
https://doi.org/https://doi.org/10.1016/j.eurpsy.2010.03.004
https://doi.org/https://doi.org/10.18637/jss.v082.i13
https://doi.org/https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/https://doi.org/10.1016/j.neuchi.2020.02.002
https://doi.org/https://doi.org/10.1016/j.neuchi.2020.02.002
https://github.com/rvlenth/emmeans
https://doi.org/https://doi.org/10.1007/s00787-017-1042-7
https://doi.org/https://doi.org/10.3928/19425864-20161116-01
https://doi.org/https://doi.org/10.1016/j.jadohealth.2018.02.012
https://doi.org/https://doi.org/10.1016/j.jadohealth.2018.02.012
https://doi.org/https://doi.org/10.1093/arclin/acv043
https://doi.org/https://doi.org/10.1017/S1355617721000229
https://doi.org/https://doi.org/10.1097/JSM.0000000000000151
https://doi.org/https://doi.org/10.1097/JSM.0000000000000151
https://doi.org/https://doi.org/10.1016/j.pmrj.2013.02.012
https://doi.org/https://doi.org/10.1097/00004583-199103000-00010
https://doi.org/https://doi.org/10.1097/00004583-199103000-00010
https://doi.org/https://doi.org/10.1080/13854046.2018.1508616
https://doi.org/https://doi.org/10.1080/13854046.2018.1508616
https://doi.org/https://doi.org/10.1001/jamapediatrics.2014.3275
https://doi.org/https://doi.org/10.1001/jamapediatrics.2014.3275
https://doi.org/https://doi.org/10.1080/21622965.2019.1683453
https://doi.org/https://doi.org/10.1080/21622965.2019.1683453
https://doi.org/https://doi.org/10.1097/JSM.0000000000000207
https://doi.org/https://doi.org/10.1097/JSM.0000000000000207
https://doi.org/https://doi.org/10.1016/j.biopsych.2005.02.029
https://doi.org/https://doi.org/10.1016/j.biopsych.2005.02.029
https://doi.org/https://doi.org/10.1097/JSM.0000000000000821
https://doi.org/https://doi.org/10.1097/JSM.0000000000000821
https://doi.org/https://doi.org/10.1136/bjsports-2023-106898
https://doi.org/https://doi.org/10.1136/bjsports-2023-106898
https://doi.org/https://doi.org/10.1371/journal.pone.0138004
https://doi.org/https://doi.org/10.1371/journal.pone.0138004
https://github.com/mattpontifex/Rmimic
https://github.com/mattpontifex/Rmimic


Poysophon, P., & Rao, A.L. (2018). Neurocognitive deficits associated
with ADHD in Athletes: A systematic review. Sports Health, 10(4),
317–326. https://doi.org/10.1177/1941738117751387

Pullen, J.C., Wolfson, D.I., Totten, D.J., Jeckell, A.S., Bonfield, C.M.,
Zuckerman, S.L., & Yengo-Kahn, A.M. (2022). Attention-deficit
hyperactivity disorder and learning disabilities modify recovery
and sport behavior following sport-related concussion. Clinical
Pediatrics, 10, Article 787. https://doi.org/10.1177/00099228221
113787

Putukian, M., Kreher, J.B., Coppel, D.B., Glazer, J.L., McKeag, D.B., &
White, R.D. (2011). Attention deficit hyperactivity disorder and the
athlete: An American medical society for sports medicine position
statement. Clinical Journal of Sport Medicine, 21(5), 392–400.
https://doi.org/10.1097/JSM.0b013e3182262eb1

R Core Team. (2019). R: A language and environment for statistical
computing (3.6.1) [Computer software]. https://www.R-project.org/

Sosin, D.M., Sniezek, J.E., & Thurman, D. J. (1996). Incidence of mild and
moderate brain injury in the United States, 1991. Brain Injury, 10(1),
47–54. https://doi.org/10.1080/026990596124719

Tamminga, H.G.H., Reneman, L., Huizenga, H.M., & Geurts, H.M.
(2016). Effects of methylphenidate on executive functioning in
attention-deficit/hyperactivity disorder across the lifespan: A meta-

regression analysis. Psychological Medicine, 46(9), 1791–1807.
https://doi.org/10.1017/S0033291716000350

Warnes, G.R., Bolker, B., Lumley, T., & Johnson, R.C. (2018). gmodels:
Various R programming tools for model fitting [R package version
2.18.1]. https://CRAN.R-project.org/package=gmodels

Wilens, T.E., Biederman, J., Faraone, S.V., Martelon, M., Westerberg, D.,
& Spencer, T.J. (2009). Presenting ADHD symptoms, subtypes, and
comorbid disorders in clinically referred adults with ADHD. The
Journal of Clinical Psychiatry, 70(11), 1557–1562. https://doi.org/
10.4088/JCP.08m04785pur

Wilens, T.E., Faraone, S.V., & Biederman, J. (2004). Attention-deficit/
hyperactivity disorder in adults. Journal of the American Medical
Association, 292(5), 619–623. https://doi.org/10.1001/jama.292.5.619

Yue, J.K., Cnossen, M.C., Winkler, E.A., Deng, H., Phelps, R.R.L.,
Coss, N.A., Sharma, S., Robinson, C.K., Suen, C.G., Vassar, M.J.,
Schnyer, D.M., Puccio, A.M., Gardner, R.C., Yuh, E.L., Mukher-
jee, P., Valadka, A.B., Okonkwo, D.O., Lingsma, H.F., Manley,
G.T., : : : Morabito, D.J.R. (2019). Pre-injury comorbidities are
associated with functional impairment and post-concussive symp-
toms at 3- and 6-months after mild traumatic brain injury: A
TRACK-TBI study. Frontiers in Neurology, 10, Article 343.
https://doi.org/10.3389/fneur.2019.00343

346 COFFMAN ET AL.

JSEP Vol. 45, No. 6, 2023
Brought to you by MICHIGAN STATE UNIVERSITY | Unauthenticated | Downloaded 02/13/24 08:45 PM UTC

https://doi.org/https://doi.org/10.1177/1941738117751387
https://doi.org/https://doi.org/10.1177/00099228221113787
https://doi.org/https://doi.org/10.1177/00099228221113787
https://doi.org/https://doi.org/10.1097/JSM.0b013e3182262eb1
https://www.R-project.org/
https://doi.org/https://doi.org/10.1080/026990596124719
https://doi.org/https://doi.org/10.1017/S0033291716000350
https://CRAN.R-project.org/package=gmodels
https://doi.org/https://doi.org/10.4088/JCP.08m04785pur
https://doi.org/https://doi.org/10.4088/JCP.08m04785pur
https://doi.org/https://doi.org/10.1001/jama.292.5.619
https://doi.org/https://doi.org/10.3389/fneur.2019.00343

