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Background: Baseline concussion assessments are advocated to provide an objective preinjury point of comparison for deter-
mining the extent of postconcussion neurological deficits and to assist with return-to-activity decision making. Many factors,
including testing environment, proctor availability, and testing group size, can influence test accuracy and validity; however, it is
unknown how self-reported fatigue affects test scores.

Purpose: To investigate the influence of self-reported fatigue and patient sex on baseline concussion assessment scores.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Participants included 494 healthy Division I college student-athletes (221 women, 273 men; mean ± SD age, 20.0 ± 1.3
years). During preseason baseline testing, participants were asked to rate their fatigue on a scale from 0 to 100 based on how they
normally feel and function each day (0, completely exhausted; 100, completely awake and alert). Each participant then completed a
multimodal baseline concussion assessment, including a graded symptom checklist (number of symptoms endorsed and total
symptom severity score), Standardized Assessment of Concussion (SAC), Balance Error Scoring System (BESS), and CNS Vital
Signs computerized neurocognitive testing. Multiple linear regressions tested whether self-reported fatigue and sex predicted
baseline concussion examination scores.

Results: Athletes with higher self-reported fatigue levels (ß ¼ –0.014, P < .01) and female athletes (ß ¼ –0.216, P < .01) reported
more total symptoms. Being male (ß ¼ 0.856, P < .01) increased the likelihood of endorsing zero symptoms versus any symptoms
by a factor of 2.40. Women also had significantly higher SAC scores (ß¼ 0.569, P< .001), BESS scores (ß¼ –2.747, P< .001), and
CNS Vital Signs summary scores (ß¼ 4.506, P< .001). SAC, BESS, and CNS Vital Signs scores were not predicted by fatigue level
(P > .05).

Conclusion: Female athletes and fatigued athletes endorsed more symptoms and higher symptom severity at baseline. Using total
symptom endorsement and total symptom severity scores as part of the postinjury management is a common practice. The current
data suggest that levels of reported exhaustion can influence concussion assessment scores meant to represent a healthy baseline
and likely would interfere with postinjury assessment scores.
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An estimated 3.8 million concussions occur in sports and
recreational activities each year, with 6.2% at the collegiate
level.22,40 Current guidelines recommend a multifaceted
approach to evaluating and managing concussion that
includes assessing self-reported symptoms, neurocognitive
function, and motor control.5 Deficits in these outcomes
may last longer than typical recovery times and may lead
to late-life consequences, including increased risk for
depression and cognitive decline.15,16 Additionally,

suffering 1 concussion greatly increases one’s risk of sus-
taining a subsequent injury.17 The potential for these neg-
ative outcomes has led clinicians to a more conservative
approach to treating and managing concussion, including
annual baseline testing and gradual return-to-play proto-
cols. Baseline testing provides an individualized standard
to which athletes with concussion can be compared follow-
ing injury. Many factors can affect baseline test validity,
thereby complicating postinjury comparisons.

Testing environment and administration time can influ-
ence baseline concussion testing results. Current guide-
lines recommend that health care professionals avoid
administering these baseline tests during unusual times
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of the day or when the athlete may be physically or men-
tally fatigued.5 Athlete fatigue may negatively affect base-
line concussion assessment results. Given the growing
demands of training schedules,33 athletes typically obtain
less sleep than nonathletes,23 which can lead to increases in
negative moods, stress, and physical illness.24 Shorter total
sleep times have also been associated with higher levels of
reported fatigue,33 which may affect neurocognitive func-
tion,9 postural control,5 and symptom reporting.20,24,29

In addition to fatigue affecting baseline concussion eval-
uation performance, there are known sex differences
among baseline concussion assessments. Female athletes
typically report more total symptoms and greater aggre-
gate symptom severities than do males.4,9,37,39 Sex differ-
ences also exist in Standardized Assessment of Concussion
(SAC) scores, in that females tend to score better than
males.35 While some authors have found that females per-
formed better than males on the Balance Error Scoring
System (BESS),35 others have not observed these sex differ-
ences.19 In neurocognitive testing, sex differences in visual
and verbal memory domains have been observed9,10,12 but
not in the overall summary score.18

Although baseline concussion assessments can differ
between sexes, it is unclear how fatigue influences these
already-varied scores. Therefore, the purpose of this study
was to determine the influence of self-reported fatigue and
sex on baseline concussion assessments. We hypothesized
that increased fatigue would result in poorer scores across
all assessments when controlling for sex. Additionally,
when controlling for fatigue, we expected women to endorse
more symptoms, higher symptom severity, higher SAC
scores, and higher visual and verbal memory scores in CNS
Vital Signs, in line with previous findings.4,9,11,12,35,37,39 We
did not anticipate sex-based differences in the BESS score
or the CNS Vital Signs summary score.

METHODS

Participants included 494 collegiate athletes from a
National Collegiate Athletic Association (NCAA) Division
I institution (221 women, 273 men; mean ± SD age, 20.0 ±
1.3 years; age range, 18-24 years). Our sample included
athletes practicing and competing in the following activi-
ties during the 2015-2016 academic seasons: baseball,

cheer, crew, football, field hockey, fencing, gymnastics, soft-
ball, swimming and diving, track and field, volleyball, and
wrestling, as well as men’s and women’s basketball,
lacrosse, soccer, and tennis. Additional descriptive statis-
tics are reported in Table 1. All study participants signed
informed consent forms approved by the university’s insti-
tutional review board.

Instrumentation

Fatigue Scale. Participants rated their fatigue on a scale
from 0 to 100 based on how they normally feel and function
each day (0, completely exhausted; 100, completely awake
and alert). Although the psychometric properties of single-
item measures have been questioned,21 we believe that
such a measure is an acceptable metric in this instance,
as single-item measures have convergent and discriminant
validity when used to assess fatigue.36

Graded Symptom Checklist. A 22-item symptom check-
list was employed in this study (Table 2).28 Participants
were asked to rate their symptoms on a Likert scale rang-
ing from 0 (not endorsing the symptom) to 1 (mild) to 6
(severe). At baseline, participants were asked to rate symp-
tom severity only if they normally experienced the symp-
tom �3 times per week for whatever reason. The total
symptom frequency endorsed and the total symptom sever-
ity score (computed by adding all symptom severity ratings)
were computed and retained for our analyses. A lower score
indicated better outcomes for the graded symptom checklist
(GSC).

Balance Error Scoring System. The BESS is a commonly
employed postconcussion balance assessment protocol. It
involves 3 stances (double-legged, single-legged, and tan-
dem) and 2 surfaces (firm and foam). For balance in the
single-legged stance, patients were instructed to stand as
still as possible, with hands on iliac crests and eyes closed,
while maintaining balance on the nondominant limb with
the dominant limb in approximately 20� of hip flexion and
45� of knee flexion. For balance in the tandem stance,
patients were instructed to stand heel-to-toe with the non-
dominant limb in back, hands on the iliac crests, and eyes
closed. Leg dominance was defined as whichever leg the
patient would use to kick a soccer ball for maximum dis-
tance. Participants were instructed to complete each of
these six 20-second trials by remaining in the test position
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with their eyes closed to the best of their ability. Mean-
while, the clinician observed and documented the error fre-
quency (to a maximum of 10 per trial). Errors could include
the following: moving the hands off of the iliac crests; open-
ing the eyes; stepping, stumbling, or falling out of test posi-
tion; hip abduction or flexion >30�; lifting the forefoot or
heel off the testing surface; or remaining out of the proper
test position for >5 seconds. Moderate to high intraclass
correlation coefficients for intertester reliability (0.57-
0.96) have been noted in scoring BESS errors.13,32 The
BESS total error score was retained for our analyses. A
lower score indicated better performance for the BESS.

Standardized Assessment of Concussion. The SAC is a
brief cognitive screening tool designed to immediately
assess concussion in athletes. The SAC was designed per
the neuropsychological research literature addressing the
domains of neurocognitive function most sensitive to the
effects of mild brain injury and concussion (orientation,
immediate recall, attention/concentration, and delayed
recall)7 and the tests best suited to measure those functions
among patients with brain injury.8 Extensive research3,25-27

demonstrated that the SAC is a sensitive and specific means
to detect mild concussion and is a sensitive and specific
measure of postconcussive recovery. The SAC total score was

retained for our analyses, with a higher score indicating
better performance.

CNS Vital Signs. Computerized neurocognitive testing
was conducted with CNS Vital Signs14 and took approxi-
mately 25 minutes to complete on desktop computers.
Supervised testing occurred in a quiet, secluded room.
Thorough descriptions of the neurocognitive domains, as
well as all subtests used to calculate each domain standard
score, are available in Table 3. Concussion baseline admin-
istrators instructed participants to read all directions care-
fully prior to each test module. A higher score indicated
better performance for the CNS Vital Signs Neurocognitive
Index (NCI) and each CNS Vital Signs domain standard
score.

Procedures

Participants completed all assessments in a single session
and were tested in small groups after providing informed
consent. Test order was determined by scheduling matrices
to maximize the number of participants whom we could
evaluate in a given time frame and to minimize the amount
of contact time with the student-athletes. All data were
manually recorded (BESS and SAC) or collected digitally
and exported (GSC and CNS Vital Signs) for analysis.

Statistical Analysis

Descriptive statistics were calculated for demographic vari-
ables, self-reported fatigue, and each baseline concussion
assessment score. Self-reported fatigue was mean-centered
prior to analysis. Due to the presence of zeros and
extremely positively skewed distribution of GSC total
scores, we used a zero-inflated Poisson regression model
to test the effects of self-reported fatigue and sex on GSC
total score. We similarly used a generalized linear model
with a Poisson distribution to model effects of fatigue and
sex on GSC severity to properly account for the measure’s
extremely positively skewed distribution. Multiple linear
regressions were used to determine the relationship of
self-reported fatigue and sex on BESS total score, SAC total
score, and CNS Vital Signs NCI. Alpha was set to 0.05 a
priori.

TABLE 2
Graded Symptom Checklist Symptomsa

Headache Sensitivity to light
Nausea Sensitivity to noise
Emesis Increased sadness
Balance problems Nervousness
Dizziness Feeling more emotional
Fatigue Numbness or tingling
Trouble falling asleep Feeling slowed down
Sleeping more than usual Sensation of being “in a fog”
Sleeping less than usual Difficulty with concentration
Drowsiness Difficulty with memory
Irritability Visual problem

aParticipants were asked to rate the severity of any symptom
experienced �3 times/week on a scale from 1 (mild) to 6 (severe).
The total symptom severity score was computed by adding all
symptom severity ratings.

TABLE 1
Demographic Variables and Baseline Concussion Evaluationsa

Self-reported
Fatigueb

Graded Symptom Checklistc

CNS Vital
Signs NCIdAge, y Height, cm Reported Severity SAC Total BESS Total

Men (n ¼ 273) 20.0 (1.3) 183.0 (6.3) 72.0 (21.6) 1.8 (3.2) 2.9 (5.7) 27.7 (1.7) 17.7 (7.7) 96.2 (14.5)
Women (n ¼ 221) 19.9 (1.2) 169.9 (9.3) 70.2 (19.2) 3.2 (4.4) 5.3 (8.7) 28.3 (1.4) 15.1 (6.8) 100.6 (11.0)

aValues are presented as mean (SD). BESS, Balance Error Scoring System; NCI, Neurocognitive Index; SAC, Standardized Assessment of
Concussion.

bSelf-reported fatigue was graded on a scale from 0 (completely exhausted) to 100 (completely awake and alert).
cSee Table 2 for details. A reported symptom was considered one experienced �3 times/week. A lower symptom severity score indicates

milder symptoms.
dSee Table 3 for details. A higher score indicates better performance.
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RESULTS

All analyzed data originated from 508 participants who
completed baseline concussion assessments. Thirteen par-
ticipants were removed for incomplete baseline assess-
ments. One participant was removed because of an
invalid fatigue rating of 0. The fatigue scale defines 0 as
being completely exhausted, yet this participant reported
being completely asymptomatic; therefore, we judged this
response to be invalid because of either a misunderstanding
of the question or a data entry error. The final sample used
for all analyses comprised 494 participants.

There was a significant main effect of self-reported
fatigue on GSC total score (ß ¼ –0.014, P < .001) such that
for every 1-point increase in the mean level of self-reported
fatigue, the expected total symptom frequency endorsed
would increase 1.01, when sex was held constant. Addition-
ally, there was a significant main effect of sex on GSC total
score (ß ¼ –0.216, P ¼ .002) such that women have a pre-
dicted increase in symptoms by a factor of 0.81, controlling
for fatigue. Regarding the probability of a student-athlete
reporting zero symptoms versus any symptoms, being a
male increased the odds of endorsing zero symptoms by a
factor of 2.40 (ß ¼ 0.856, P < .001). Additionally, every 1-
point decrease in the mean level of self-reported fatigue

increased the odds of endorsing zero symptoms by a factor
of 1 (ß ¼ 0.033, P < .001).

There was a significant main effect of self-reported fatigue
on GSC severity score (ß ¼ –0.029, P < .001) such that for
every 1-point increase in the mean level of self-reported
fatigue, the expected severity score would increase by a factor
of 0.97. Additionally, there was a main effect of sex on GSC
severity score (ß¼ –0.491, P < .001) such that women would
have higher expected severity scores by a factor of 0.61.

For the additional clinical outcomes, there were main
effects of sex on SAC total scores (ß¼ 0.569, P< .001), BESS
total score (ß¼ –2.747, P< .001), and CNS Vital Signs NCI (ß
¼ 4.506, P< .001). Women had higher SAC total scores, fewer
BESS errors, and higher CNS Vital Signs NCI. Specifically,
women scored significantly higher than men on executive
functioning (ß ¼ 4.790, P < .001), processing speed (ß ¼
4.372, P < .001), cognitive functioning (ß ¼ 5.017, P < .001),
reaction time (ß ¼ 5.342, P < .001), and verbal memory (ß ¼
5.240, P< .001), while men performed better on motor speed
(ß ¼ –2.586, P ¼ .036); all analyses controlled for fatigue.
When controlling for sex, self-reported fatigue did not predict
SAC total scores (ß¼ 0.000, P¼ .911), BESS total score (ß¼ –
0.032, P¼ .115), or CNS Vital Signs NCI (ß¼ 0.038, P¼ .302).

To compare our findings with those of the existing liter-
ature in this area, we performed a post hoc regression

TABLE 3
Domain Calculations and Descriptions for CNS Vital Signs

Domain: Subtest Test Description

NCI: Mean of 5 domain scores Composite memory, psychomotor speed, reaction time, complex attention, and cognitive
flexibility (see below).

Verbal memory: Verbal Memory Test Participant was presented with 15 words and instructed to identify those words nested among
15 new words at the beginning of the test battery and once at the end.

Visual memory: Visual Memory Test Participant was presented with 15 shapes and instructed to identify those shapes nested among
15 new shapes at the beginning of the test battery and once at the end.

Composite memorya

Verbal Memory Test As described
Visual Memory Test As described

Psychomotor speeda

Finger Tapping Test Using the right or left index finger, the participant was instructed to press the space bar as many
times as possible in 10 s.

Symbol Digit Coding Participant was instructed to correctly type in numbers that were linked to a symbol from a key.
Reaction timea: Stroop Test Participant was instructed to press the spacebar first when the font color matches the text using

the words “blue,” “red,” “yellow,” and “green.” The test was then repeated where the
participant pressed the spacebar when the font color did not match the text.

Complex attentiona

Continuous Performance Test Participant was told to press the spacebar every time the letter “B” appeared on the screen.
Shifting Attention Test Participant was instructed to press the shift key for the symbol of the side, which matched a

condition specified at the top of the screen.
Stroop Test As described

Cognitive flexibilitya

Shifting Attention Test As described
Stroop Test As described

Processing speed: Symbol Digit Coding As described
Executive functioning: Shifting Attention As described
Simple attention: Continuous Performance

Test
As described

Motor speed: Finger Tapping Test As described

aThese domain scores are averaged to derive the NCI (Neurocognitive Index) which was used for our analyses.
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analysis to determine if participant height was a predictor
for BESS performance.19 Women in our sample were signif-
icantly shorter than men (t492¼ –16.84, P< .01), and height
(F2,491 ¼ 23.56, P < .01) significantly predicted BESS total
score when holding sex constant, such that for every 1-inch
increase in height, BESS errors increased by 0.5.

DISCUSSION

The most important finding in this study is the effect of self-
reported fatigue and sex on GSC total symptom frequency
and total symptom severity score. Critically, we found that
men were significantly more likely than women to report
zero symptoms on the GSC total score. The results of the
current study suggest that baseline symptom assessments
may vary widely according to sex and athlete fatigue.
Although fatigue is a self-reported measure, it suggests
that levels of reported exhaustion can influence concussion
assessment scores meant to represent a healthy baseline
and will likely interfere with postinjury assessment scores.

Sex-based differences in self-report variables are widely
acknowledged in the health care literature. Notably,
females tend to endorse not only more severe symptoms but
a greater total number regarding physical4,37,38 and psy-
chological health.2 Unsurprisingly, we found that women
reported more symptoms and more severe symptoms on a
concussion-specific symptom scale. Current literature the-
orizes that higher symptom endorsement by females may
be due to several factors, including hormonal systems,6

selective attention to bodily cues, and more willingness to
endorse symptoms.37 Additionally, males are less likely to
disclose symptoms related to mental health, owing to self-
stigmatization.31

Increased self-reported fatigue was associated with
greater GSC total symptom endorsement and greater GSC
symptom severity score. As fatigue itself is a symptom,
increased total symptom endorsement and symptom sever-
ity score were not surprising. However, as fatigue is only 1
symptom on the 22-item GSC, the increased scores cannot
solely be explained by this. We used fatigue as a unidimen-
sional construct via a single-item survey, as supported in
previous literature.36 Fatigue has been argued to be a mul-
tidimensional construct that encompasses mental and
physical fatigue,27 and it may be further divided into sub-
sets of physical exertion, physical discomfort, lack of moti-
vation, sleepiness, and lack of energy.1 If fatigue is a
multidimensional construct, this could contribute to the
overall increase in GSC total symptom endorsement and
GSC symptom severity score.

Additionally, sex was a significant predictor for SAC
total score, BESS score, and CNS Vital Signs NCI. Women
in our study performed better than men on the SAC. This
finding is similar to that of Shehata et al,34 who found that
females scored higher on cognitive testing than males.
While the evidence for sex differences on the BESS test is
unclear,34,35 we found that women scored significantly
fewer errors than men. Iverson et al19 looked at height as
a potential predictor for BESS scores, as lower centers of
gravity may contribute to better balance, but they found no

relationship between height and BESS scores. Our results
contrast those reported by Iverson et al,19 as we found that
every 1-inch increase in height was associated with a 0.5-
error increase in BESS when controlling for sex.

Computerized neurocognitive assessments are currently
being used in the concussion literature to examine overall
cognitive function, with domains including visual and ver-
bal memory, executive function, and processing speed. Our
results indicated sex-based differences on several domains
as well as on the summary NCI score. Current literature
has found varying evidence for sex differences in the indi-
vidual domains of CNS Vital Signs. Covassin et al12 found
that females performed significantly better on verbal mem-
ory and males performed significantly better on visual mem-
ory, while Iverson et al18 found no significant sex differences
in the domain standard scores. Our results may differ
because of the use of a narrower sample age range or the
use of a different computerized neurocognitive test.
Although statistically significant, the explanatory power of
self-reported fatigue and sex for SAC total score (R2¼ 0.038),
BESS score (R2 ¼ 0.051), and CNS Vital Signs NCI (R2 ¼
0.039) in the current study was small and therefore may not
be a clinically meaningful result. Sex differences in general
may not be as clinically relevant, owing to the use of the
baseline test as an individualized standard with which to
compare an injured athlete back with oneself, but they
should be considered when interpreting baseline concussion
assessment results.

The use of a single-item question to assess self-reported
fatigue has varying evidence related to validity as com-
pared with multiple-item measures of fatigue. Kim and
Abraham21 showed that a single-item measure of fatigue
was not comparable with a more comprehensive measure
that included multiple questions to address each specific
domain, while van Hooff et al36 showed a single-item meas-
ure to be a valid assessment. Despite conflicting evidence
with single- versus multi-item questionnaires, single-item
measures have been validated for unidimensional concepts
such as fatigue.36 Additionally, there are several logistic
advantages to using single-item measures, including ease
of administration,30 cost-efficiency, and face validity.36

Therefore, we determined that this measure was appropri-
ate for the purpose of our study.

CONCLUSION

We found that fatigue and sex significantly predicted total
baseline symptom endorsement and aggregate symptom
severity and that men were more likely to endorse zero
symptoms on GSC total score. We also found main effects
for sex on all remaining assessment scores. As sex-based
differences are evident in concussion literature, clinicians
should be aware of these differences when evaluating ath-
letes after an injury. Our results suggest that fatigue may
be associated with a decrease in balance and neurocognitive
performance, although these relationships may not be clin-
ically meaningful. Future research should evaluate ideal
times and environments for student-athletes to complete
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baseline concussion assessments to elicit the most valid and
accurate baseline results free from fatigue.

ACKNOWLEDGMENT

The authors acknowledge the academic faculty, research
staff, and trainees in the Matthew Gfeller Center at the
University of North Carolina at Chapel Hill for their assis-
tance with various aspects of this project.

REFERENCES

1. Ahsberg E. Dimensions of fatigue in different working populations.

Scand J Psychol. 2000;41(3):231-241.

2. Altemus M. Sex differences in depression and anxiety disorders:

potential biological determinants. Horm Behav. 2006;50:534-538.

3. Barr WB, McCrea M. Sensitivity and specificity of standardized neu-

rocognitive testing immediately following sports concussion. J Int

Neuropsychol Soc. 2001;7(6):693-702.

4. Barsky AJ, Peekna HM, Borus JF. Somatic symptom reporting in

women and men. J Gen Intern Med. 2001;16(4):266-275.

5. Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’

Association position statement: management of sport concussion.

J Athl Train. 2014;49(2):245-265.

6. Broshek DK, Kaushik T, Freeman JR, Erlanger D, Webbe F, Barth JT.

Sex differences in outcome following sports-related concussion.

J Neurosurg. 2005;102(5):856-863.

7. Capruso DX, Levin HS. Cognitive impairment following closed head

injury. Neurol Clin. 1992;10(4):879-893.

8. Clifton GL, Hayes RL, Levin HS, Michel ME, Choi SC. Outcome mea-

sures for clinical trials involving traumatically brain-injured patients:

report of a conference. Neurosurgery. 1992;31(5):975-978.

9. Covassin T, Elbin RJ. The female athlete: the role of gender in the

assessment and management of sport-related concussion. Clin

Sports Med. 2011;30(1):125-131.

10. Covassin T, Elbin RJ, Harris W, Parker T, Kontos A. The role of age

and sex in symptoms, neurocognitive performance, and postural sta-

bility in athletes after concussion. Am J Sports Med. 2012;40(6):

1303-1312.

11. Covassin T, Elbin RJ, Larson E, Kontos AP. Sex and age differences in

depression and baseline sport-related concussion neurocognitive

performance and symptoms. Clin J Sport Med. 2012;22(2):98-104.

12. Covassin T, Swanik CB, Sachs M, et al. Sex differences in baseline

neuropsychological function and concussion symptoms of collegiate

athletes. Br J Sports Med. 2006;40(11):923-927.

13. Finnoff JT, Peterson VJ, Hollman JH, Smith J. Intrarater and interrater

reliability of the Balance Error Scoring System (BESS). PM R. 2009;

1(1):50-54.

14. Gualtieri CT, Johnson LG. Reliability and validity of a computerized

neurocognitive test battery, CNS Vital Signs. Arch Clin Neuropsychol.

2006;21:623-643.

15. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between

recurrent concussion and late-life cognitive impairment in retired pro-

fessional football players. Neurosurgery. 2005;57(4):719-726.

16. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion

and risk of depression in retired professional football players. Med Sci

Sports Exerc. 2007;39(6):903-909.

17. Guskiewicz KM, McCrea M, Marshall SW, et al. Cumulative effects

associated with recurrent concussion in collegiate football players:

the NCAA Concussion Study. JAMA. 2003;290(19):2549-2555.

18. Iverson GL, Brooks BL, Ashton Rennison VL. Minimal gender differ-

ences on the CNS vital signs computerized neurocognitive battery.

Appl Neuropsychol Adult. 2014;21(1):36-42.

19. Iverson GL, Kaarto ML, Koehle MS. Normative data for the balance

error scoring system: implications for brain injury evaluations. Brain

Inj. 2008;22(2):147-152.

20. Kelman L, Rains JC. Headache and sleep: examination of sleep pat-

terns and complaints in a large clinical sample of migraineurs. Head-

ache. 2005;45(7):904-910.

21. Kim H-J, Abraham I. Measurement of fatigue: comparison of the reli-

ability and validity of single-item and short measures to a compre-

hensive measure. Int J Nurs Stud. 2017;65:35-43.

22. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and

impact of traumatic brain injury: a brief overview. J Head Trauma

Rehabil. 2006;21(5):375-378.

23. Leeder J, Glaister M, Pizzoferro K, Dawson J, Pedlar C. Sleep dura-

tion and quality in elite athletes measured using wristwatch actigra-

phy. J Sports Sci. 2012;30(6):541-545.

24. Lund HG, Reider BD, Whiting AB, Prichard JR. Sleep patterns and

predictors of disturbed sleep in a large population of college students.

J Adolesc Health. 2010;46(2):124-132.

25. McCrea M. Standardized mental status testing on the sideline after

sport-related concussion. J Athl Train. 2001;36(3):274-279.

26. McCrea M, Kelly JP, Kluge J, Ackley B, Randolph C. Standardized

assessment of concussion in football players. Neurology. 1997;48(3):

586-588.

27. McCrea M, Kelly JP, Randolph C, et al. Standardized Assessment of

Concussion (SAC): on-site mental status evaluation of the athlete.

J Head Trauma Rehabil. 1998;13(2):27-35.

28. McCrory P. SCAT3. Br J Sports Med. 2013;47(5):259-263.

29. Mihalik JP, Lengas E, Register-Mihalik JK, Oyama S, Begalle RL,

Guskiewicz KM. The effects of sleep quality and sleep quantity on

concussion baseline assessment. Clin J Sport Med. 2013;23(5):

343-348.

30. Patrician PA. Single-item graphic representational scales. Nurs Res.

2004;53(5):347-352.

31. Pederson EL, Vogel DL. Male gender role conflict and willingness to

seek counseling: testing a mediation model on college-aged men.

J Couns Psychol. 2007;54(4):373-384.

32. Riemann BL, Guskiewicz KM, Shields EW. Relationship between clin-

ical and forceplate measures of postural stability. J Sport Rehabil.

1999;8(2):71-82.

33. Sargent C, Lastella M, Halson SL, Roach GD. The impact of training

schedules on the sleep and fatigue of elite athletes. Chronobiol Int.

2014;31(10):1160-1168.

34. Shehata N, Wiley JP, Richea S, Benson BW, Duits L, Meeuwisse

WH. Sport concussion assessment tool: baseline values for

varsity collision sport athletes. Br J Sports Med. 2009;43(10):

730-734.

35. Valovich McLeod TC, Bay RC, Lam KC, Chhabra A. Representative

baseline values on the Sport Concussion Assessment Tool 2 (SCAT2)

in adolescent athletes vary by gender, grade, and concussion history.

Am J Sports Med. 2012;40(4):927-933.

36. van Hooff MLM, Geurts SAE, Kompier MAJ, Taris TW. “How

fatigued do you currently feel?” Convergent and discriminant

validity of a single-item fatigue measure. J Occup Health. 2007;

49(3):224-234.

37. van Wijk CM, Kolk AM. Sex differences in physical symptoms: the

contribution of symptom perception theory. Soc Sci Med. 1997;45(2):

231-246.

38. Verbrugge LM. Sex differences in complaints and diagnoses. J Behav

Med. 1980;3(4):327-355.

39. Zuckerman SL, Apple RP, Odom MJ, Lee YM, Solomon GS, Sills AK.

Effect of sex on symptoms and return to baseline in sport-related

concussion. J Neurosurg Pediatr. 2014;13(1):72-81.

40. Zuckerman SL, Kerr ZY, Yengo-Kahn A, Wasserman E, Covassin T,

Solomon GS. Epidemiology of sports-related concussion in NCAA

athletes from 2009-2010 to 2013-2014: incidence, recurrence, and

mechanisms. Am J Sports Med. 2015;43(11):2654-2662.

6 Combs et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


