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Objectives: Immediately after experiencing a concussion, many will report the presence of a variety of
symptoms, whichmay include disturbances in sleep. It is possible that these symptoms and other resulting
quality of life (QOL) disturbances may persist for some time following a concussion. The purpose of this
study was to determine if a history of concussions was related to ongoing sleep disturbances, symptoms,
and changes in QOL.
Methods: Eighty-two student-athletes (club and varsity) completed an online survey to determine concus-
sion history, sleep disturbances, concussion symptoms, and QOL dysfunctions. Separate analyses of vari-
ance were performed to determine if sleep disturbances, symptoms, and QOL dysfunctions were related
and if they differed based on concussion history (0, 1-2, 3+).
Results: Those with no concussion history reported fewer sleep disturbances (P = .028), symptoms (P =
.029), symptom severity (P = .014), QOL dysfunctions (P = .003), and QOL severity (P = .011) than

those who self-reported having had a previous concussion(s). Additionally, the number of sleep distur-
bances was found to positively correlate with symptoms (P b .001), symptom severity (P b .001), QOL dys-
functions (P = .001), and severity of QOL dysfunctions (P = .002).
Conclusions: The results of the current study demonstrate that concussion history is related to persistent
changes in sleep, ongoing symptoms, and QOL dysfunctions and should be considered in concussion man-
agement protocols even after return to play and academics has occurred.

© 2018 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

The current issue of concussions and traumatic brain injuries has
been viewed as an increasing public health problem1 and a silent ep-
idemic worldwide.2 This is due to the increasing number of concus-
sions that are being reported and the subsequent physical and
mental health burdens associated with their occurrence.3 The term
concussion is defined as a complex pathophysiological process affect-
ing the brain induced by traumatic biomechanical forces and typi-
cally results from a forceful, direct blow to the head that may or
may not cause a loss of consciousness.4 The occurrence of a concus-
sion leads to a complex neurometabolic cascade,5 with individuals
who experience a concussion typically displaying a rapid onset of
neurological impairments that gradually resolve over time.4 Individ-
uals who sustain a concussion may exhibit a variety of physical signs
(eg, amnesia), symptoms (eg, somatic, cognitive, and/or emotional),
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impairments in balance and cognition, changes in behavior, aswell as
sleep/wake disturbances.4 These signs and symptoms often subside
within 7-10 days of the injury.6 In some cases, however, recovery
may be prolonged for weeks or months.

Many individuals who suffer from a concussion report symptoms
that affect sleeping patterns in the form of sleep disturbances and
changes in sleep duration.7–11 Research suggests that 30%-80% of
people suffering from concussions experience problems such as in-
somnia, increased time falling asleep, difficulty remaining asleep,
and increased fatigue or feelings of tiredness throughout the
day.12,13 Sleep disturbances and sleep duration are terms that are
often used interchangeably but are typically misinterpreted. Accord-
ing to Mahmood et al,14 sleep disturbances are indications of disrup-
tion during sleep, such as sleep length, whereas Ouellet et al15 use
the term to indicate the presence of clinical sleep disorders.

Getting proper sleep during the initial recovery stagemay be bene-
ficial and help decrease the likelihood of experiencing prolonged
symptoms or developing post-concussion syndrome.7,8 A current hy-
pothesis is that the restorative effect of sleepmay be beneficial in help-
ing restore brain energy patterns that have been dysregulated due to a
.
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Table 1
Participant demographic information

Variable No. of participants

Sex
Male 29
Female 52
Choose not to respond 1

Sport level
Club 47
Varsity 35

Concussion history
0 40
1-2 29
3+ 13

Table 2
Sports played by participants

Sport No. of participants

Baseball 15
Soccer 13
Softball 11
Ultimate Frisbee 6
Track and field/cross-country 6
Rugby 6
Lacrosse 5
Volleyball 4
Football 4
Basketball 4
Field hockey 2
Other sports 6
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concussion.7 A concussed brain requires adequate sleep during the re-
covery process to heal and restore the electrochemical balance.7,16 Al-
tered sleep patterns and sleep disturbances post-concussion hinder
the body's ability to recover and restore cognitive and physical func-
tions, therefore prolonging the recovery phase.7 Research has shown
that adolescents who perceive that their sleep is disrupted during the
initial recovery process report a greater number and severity of concus-
sion symptoms, which are correlated with functional and social
disability 3 months post-concussion.17,18 Sleep disturbances in the
acute post-concussion recovery period have been shown to predict
decrements in quality of life (QOL) such as symptoms of depression,
anxiety, and apathy 1 year postinjury.19 Excessive sleep (hypersomnia)
during the initial recovery period may indicate continued and
prolonged active recovery from a concussion.17

Changes in sleep quality and quantity after a concussion have been
related to decreasedQOL including diminished engagement in physical
activity/sport, academic performance, and social/leisure activities.20

Changes in sleep patterns that inhibit adequate nonrapid eye move-
ment sleep, which is important for energy conservation and nervous
system recuperation,21 result in decreased physiological processes
thatmay hindermuscular recovery and immune responses.21 The hin-
dering ofmuscle recovery and repair often produces excess fatigue and
muscle soreness, resulting in decreased athletic performance. Poor
sleep quality also induces higher levels of anxiety which may result
in decreased athletic and physical performance.20 Depression-like
symptoms resulting from sleep disturbances have a direct effect on
the impairment of daily functioning and overall QOL because those
experiencing decreased mood or depression-like symptoms are likely
to withdraw from and limit social interactions.22 Although the effects
of sleep disturbances on concussion recovery seem to be significant,
there is a lack of research regarding concussion-related sleep distur-
bances, particularly the impacts on QOL

The purpose of this study was to determine the effects of concus-
sion history on sleep, symptoms, and an individual's overall QOL. It
was hypothesized that individuals who have suffered from a previous
concussionwill have a greater number of persistent sleep disturbances,
symptoms, and QOL dysfunctions than individuals without a history of
concussions. Concussion-related persistent sleep disturbances will also
be associated with more symptoms and decreased QOL.

Methods

Participants

A total of 82 collegiate club and varsity student-athletes, not cur-
rently recovering from a concussion, from a small, private liberal arts
college in the southeastern part of the United States were recruited to
participate in the study via e-mail and social media platforms. Student-
athletewas operationally defined as someone who had participated at
either varsity or club level at the university. The goal of selecting this
population was to sample from a population that would be more likely
to experience a concussion. The participants ranged in age from18 to25
years old (average= 20.3± 1.5 years). Participants were asked to pro-
vide information concerning sport currently playing, level of sport (var-
sity or club), and self-reported concussion history (0, 1-2, or 3+). Self-
reported demographic information for the participants is presented in
Table 1. Table 2 provides information about sport participation for the
sample. All participants provided written consent which was approved
by the university's institutional review board.

Measures

Sleep disturbances
The number of sleep disturbances that they were currently

experiencing was determined by the number of items that the
participant checked off from the following items which are com-
monly reported sleep disturbances: difficulty falling asleep, restless-
ness, sleeping too much, sleeping too little, difficulty staying asleep,
and fatigue. The participants were also able to report other sleep dis-
turbances. For this study, the total number of sleep disturbances was
added together to determine a sleep disturbances score.

Concussion symptoms
Concussion symptoms were self-reported using the 16-question

Rivermead Post-Concussion Symptom Questionnaire (RPQ)23 The
RPQ evaluates commonly reported concussion symptoms on a
5-point Likert scale (0 = not experienced at all, 1 = no more of a
problem/symptom is unchanged; 2 = mild problem; 3 = moderate
problem; 4 = severe problem).23 The participants were asked to re-
port whether or not they currently suffered from any of the symp-
toms at the time of the survey. Total concussion symptom severity
was calculated based on the individual responses to each question
of the RPQ. Higher total scores indicated increased post-concussion
symptom severity, with a maximum score of 64.23 This test has
high test-retest reliability and is widely used in concussion
research.19

QOL dysfunctions
Functional and social QOL parameters were determined using an

adaptation of the Rivermead Head Injury Follow-Up Questionnaire
(RHFUQ), which is a 5-point self-report Likert scale (0 = no difficulty;
1=mild difficulty; 2=moderate difficulty; 3= severe difficulty; 4=
unable to engage in activity).24 This Likert scale was a slight modifica-
tion from the original scale in that the original asked participants to
rate based upon change prior to injury. This change was made to
allow for participants who had not reported a concussion to be able
to complete. Participants were asked to report if they were currently
having difficulty with any of the 10 aspects of overall QOL, including
subjective ratings of work outcomes, relationships, social, domestic,
and leisure activities.24 Total QOL dysfunction was calculated based
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Fig. 1. Total number of sleep disturbances by number of concussions.
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on the individual responses to each question of the RHFUQ. Higher
total scores indicated decreased quality of life, with a maximum score
of 40. This is a reliable measure of functional and social outcomes be-
cause the scores correlate with the RPQ.19

Procedure

The electronic survey was administered in the Google Forms and
distributed to collegiate club and varsity student-athletes via e-mail
and socialmedia platforms. Informed consentwas provided to partic-
ipants before completing the survey, and each participant was made
aware that they could withdraw from the study at any given time.
Participants were asked to report as accurately as possible demo-
graphic information including age, sex, sport, concussion history,
and medical history as well as questions related to the number of
sleep disturbances experienced and the RPQ and RHFUQ
questionnaires.

Statistical analysis

All data were analyzed using SPSS 23 (IBM) with an α level of
b.05. One-way analyses of variance were conducted to quantify the
effects of concussion history (0, 1-2, and 3+ concussions) and sport
level (varsity and club) on total number of sleep disturbances, con-
cussion symptoms, severity of symptoms, total number of QOL dys-
functions, and severity of QOL dysfunctions.1

Least significant difference post hoc tests were performed on all
significantfindings to determinewhich of the groupswas responsible
for the significant effects. Correlation analyses were completed be-
tween total sleep disturbances with the number severity of symp-
toms, and the number and severity of QOL dysfunctions.

Results

Sleep disturbances

Themost common sleep disturbances reportedwere fatigue (n=
26, 32%), sleeping too little (n= 22, 27%), restlessness (n= 20, 24%),
difficulty falling asleep (n = 20, 24%), difficulty staying asleep (n =
1 Preliminary analyses examined to see if sport level (varsity vs club) influenced any
of the dependent variables in the study and foundno differences; therefore, thesewere
not included in our analyses.
11, 13%), and sleeping too much (n = 10, 12%). There were signifi-
cant differences among the 3 concussion groups for total number of
sleep disturbances (F = 3.73, P = .028). Post hoc analyses revealed
that the 0 concussion group had significantly fewer sleep distur-
bances than those with 3+ concussions (P = .012; Fig. 1).

Total concussion symptoms and severity

The most common symptoms reported from the RPQ were head-
aches (n= 45, 55%), poor concentration (n= 41, 50%), fatigue (n=
40, 49%), forgetfulness/poor memory (n = 39, 48%), feeling frus-
trated or impatient (n = 36, 44%), and sleep disturbances (n = 33,
40%). There were significant differences among the 3 groups for
total concussion symptoms (F=3.72, P= .029) and symptom sever-
ity (F=4.51, P= .014). For total number of symptoms, the 0 concus-
sion group reported fewer symptoms than both the 1-2 concussion
group (P = .020) and the 3+ concussion group (P = .046; Fig. 2).
For severity of symptoms, a similar pattern was displayed in that
the 0 concussion group reported less severe symptoms than the
other 2 groups (1-2 concussions, P = .012; 3+ concussions, P =
.024; Fig. 2).

Total QOL dysfunctions and severity

The most common QOL dysfunctions reported were finding work
more tiring (40%), ability tomaintain your previouswork loador quality
of work/school work (38%), the ability to cope or handle family de-
mands (21%), and the ability to maintain conversation with 1 or more
individuals (21%). There were significant differences among the 3
groups for total number of QOL dysfunctions (F= 6.20, P = .003) and
QOL dysfunction severity (F=4.34, P= .016). For number of QOL dys-
functions, the effect is attributable to the 0 concussion group having
fewer dysfunctions than the 1-2 concussions group (P = .005) and
the 3+ concussions group (P = .006; Fig. 3). Similarly, for severity of
QOL dysfunctions, the 0 concussion group reported lower severity
than the 1-2 concussion group (P = .034) and the 3+ concussions
group (P= .011; Fig. 3).

Correlations between sleep disturbances, symptoms, and QOL

In an effort to determine the relationship between sleep distur-
bances, symptoms, and QOL dysfunction, correlations were com-
puted. Sleep disturbances were significantly related to total number
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of symptoms (r = .54, P b .001), severity of symptoms (r = .48, P b

.001), number of QOL dysfunctions (r = .35, P = .001), and severity
of QOL dysfunctions (r = .34, P = .002).

Discussion

The purpose of this study was to determine the effects of concus-
sion history on sleep disturbances, symptoms, and QOL in collegiate
student-athletes. The results from the present study demonstrate
that concussion history is related to ongoing sleep disturbances, con-
cussion symptoms, and QOL dysfunctions. Additionally, the number
of sleep disturbances was found to correlate with symptoms and
QOL dysfunctions. This suggests that experiencing any number of
concussions can result in lingering, prolonged symptoms that can af-
fect sleep and QOL.25

Despite never experiencing a concussion, the 0 concussion group
reported concussion symptoms, sleep disturbances, and QOL dys-
functions. Gaultney26 found that 27% of the college population was
at risk for at least 1 sleeping disorder and explained that altered
sleep patterns due to a university setting, class schedules, and life-
style choices may lead to an increase in concussion-like symptoms
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respectively.27 Similarly, other preexisting conditions such as diagno-
sis with attention-deficit/hyperactivity disorder or previous treat-
ment for headaches, migraines, and psychiatric conditions (eg,
depression) have also been shown to influence in symptom reporting
behavior despite not having a concussion.28 The present study found
that although therewere only significant differences for total number
of sleep disturbances between the 0 concussion group and the 3+
concussion group, the number of symptoms and severity of differ-
ences were significantly different between the 0 concussion group
and both concussion groups. These findings are consistent with
those of Mathias and Alvaro who determined that 50% of people suf-
fered from some form of sleep disturbance after a concussion, which
is a much higher prevalence rate than in the general population.29

They are also consistent with previous work which found that the
more concussions one has, the more likely they are to experience in-
somnia and other sleep disturbances.30

There were significant differences between the 0 concussion group
and 1-2 concussions aswell as the 0 concussion group and 3+ concus-
sions for the number of QOL dysfunctions and severity of QOL
ncussions 3+ Concussions

OL Dysfunc�on Severity

= .011b

f concussions. aTotal QOL dysfunctions, bseverity of QOL dysfunction.



76 A.L. Blake et al. / Sleep Health 5 (2019) 72–77
dysfunctions. These results suggest that experiencing a concussion can
increase the number of QOL dysfunctions experienced, which has been
found in previous research.19,25 Similarly to Chan and Feinstein,19 the
current study also suggests that the presence of concussion-related
persistent sleep disturbances negatively impacts multiple QOL compo-
nents, as those with more sleep disturbances experienced significant
declines in QOL.

Understanding concussion-related persistent sleep disturbances
is an important topic because they are interrelated with post-
concussion symptoms, psychiatric disturbances, and functional dis-
ability, which are all factors that contribute to recovery from a con-
cussion and overall QOL.19 More specifically, proper sleep during
initial recovery heals and restores electrochemical balances in the
brain, alleviates the severity of symptoms, and improves
neurocognitive processes. Individuals who suffer from altered sleep
patterns during recovery may also suffer from prolonged or persis-
tent sleep disturbances even after the physical and cognitive symp-
toms diminish.21,22

Altered sleep quality and quantity following a concussion in colle-
giate student-athletes may also result in decreased overall sport and
academic performance.26 Changes in lifestyle and adapting to a col-
lege class and social schedule hinder previous sleep patterns in
healthy college students. College students, especially student-
athletes, are susceptible to excessive daytime sleepiness as a conse-
quence of sleep deprivation.26 Prolonged sleep disturbances after a
concussion, such as insomnia and difficulty falling asleep, lead to
changes in sleep/wake patterns and result in reduced sleep time,
which is often associated with lower grades and poorer performance
on academic examinations even in healthy individuals.26 Daytime
sleepiness from altered sleep quality and quantity following a con-
cussion may also result in lowered levels of attention and impaired
memory and decision making,31 thus hindering the ability to focus
during class and retain information. Research also suggests that ade-
quate, uninterrupted sleep may optimize learning and cognitive
functioning because sleep plays an important role in memory
consolidation.32 Indirectly, poor sleep also impedes the learning pro-
cess by reducing motivation, compromising health, or depressing
mood.26

Results from the current study may persuade medical profes-
sionals to implement objective and subjective sleep assessments to
assist current concussion protocols to properly return athletes to
physical activity.More research on this topic could result in improved
concussion recovery protocols, a better understanding of the com-
plex injury, and improved QOL for the vast number of individuals suf-
fering from concussions.

There are several limitations of the current study. A major limita-
tion of the current research study is that our sample size wasmodest
in size (N=82), and itwas difficult to assess if therewere differences
between sports because of the variability in sports sampled. The cur-
rent study was cross-sectional in design, and time from concussion
varied for each participant, which indicates that the participants
may be at different time points following recovery.

Based on the results of this study, future research is warranted in
this area. More systematic, longitudinal, and objective measures (ie,
activity/sleep trackers) would be valuable to the understanding of
concussions on prolonged disturbances in sleep, QOL, and symptom
reporting. This would also allow researchers to compare self-
reported symptoms to objective measures of sleep and activity.

Conclusions

The results of the current study demonstrate that following recov-
ery and return to normal activity from a concussion, sleep distur-
bances, symptoms, and QOL dysfunctions often still persist. These
data suggest that clinicians may need to follow up with student-
athletes more frequently following a concussion to ensure that full
recovery has beenmade. These persistent outcomes could greatly in-
fluence effective return-to-play and return-to-learn protocols.
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