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The objective of this study was to determine whether adolescents with

attention-deficit/hyperactivity disorder (ADHD) have prolonged return to school and

sports following concussion compared to those without ADHD and whether medication

status or concussion history is associated with recovery time. We hypothesized that

having ADHD would not be associated with longer recovery time. This prospective

observational cohort study, conducted between 2014 and 2019, examined concussion

recovery among school sponsored athletics throughout Maine, USA. The sample

included 623 adolescents, aged 14–19 years (mean = 16.3, standard deviation = 1.3

years), 43.8% girls, and 90 (14.4%) reported having ADHD. Concussions were identified

by certified athletic trainers. We computed days to return to school (full time without

accommodations) and days to return to sports (completed return to play protocol)

following concussion. Adolescents with ADHD [median days = 7, interquartile range

(IQR) = 3–13, range = 0–45] did not take longer than those without ADHD (median

days = 7, IQR = 3–13, range = 0–231) to return to school (U = 22,642.0, p = 0.81,

r = 0.01; log rank: χ
2
1 = 0.059, p = 0.81). Adolescents with ADHD (median days =

14, IQR = 10–20, range = 2–80) did not take longer than those without ADHD (median

days = 15, IQR = 10–21, range = 1–210) to return to sports (U = 20,295.0, p = 0.38,

r = 0.04; log rank: χ
2
1 = 0.511, p = 0.48). Medication status and concussion history

were not associated with longer recovery times. Adolescents with ADHD did not take

longer to functionally recover following concussion. Recovery times did not differ based

on whether adolescents with ADHD reported taking medication to treat their ADHD or

whether they reported a prior history of concussion.

Keywords: attention deficit hyperactivity disorder (ADHD), mild traumatic brain injury, injury surveillance, brain

trauma, outcome research, prognosis

INTRODUCTION

A concussion is a mild traumatic brain injury (1). Primary care pediatrics is the most common
initial point of concussion care for children (2). In a recent survey of pediatricians, essentially
all (99%) had treated at least one patient, and half (50%) had treated six or more patients for
concussion in the previous year (3). Professional consensus statements have identified attention-
deficit/hyperactivity disorder (ADHD), a common neurodevelopmental disorder marked by
problems with inattention, difficulty concentrating, poor impulse control, and excessive activity (4),
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as an important preexisting health condition to consider with
regard to concussion management and recovery (5–7). Youth
with ADHD are at greater risk of bodily injuries (8–11) and have
a greater lifetime history of concussions (12–16) compared to
those without ADHD. Pediatricians also play a central role in
treating andmanaging ADHD. Almost half of youth with ADHD
(42%) receive treatment for their symptoms solely through their
primary care physician (17).

Most concussed children and adolescents experience rapid
symptom improvement during the first 2 weeks after injury,
and symptoms lasting longer than 1 month are considered
“persistent” (1). Although studies of more severe forms of
neurotrauma suggest that ADHDmight be associated with worse
outcome (18–20), the role of ADHD as a risk factor for prolonged
symptoms or worse outcome following sport-related concussion
remains poorly understood. A systematic review examining
predictors of clinical recovery from concussion concluded that
available studies do not support an association between ADHD
and worse clinical outcome (21). A follow-up systematic review
focused specifically on the role of preexisting ADHD as a risk
factor for prolonged symptoms or worse outcome following
concussion identified several major limitations regarding the
available literature that preclude definitive conclusions (22).
For example, only one study to date has been specifically
designed to examine if ADHD was associated with prolonged
concussion recovery and that study did not find an association
(23). Moreover, two-thirds of the studies included fewer than 15
ADHD cases, no studies examined time to return to school as an
outcome, no studies examined whether youth with ADHD who
are taking medication experience different recovery trajectories,
and no studies considered or controlled for prior concussions
as an important potential covariate (22). Using a large, injury
surveillance database, the current study sought to prospectively
examine whether adolescents with ADHD have prolonged return
to school and sports following concussion compared to those
without ADHD, and whether medication status and concussion
history are associated with recovery time. We hypothesized that
having ADHDwould not be associated with longer recovery time.

MATERIALS AND METHODS

Participants
This is a prospective observational cohort study of adolescent
student athletes throughout the state of Maine, USA, conducted
between 2014 and 2019 (5 academic years). Athletic trainers or
another school official used the Head Injury Tracker (HIT), a free
injury surveillance application created by the Maine Concussion
Management Initiative, to monitor concussion recovery. In the
first year, the HIT was deployed to 4 schools, 28 schools were
enrolled during the second year, and by the final year, it was used
in 10 schools. The HIT database includes 673 adolescents aged
14–19 years who sustained a sport-related concussion between
September 2014 and June 2019. From this original sample, 30
were excluded because dates were missing for both return to
school and return to sports, and 20 were excluded because
of problematic dates that, because of data deidentification

procedures, could not be confirmed/checked for accuracy and
had a high probability of being data entry errors.

The final sample included 623 adolescents aged 14–19 years
(mean = 16.3, standard deviation = 1.3 years). The sample was
almost equally split between girls (n = 273, 43.8%) and boys
(n = 350, 56.2%). Of these athletes, 90 (14.4%) self-reported
a preinjury history of ADHD. A higher proportion of boys
reported having preinjury ADHD compared to girls (19.7 vs.
7.7%, χ

2 = 17.94, p < 0.001). For boys, the sports played at
the time of injury were football (36.9%), soccer (20%), basketball
(9.1%), lacrosse (8.6%), ice hockey (6.9%), and several other
sports (18.5%). For girls, the sports played at the time of injury
were soccer (34.8%), basketball (12.1%), spirit squad (12.1%),
field hockey (8.1%), ice hockey (5.1%), and several other sports
(27.8%). Among the students with ADHD, 37 (41.1%), self-
reported taking medication to treat their ADHD.

Date of return to school was not available for 12 participants
(1.9%), and date of return to sports was not available for 35
participants (5.6%). Rates of missing outcome data did not differ
between sexes (missing school return data: boys = 2.3%, girls
= 1.5%, χ

2
1 = 0.55, p = 0.46; missing sports return data: boys

= 5.7%, girls = 5.5%, χ
2
1 = 0.01, p = 0.91), and there were no

differences in rates of missing outcome data based on ADHD
status (missing school return data: ADHD = 2.2%, no ADHD
= 1.9%, χ2

1 = 0.05, p = 0.83; missing sports return data: ADHD
= 4.4%, no ADHD= 5.8%, χ2

1 = 0.27, p= 0.60).

Measures
Demographic, Health History, and Injury Information

Demographic and self-reported health history information was
collected from the adolescents. Injury information collected by
an athletic trainer or other school official included the concussion
date and the scenario in which the concussion occurred (e.g.,
team vs. not team activities).

Recovery Time

Athletic trainers or other school officials entered the date students
returned to school (full time without accommodations) and the
date they returned to sports (completed return to play protocol)
following their concussion. Recovery time was calculated as the
number of days between the injury date and the date of return to
school and the date of return to sports.

Procedures
The HIT application is an online injury surveillance platform.
When an adolescent sustained a concussion, an athletic trainer
or school official entered information about the injury and their
recovery via smartphone or webpage. All athletic trainers/school
officials involved in data collection completed an online training
about the HIT application format and the process for entering
information. Adolescents and schools were not compensated
for their participation. A dedicated HIT project coordinator
provided technical assistance and data collection oversight.
Institutional review board approval for the creation of the
deidentified database and its use for research was obtained.

Frontiers in Pediatrics | www.frontiersin.org 2 January 2021 | Volume 8 | Article 606879

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Cook et al. Concussion Recovery and Pediatric ADHD

TABLE 1 | Summary of demographic and health history information between

groups with ADHD and without ADHD.

Total sample ADHD No ADHD

(N = 623) (n = 90) (n = 533)

Age, mean (SD), years 16.3 (1.3) 16.4 (1.3) 16.3 (1.3)

Female gender, n (%) 273 (43.8) 21 (23.3) 252 (47.3)

Number of prior

concussions, mean (SD)

0.5 (0.9) 0.7 (1.0) 0.5 (0.9)

Zero prior concussions

(n, %)

424 (68.1) 53 (58.9) 371 (69.6)

1 prior concussion, n

(%)

122 (19.6) 23 (25.6) 99 (18.6)

2 prior concussions, n

(%)

51 (8.2) 9 (10.0) 42 (7.9)

3 or more prior

concussion, n (%)

26 (4.3) 5 (5.5) 21 (3.9)

Migraine history, n (%) 71 (11.4) 13 (14.4) 58 (10.9)

Depression history, n (%) 51 (8.2) 17 (18.9) 34 (6.4)

Depression medication,

n (%)

32 (5.1) 11 (12.2) 21 (3.9)

ADHD, attention-deficit/hyperactivity disorder.

Statistical Analyses
The outcome variables (days to return to school and days to
return to sports) were non–normally distributed; thus, Mann-
Whitney U tests were employed to assess whether adolescents
with ADHD took longer to return compared to those without
ADHD. Survival analysis (Kaplan–Meier with log rank tests)
was used to compare the recovery times of adolescents with
and without ADHD (censored at 28 days). To maximize the
clinical relevance of these findings, each adolescent’s return to
school/sports status was also dichotomized (i.e., returned or not)
at various recovery benchmarks (e.g., 1 week, 10 days, 2 weeks,
etc.) and χ

2 tests compared the proportion of those with and
without ADHD who had not yet returned to school or sports
at these various time points. Cumulative recovery curves were
constructed to visually display the proportion of adolescents who
returned to school or sports over time. The Mann–Whitney
U-test Z-values were used to calculate a non-parametric effect
size r, where r= Z√

N (24), which was interpreted according to

conventional guidelines, i.e., r = 0.1 (small), r = 0.3 (medium),
and r = 0.5 (large) (25). For χ

2 tests, odds ratios (ORs) were
computed as effect sizes (26) and interpreted according to widely
used criteria (27), i.e., ORs between 1.2 and 1.71 (small), ORs
between 1.72 and 2.4 (medium), and ORs >2.4 (large). All
statistical analyses were conducted using IBM SPSS Statistics 25.

RESULTS

Descriptive Data
Demographic characteristics of the sample are presented in
Table 1, and descriptive statistics for days to return to school and
sports are presented in Table 2. Students’ age was not associated
with days to return to school (Spearman ρ = −0.06, p = 0.14)
or days to return to sports (ρ = 0.01, p = 0.86). Days to

return to school was significantly positively correlated with days
to return to sports (ρ = 0.63, p < 0.001). The ADHD group
contained a significantly greater proportion of boys (76.7%)
compared to the no-ADHD group (52.7%), χ

2
1 = 17.94, p <

0.001. However, among the full sample, girls and boys did not
differ on days to return to school (U = 43,193.0, p = 0.19) or
sports (U = 41,644.5, p= 0.65). Youth with ADHD (41.1%) were
more likely than those without ADHD (30.4%) to report having
a prior concussion, χ2

1 = 4.07, p = 0.04. A greater proportion of
youth with ADHD (18.9%) self-reported a history of depression
compared to youth without ADHD (6.4%), χ

2
1 = 16.03, p <

0.001. Among youth reporting a history of depression, rates
of medication to treat depression were similar between youth
with ADHD (64.7% reporting medication) and without ADHD
(61.8% reporting medication).

Return to School
Cumulative recovery curves displaying the proportion of
adolescents with and without ADHD who returned to school
over time are presented in Figure 1. Adolescents with ADHD
(median = 7) did not take longer to return to school than those
without ADHD (median = 7; U = 22,642.0, p = 0.81, r =
0.01). The survival distributions for days to return to school
did not differ between students with or without ADHD (log
rank: χ2

1 = 0.059, p = 0.81). Adolescents with ADHD were not
more likely to remain out of school at 3, 5, 7, 10, 14, 21, or 28
days following injury (all p’s > 0.05, ORs range from 0.72 to
1.20; Table 3). Approximately one-third of students (ADHD =
35.2%, no ADHD = 33.7%) returned to school within 4 days
of concussion, and two-thirds (ADHD = 64.8%, no ADHD =
67.5%) returned within 10 days. Few students had not returned
fully to school by 28 days after injury (ADHD = 6.8% not
returned, no ADHD= 5.7% not returned).

Return to Sports
Cumulative recovery curves displaying the proportion of
adolescents with and without ADHDwho returned to sports over
time are presented in Figure 2. Adolescents with ADHD (median
= 14) did not take significantly longer to return to sports than
those without ADHD (median= 15; U = 20,295.0, p= 0.38, r =
0.04). The survival distributions for days to return to sports did
not differ between those with and without ADHD (log rank: χ2

1
= 0.511, p= 0.48). Adolescents with ADHDwere not more likely
to remain out of sports at 7, 10, 14, 21, or 28 days following injury
(all p’s > 0.05, ORs range from 0.76 to 0.97; Table 3). Nearly all
students (ADHD = 88.4%, no ADHD = 88.6%) took more than
7 days to return to sports. Approximately half of the adolescents
(ADHD= 53.5%, no ADHD= 49.4%) returned to sports within
14 days of concussion. Between 13 and 14% of students had not
returned to sports by 28 days after injury (ADHD = 12.8% not
returned, no ADHD= 13.9% not returned).

Use of Medication and Recovery Time for
Adolescents With ADHD
Adolescents with ADHD who were not taking medication
(median= 6) did not take significantly longer to return to school
than those with ADHDwho reported taking medication (median
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TABLE 2 | Number of days to return to school and sports by ADHD status, gender, and prior concussion subgroups.

Days to return to school Days to return to sports

n Mean Median SD IQR Range Days until

90% return

n Mean Median SD IQR Range Days until

90% return

Total sample 611 11.0 7 17.2 3–13 0–231 23 588 19.6 14.5 21.5 10–21 1–210 34

No ADHD 523 11.2 7 18.2 3–13 0–231 23 502 19.9 15 22.7 10–21 1–210 34

ADHD 88 9.5 7 9.3 3–13 0–45 21 86 17.5 14 12.9 10–20 2–80 34

ADHD,

medication

36 10.1 8 9.5 3–12 0–45 21 34 18.5 14 12.8 9–22.75 5–53 42

ADHD, no

medication

52 9.2 6 9.2 3–13.75 0–41 17 52 16.9 14 13.1 10–18 2–80 28

Boys 342 10.9 7 19.1 3–12.25 0–231 21 330 19.3 14 20.1 10–21 2–210 34

Girls 269 11.1 7 14.6 3–14 0–177 25 258 20.0 15 23.3 10–21 1–207 35

No ADHD boys 275 11.3 7 20.8 3–12 0–231 21 264 19.7 14 21.5 11–21 2–210 34

ADHD boys 67 9.5 7 9.2 3–13 0–41 25 66 17.4 14 13.4 9–21 2–80 34

No ADHD girls 248 11.2 7 14.9 3–14 0–177 26 238 20.2 15 24.0 10–21.25 1–207 35

ADHD girls 21 9.7 7 9.8 4–12.5 1–45 17 20 17.9 16 11.6 11–18 5–53 21

ADHD prior

concussion

36 7.5 6.5 5.6 3–11 0–21 16 35 16.4 13 13.4 10–20 5–80 22

ADHD no prior

concussion

52 10.9 7 11.0 3.25–14 0–45 29 51 18.3 14 12.7 10–25 2–56 35

No ADHD prior

concussion

160 12.7 6 26.7 3–13 0–231 21 147 22.6 15 29.5 10–24 3–207 35

No ADHD no

prior concussion

363 10.6 7 12.8 3–14 0–131 24 355 18.8 15 19.1 10–21 1–210 34

ADHD, attention-deficit/hyperactivity disorder; SD, standard deviation; IQR, interquartile range.

= 8;U = 860.5, p= 0.52, r= 0.07). Adolescents with ADHDwho
were not taking medications (median = 14) did not take longer
to return to sports than those with ADHD who reported taking
medication (median= 14;U = 851.0, p= 0.77, r= 0.03). Rates of
adolescents with ADHDwho remained out of school at 3, 5, 7, 10,
14, 21, or 28 days and sports at 7, 10, 14, 21, or 28 days following
injury did not differ between those who did and did not report
taking ADHD-medication (all p’s > 0.05).

Concussion History and Recovery Time for
Adolescents With ADHD
Adolescents with ADHD and a history of prior concussion
(median= 6.5) did not take longer to return to school than those
with ADHD and no history of prior concussion (median = 7;
U = 815.5, p = 0.31, r = 0.11). Adolescents with ADHD and a
history of prior concussion (median= 13) did not take longer to
return to sports than those with ADHD and no history of prior
concussions (median= 14; U = 822.5, p = 0.54, r = 0.07). Rates
of adolescents with ADHD who remained out of school at 3, 5, 7,
10, or 14 days following injury did not differ between those with
and without a history of prior concussion (p’s > 0.05). By 21 days
following injury, all students with ADHD and prior concussions
(100%) had returned to school, compared to 84.6% of students
with ADHD and no prior concussions at 21 days (χ2

1 = 6.09, p=
0.01) and 88.5% of these students at 28 days (χ2

1 = 4.46, p= 0.04).
Rates of adolescents with ADHD who remained out of sports at
7, 10, 14, 21, or 28 days following injury did not differ between

those who did and did not report a history of prior concussion
(all p’s > 0.05).

DISCUSSION

This is the first prospective study of concussion recovery
specifically designed to examine whether ADHD is associated
with worse outcome (vs. examining ADHD in secondary
analyses), the largest study to date examining whether youth
with ADHD are at risk of worse outcome following sport-related
concussion and the first to examine days to return to school as an
outcome. We leveraged data from a statewide injury surveillance
platform that was integrated into school-sponsored athletics to
examine 90 adolescents with ADHD. There were no differences
between adolescents with ADHD and those without ADHD in
days to return to school full time without accommodations or
days to return to sports following concussion. Nearly all available
studies have also found no statistically significant association
between ADHD and worse clinical outcome from concussion,
although many were hampered methodologically by small or
very small sample sizes (23, 28–38), typically fewer than 15
ADHD cases (22). The two prior studies that found a significant
association between ADHD and longer concussion recovery both
included samples drawn from specialty concussion clinics (39,
40), which likely represent a select subgroup of adolescents who
sustain concussion and are referred for specialty care. The current
sample was drawn from school-based athletics using a statewide
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FIGURE 1 | Days to return to school (cumulative percentage curves). Cumulative percentage curves by group of time to return to school. The featured percentages are

as follows: 1 day (10.2% of those with ADHD, 11.5% of those without ADHD), 3 days (29.5% of those with ADHD, 27.3% of those without ADHD), 5 days (43.2% of

those with ADHD, 40. 7% of those without ADHD) 7 days (54.5% of those with ADHD, 55.3% of those without), 10 days (64.8% of those with ADHD, 67.5% of those

without ADHD), 14 days (83.0% of those. with ADHD, 77.8% of those without), and 21 days post injury (90.9% of those with ADHD, 88. 7% of those without ADHD).

concussion surveillance platform. Further, among the two prior
studies with positive findings, one included only eight youth with
ADHD (39), and the other included 13 youth with ADHD (40).
The current study included 90 adolescents with ADHD.

This study is also novel in that it is the first to examine
whether youth with “treated” vs. “untreated” ADHD experience
different concussion recovery. Among adolescents with ADHD,
recovery times did not differ based on whether students reported
taking medication to treat their ADHD. Additionally, youth with
ADHD were more likely than those without ADHD to report
having sustained a prior concussion, which is consistent with
multiple prior studies (12–16). However, few prior studies have
directly investigated whether prior concussions are associated
with concussion recovery among those with ADHD. Concussion
history is an important covariate because youth with ADHD
report a greater lifetime history of concussion (13–15), and there
is mixed evidence that those with prior concussions are at risk
of worse clinical outcomes (21). In this study, adolescents with
ADHD and prior concussions did not take longer to recover
compared to those with ADHD and no prior concussions.

This study includes a comprehensive investigation of
functional recovery, investigating how long it took for
adolescents to return to school and to return to sports. Some

prior studies define recovery in terms of symptom reporting
and/or medical clearance (28, 30, 31, 39, 40). Our functional
outcomes may make this study more clinically relevant and
may control for potential confounders related to baseline
differences in concussion-like symptom reporting in adolescents
with ADHD (41). Moreover, school return is a highly relevant
outcome for adolescents with ADHD because they are at risk
of negative academic outcomes in the absence of concussion
(42) and frequently have co-occurring specific learning disorders
(43, 44).

The null findings that youth with ADHD, as a group, are
not more likely to take longer to recover following concussion
and that ADHD medication status did not influence recovery
times are clinically important. There are several potentially
complicating and confounding factors for clinicians to consider
when determining “recovery” following concussion for youth
with ADHD. First, youth with ADHD endorse many and diverse
concussion-like symptoms in their daily lives (in the absence
of recent concussion), including symptoms that “overlap” with
ADHD, such as difficulty concentrating, but also symptoms
that are not necessarily reflective of ADHD, such as headaches,
dizziness, fatigue, and light sensitivity (41, 45–50). In fact, in the
absence of recent concussion, many youth with ADHD endorse

Frontiers in Pediatrics | www.frontiersin.org 5 January 2021 | Volume 8 | Article 606879

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Cook et al. Concussion Recovery and Pediatric ADHD

TABLE 3 | χ2 Analyses comparing the percentage of students with ADHD and without ADHD who returned to school and sports at various time points after injury.

ADHD (n = 88) No ADHD (n = 523)

% % χ
2 p OR (95% CI)

Return to school

3 days 29.5 27.3 0.18 0.67 0.90 (0.55–1.48)

5 days 43.2 40.7 0.19 0.67 0.90 (0.57–1.43)

7 days 54.5 55.3 0.02 0.90 1.03 (0.65–1.62)

10 days 64.8 67.5 0.25 0.62 1.13 (0.70–1.81)

14 days 83.0 77.8 1.18 0.28 0.72 (0.40–1.30)

21 days 90.9 88.7 0.37 0.54 0.79 (0.36–1.71)

28 days 93.2 94.3 0.16 0.69 1.20 (0.49–2.98)

ADHD (n = 86) No ADHD (n = 502)

% % χ
2 p OR (95% CI)

Return to sports

7 days 11.6 11.4 0.01 0.94 0.97 (0.48–1.99)

10 days 31.4 25.7 1.22 0.27 0.76 (0.46–1.24)

14 days 53.5 49.4 0.49 0.48 0.85 (0.54–1.34)

21 days 80.2 75.9 0.77 0.38 0.78 (0.44–1.37)

28 days 87.2 86.1 0.08 0.77 0.91 (0.46–1.79)

ADHD, attention-deficit/hyperactivity disorder; OR, odds ratio (values <1.0 indicate that a greater percentage of students with ADHD had returned by that time point); CI,

confidence interval.

symptoms across a number of domains and would meet the
International Classification of Diseases, 10th Revision symptom
criteria for postconcussional syndrome (41, 46). Second, youth
with ADHD perform differently on neurocognitive (48–53) and
balance (45, 52) concussion assessments in the absence of recent
head injury. Third, it is relatively common for youth with
ADHD to present with co-occurring anxiety and depression
(44), and these comorbidities are associated with concussion-
like symptom reporting (46) and prolonged concussion recovery
(28, 34, 38). Thus, determining recovery can be quite challenging,
and clinicians are encouraged to adopt a holistic, biopsychosocial
perspective when assessing and conceptualizing an adolescent’s
clinical status (54), especially when many weeks or months have
passed since the concussion and clinicians are attempting to
determine whether or the extent to which ongoing symptoms are
associated with the concussion and/or other factors.

Limitations
The health history information, including ADHD status, ADHD
medication status, and concussion history, was self-reported. We
were not able to verify the accuracy of adolescent self-reported
health history, nor did we have details about their diagnoses,
such as by whom their ADHD was diagnosed (e.g., their
general practitioner/pediatrician, psychiatrist, psychologist, etc.)
or medication treatment (e.g., specific medication, formulation,
or dose). This limitation is common in sport concussion
research. Notably, adolescent athletes asked about their health
history an average of 2 years apart are highly consistent in
their report of their concussion history and whether they have
ADHD (55). Future studies would advance our knowledge
by seeking to confirm ADHD status via methods such as
parent confirmation, medical chart linkage, ADHD symptom

questionnaires, and/or structured diagnostic interview, as well
as collecting additional data about student athletes’ ADHD
diagnoses, such as age at onset and who provided their
diagnosis. Moreover, these data were collected in the course of
routine clinical care, primarily by athletic trainers; thus, there
is likely variability in how concussions were defined/diagnosed.
Similarly, there were likely differences in how some school
personnel defined return to school and return to sports.
There was training and ongoing technical support provided
to promote data collection quality. However, some of the
return-to-school data likely represented when the adolescent
returned to school, not when they were back to school without
accommodations. We were not able to analyze the results
separately by school to determine the extent of potential
variability between schools. This study examined time to return
to school and sports, but data were not available regarding
success or problems encountered during return or the specific
accommodations and academic modifications students required
or received, which represents an important area for future
research. Moreover, we did not have acute post-injury assessment
data to characterize the severity of all concussions. Lastly, co-
occurring depression was more prevalent among those with
ADHD compared to those without ADHD. We did not attempt
to control for this difference because ADHD is commonly
comorbid with depression (44); thus, excluding cases with
comorbid depression or otherwise controlling for this covariate
would have substantially decreased the representativeness of our
ADHD sample.

Conclusion
Adolescents with ADHD did not take longer to functionally
recover following concussion. Among adolescents with ADHD,

Frontiers in Pediatrics | www.frontiersin.org 6 January 2021 | Volume 8 | Article 606879

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Cook et al. Concussion Recovery and Pediatric ADHD

FIGURE 2 | Days to return to sports (cumulative percentage curves). Cumulative percentage curves by group of time to return to sports. The featured percentages

are as follows: 7 days (11.6% of those with ADHD, 11.4% of those without), 10 days (31.4% of those with ADHD, 25.7% of those without ADHD), 14 days (53.5% of

those with ADHD, 49.4% of those without), and 21 days post injury (80.2% of those with ADHD, 75.9% of those without ADHD).

taking ADHD medication was not associated with recovery time
or having a prior concussion history. These findings suggest that
a preexisting history of ADHD, in and of itself, is not a risk factor
for prolonged recovery or worse outcome following concussion.
Additional research is needed to determine if there are other
vulnerability factors in youth with ADHD that confer risk of
worse outcome.
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