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Context: Poor sleep is common in collegiate student-
athletes and is associated with heterogeneous self-reported
complaints at baseline. However, the long-term implications of
poor sleep at baseline have been less well studied.

Objective: To examine the implications of insufficient sleep
at baseline, as well as factors such as symptom reporting and
neurocognitive performance at baseline associated with insuf-
ficient sleep, for the risk of sport-related concussion (SRC).

Design: Cross-sectional study.

Setting: Undergraduate institution.

Patients or Other Participants: Student-athletes (N = 614)
were divided into 2 groups based on the hours slept the night
before baseline testing: sufficient (>7.07 hours) or insufficient
(<5.78 hours) sleepers. Athletes who went on to sustain an SRC
during their athletic careers at our university were identified.

Main Outcome Measure(s): Four symptom clusters (cog-
nitive, physical, affective, and sleep) and headache were
examined as self-reported outcomes. Four neurocognitive
outcome measures were explored: mean composite of memory,

mean composite of attention/processing speed, memory intra-
individual variability (IIV), and attention/processing speed IIV.

Results: Insufficient sleepers at baseline were nearly twice
as likely (15.69%) as sufficient sleepers (8.79%) to go on to
sustain an SRC. Insufficient sleepers at baseline, whether or not
they went on to sustain an SRC, reported a higher number of
baseline symptoms than did sufficient sleepers. When com-
pared with either insufficient sleepers at baseline who did not go
on to incur an SRC or with sufficient sleepers who did go on to
sustain an SRC, the insufficient sleep group that went on to
incur an SRC performed worse at baseline on mean attention/
processing speed.

Conclusions: The combination of insufficient sleep and
worse attention/processing speed performance at baseline may
increase the risk of sustaining a future SRC.

Key Words: cognitive functioning, postconcussion symp-
toms, concussion, sports injuries, self-report

Key Points

* Insufficient sleep at baseline was associated with an increased risk of prospectively sustaining a sport-related
concussion.

» Athletes who reported insufficient sleep at baseline and went on to experience a sport-related concussion
performed worse on baseline attention/processing speed tasks than either sufficient sleepers who went on to
experience a concussion or insufficient sleepers who did not.

» Screening for sleep difficulties at baseline can aid in early identification and referral to treatment for athletes

experiencing sleep difficulties, thereby potentially reducing the risk of sustaining a sport-related concussion.

collegiate athletics annually, and about 6% will

sustain a concussion.! The identification of char-
acteristics that make an athlete more susceptible to
sustaining a sport-related concussion (SRC) or will affect
recovery from SRC has become a major focus of
research.??® The neuropsychological study of SRC is rooted
in the biopsychosocial model, whereby biological, psycho-
logical, and socioenvironmental factors interact to affect the
risk for injury in the first place and subsequent recovery
after SRC.* These risk factors may be fixed preinjury
characteristics, such as an athlete’s biological sex or the
presence of certain genetic polymorphisms, or modifiable
characteristics, such as playing style, psychological and
mood disorders, or insufficient sleep. It may be particularly

ﬁ n estimated 500000 players participate in US

important to focus on this second category because these
can be points of intervention.

Growing attention has been focused on the importance of
sleep and the effect of sleep on athletic performance as well
as the overall quality of physical and mental health.® The
most recent consensus statement®> on concussion in sport
identified sleep as a potential modifier. Poor sleep quality
and insufficient sleep are common among collegiate
athletes.® In a study at a National Collegiate Athletic
Association Division I university, 39.1% described sleeping
fewer than 7 hours per night, and 42.4% reported poor sleep
quality as measured using the Pittsburgh Sleep Quality
Index.®” Contributors to poor sleep may be sport or
nonsport related. Sport-related factors include travel for
competition or early morning practices, and it has been
estimated that collegiate athletes spend 27 to 41 hours per
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week on athletic activities.>® In addition to the time spent
on athletics, student-athletes are purportedly students first
and thus subject to the same non—sport-related sleep
disruptions as other college students, including academic
stress and loud shared environments for sleep. Given the
unique time demands on athletes and the potential to disrupt
sleep, examining the effect of sleep quantity in this
population is warranted.

Prior researchers have explored the effects of poor sleep
on baseline performance in nonconcussed athletes. Most®!°
have found that nonconcussed athletes with poor sleep
endorsed more subjective complaints on self-reported
symptom inventories than nonconcussed athletes without
poor sleep, but they did not perform significantly worse on
neuropsychological assessments. Despite the lack of
evidence for objective performance differences at baseline
due to poor sleep, some investigators have demonstrated
longer-term effects of poor sleep at baseline, suggesting that
poor sleep may be linked to more distant consequences. '

More generally, poor sleep has been associated with sport
injuries,'? yet few authors have looked specifically at the
association of concussion with it. These injuries may be
more common for several reasons, including degraded sport
performance, reduced body control, increased difficulty
responding on the field, and poor visual tracking and
reaction time during sport activities. Taken together, these
theories indicate that sleep difficulties may increase the
vulnerability to injury via performance decrements and that
insufficient sleep may disrupt optimal injury recovery.

Whereas research on the remote consequences of baseline
sleep disruption is limited, a few studies are worth
mentioning. One group® determined that preinjury sleep
difficulties were a risk factor for postconcussion syndrome.
In addition, preinjury sleep disturbances predicted the
postinjury symptom total and worse performance on visual
memory and reaction time tests than a control group (no
sleep disturbances).'®* Other authors'* found that daytime
sleepiness on 2 or more days per month and moderate to
severe self-reported insomnia were associated with a 3 to 5
times higher risk of sustaining a future SRC. Therefore, the
consequences of insufficient sleep at baseline may emerge
later, and these consequences may manifest as increased
difficulties when coupled with an SRC. Whereas the effects
of sleep disruption at baseline may be restricted to self-
reported complaints, these disturbances may meaningfully
affect the risk for SRC or for worse outcomes after SRC.
However, limited research has addressed other factors that
may co-occur with sleep difficulties at baseline to confer a
risk for future concussion, such as patterns of symptom
reporting or cognitive functioning.

Prior investigators have identified that certain characteris-
tics, or so-called modifiers, at baseline may affect symptom
reporting and cognitive performance in subsets of athletes.
For instance, a previous psychological diagnosis, such as
depression and anxiety or a history of concussion or attention-
deficit/hyperactivity disorder, may influence baseline per-
formance.'>"!” Thus, understanding the factors associated
with these characteristics at baseline is important in
concussion management. Insufficient sleep is an additional
factor that may be associated with these characteristics at
baseline. Hence, we aimed to examine symptom reporting
and cognitive functioning at baseline in the presence of
insufficient sleep and explore whether certain patterns were

associated with a risk for future SRC. To our knowledge, no
earlier authors have explored these factors simultaneously to
understand the remote consequences of insufficient sleep at
baseline: the risk for SRC, subjective self-report symptoms,
and cognitive performance.

Aim 1

Aim 1 was to examine whether insufficient sleep, defined
as sleeping <5.78 hours the night before a baseline
assessment, was a risk factor for prospectively sustaining
an SRC.

Hypothesis 1

We predicted that a greater proportion of athletes getting
insufficient sleep (<5.78 hours) at baseline would sustain
an SRC than athletes getting sufficient sleep (>7.07 hours)
at baseline.

Aim 2

Aim 2 was to identify other baseline factors associated
with insufficient sleep at baseline and the likelihood of
sustaining an SRC in the future. Two group comparisons
were conducted: (1) insufficient sleepers with SRC versus
insufficient sleepers without SRC and (2) sufficient sleepers
with SRC versus insufficient sleepers with SRC. We
compared baseline symptom reporting (symptom clusters
and headache) and neuropsychological test performance
(mean cognitive performance and intraindividual variability
[IIV] in cognitive performance) in the specific domains of
memory and attention/processing speed (APS).

Hypothesis 2

We proposed that insufficient sleepers who went on to
sustain an SRC would report more symptoms and demon-
strate worse cognitive performance at baseline than insuffi-
cient sleepers who did not go on to sustain an SRC. We also
predicted that the insufficient sleepers who sustained an SRC
would report more symptoms and demonstrate worse
cognitive performance at baseline than the sufficient sleepers
who sustained an SRC.

METHODS

Participants

The data for the current study are mostly cross-sectional
and based on a secondary analysis from a concussion-
management program at a Division I university; symptom
reporting, cognitive functioning, and sleep were assessed at
baseline. One component of the study is longitudinal in
nature, given that athletes were prospectively followed to
determine which ones went on to sustain a future SRC. This
“parent study” consisted of all athletes who participated in
the sports concussion program from 2002 to 2019. The
athletes were administered baseline testing before their
participation in collegiate athletics. For both aims, we
divided participants into 2 groups based on the hours slept
the night before the baseline test. Consistent with prior
authors,” we derived these groups empirically based on the
mean and SD of hours slept the night before the baseline of
all participants who responded to that question (n = 772,
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mean = 7.07 = 1.29 hours). The sufficient sleep group
consisted of those obtaining more hours of sleep than the
mean in our sample (>7.07 hours), and the insufficient
sleep group consisted of those obtaining fewer or equal
hours of sleep to 1 SD below the mean in our sample
(<£5.78 hours). The empirical derivation of these cutoffs
was predicated on the perceived limitation in the existing
literature from reliance on theoretically derived cutoffs.
Specifically, given the unique patterns of sleep difficulties
in both college students and student-athletes, we believed it
was beneficial to use values from this normative sample to
understand sleep difficulties that were experienced over and
above those of their peers.

For aim 1, athletes were selected from the larger sample
of 1057 collegiate athletes who completed baseline testing
from 2002 to 2019. Recruits were excluded from the current
study for the following reasons: did not complete the
Immediate Post-Concussion Assessment and Cognitive
Testing (IMPACT) question related to the prior night’s
sleep (n = 278) or reported sleep in the middle range
(5.77-7.06 hours) the night before baseline (n = 165).
Thus, the final sample for aim 1 consisted of 614 (455 men,
159 women) student-athletes. For aim 1, 102 athletes were
in the insufficient sleep group and 512 were in the sufficient
sleep group.

For aim 2, analyses related to the cognitive outcomes,
athletes with invalid performance on effort testing, defined
as ImPACT impulse control composite (ICC) scores > 30
(n = 22), were also excluded.'® The final sample for this set
of analyses consisted of 592 athletes (437 men, 155
women). After removing athletes with invalid baseline
neuropsychological performance, 100 insufficient sleepers
and 492 sufficient sleepers remained. Demographics
information for the aim 1 and aim 2 participants are located
in Tables 1 and 2, respectively.

Procedures

Baseline testing was completed as part of the sports
concussion program that is based on the “Sports as a
Laboratory” model in which athletes are referred for
baseline testing and then, if they sustain a concussion, they
are referred for repeat testing. Referrals are made by an
athletic trainer or team physician. Concussion was defined
as an injury to the head resulting from a trauma or
biomechanical force wherein brain function was disrupted,
as evidenced by any alteration in mental status or
postconcussion signs or symptoms at the time of injury,
posttraumatic amnesia lasting <24 hours, or loss of
consciousness lasting <30 minutes.?

The neuropsychological test battery was administered by
trained undergraduate research assistants or graduate
students who were supervised by a doctoral-level clinical
neuropsychologist. Athletes provided informed consent
before the study, and the study was approved by the
university’s institutional review board.

Measures

Sleep. The ImPACT consists of 3 main sections:
demographics and background information, symptom
reporting, and 6 testing modules.'® One of the background
questions is “How many hours did you sleep last night?”
Reponses to this question were used to create the 2 sleep

groups (sufficient sleepers and insufficient sleepers). Self-
report of athletes’ sleep has been widely used in prior
research in this area, and evidence indicates that self-report
is an appropriate cost-effective and time-effective alterna-
tive to objective sleep measurements in an uninjured athlete
population. Self-report of a single night’s sleep has also
been shown'!® to be moderately to highly correlated with
sleep measured using actigraphy, with Pearson product
moment correlations ranging from 0.31 to 0.65.

Symptom Reporting. The ImPACT has a self-report
symptom section called the Post-Concussion Symptom
Scale (PCSS). The PCSS consists of 22 items rated on a 7-
point severity scale ranging from no symptoms (0) to severe
symptoms (6). These 22 items can be grouped into 4
common symptom clusters (cognitive, physical, affective,
and sleep), with headache being a standalone symptom.?
The clusters consist of the following items: cognitive
(feeling slowed down, feeling mentally foggy, difficulty
concentrating, difficulty remembering), physical (nausea,
vomiting, balance problems, dizziness, sensitivity to light,
sensitivity to noise, visual problems), affective (irritability,
sadness, nervousness, feeling more emotional), and sleep
(fatigue, trouble falling asleep, sleeping less than usual,
drowsiness) factors.

Neurocognitive Performance. Athletes completed a
hybrid neuropsychological testing battery of traditional
paper-and-pencil and computerized measures. We chose the
tests for this battery to measure performance across
domains of verbal and visual learning and memory,
executive functioning, attention, and processing speed as
they are known to be sensitive to cognitive deficits after
SRC. Similar batteries are commonly used in concussion-
management programs.>'?*2° The computerized measures
were the ImPACT and the Vigil/W continuous performance
task. The paper-and-pencil tests were the Brief Visuospatial
Memory Test—Revised (BVMT-R), the Comprehensive
Trail-Making Test (CTMT), a modified version of the
Digit Span Test, the Hopkins Verbal Learning Test—Revised
(HVLT-R), the Penn State University Cancellation Test, the
Stroop Color-Word Test, and the Symbol-Digit Modalities
Test (SDMT). Performance on several indices from each of
these neuropsychological tests was measured. This test
battery has previously been described in detail.°

Statistical Analyses

Data Transformations. Scores on all neuropsycholog-
ical test measures were standardized (mean = 100 *= 15)
using published baseline norms from a large sample of
collegiate athletes at a Division I university.?! These norms
were used for all test measures except the ImPACT test,
which was not included in this normative data set. Norms
used for the INPACT were from an equivalent sample of
collegiate athletes at the same Division I university as
described earlier.?® Higher scores always indicated better
performance.

Principal component analyses (PCAs) were used to identify
and compute composite scores for conceptually related test
indices (APS and memory tests). Tests loading above 0.40 were
retained based on guidelines from Costello and Osborne.?” For
the PCA of the APS tests, the following indices were included:
ImPACT Visual Motor Speed, ImPACT Reaction Time, Vigil
Average Delay, CTMT “Simple,” CTMT “Executive,” Penn
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Table 1. Participant Demographics for Aim 12

Sleep Group
Variable Sufficient (n = 512) Insufficient (n = 102) P Value
Mean = SD
Age, y 18.53 = 1.10 18.52 = 0.95 91
Wechsler Test of Adult Reading Full Scale-IQ estimate 103.36 = 6.06 103.24 = 6.08 .86
No. (%)
Sex 12
Male 373 (72.9) 82 (80.4)
Female 139 (27.1) 20 (19.6)
Previous concussions, No. 12
0 287 (56.1) 46 (45.1)
1 150 (29.3) 38 (37.3)
2+ 72 (14.1) 18 (17.6)
History of learning disability .80
Yes 16 (3.1) 3 (3.0)
No 468 (91.4) 98 (97.0)
Maybe 2 (0.4) 0 (0.0)
History of attention-deficit/hyperactivity disorder .97
Yes 27 (5.3) 6 (5.9)
No 453 (88.5) 94 (93.1)
Maybe 6 (1.2) 1(1.0)
History of headache treatment .34
Yes 47 (9.2) 6 (5.9)
No 433 (54.6) 85 (83.3)
History of migraine treatment .80
Yes 23 (4.5) 5 (4.9)
No 450 (87.9) 86 (83.3)
History of substance or alcohol use treatment 42
Yes 2 (0.4) 1 (1.0)
No 471 (92.0) 90 (88.2)
Ethnicity
African American 69 (13.5) 26 (25.5)
Asian American 4 (0.8) 0 (0.0)
Biracial or multiracial 10 (2.0) 5 (4.9)
Caucasian 415 (81.1) 67 (65.7)
Hispanic American 3 (0.6) 2 (2.0)
Latin American 3 (0.6) 0 (0.0)
Other 8 (1.6) 2 (2.0)
Sport
Baseball 1(0.2) 0 (0.0)
Crew 0 (0.0) 1 (1.0)
Football 100 (19.5) 39 (38.2)
Men’s basketball 35 (6.8) 11 (10.8)
Men’s ice hockey 49 (9.6) 4 (3.9)
Men’s lacrosse 112 (21.9) 13 (12.7)
Men’s soccer 56 (10.9) 11 (10.8)
Rugby 1(0.2) 0 (0.0)
Softball 1(0.4) 1(1.0)
Volleyball 0 (0.0) 1(1.0)
Women'’s basketball 24 (4.7) 5 (4.9)
Women’s ice hockey 4 (0.8) 0 (0.0)
Women’s lacrosse 38 (7.4) 5 (4.9)
Women’s soccer 68 (13.3) 8 (7.8)
Wrestling 20 (3.9) 2 (2.0)
Other 2 (0.4) 1 (1.0)

a Some participants did not answer all questions.

State University Cancellation, Digits Forward and Digits
Backward, Stroop 1 and 2 Time, and SDMT Total. Of the 11
tests entered in the analysis, 10 of the variables loaded above
0.40 and were thus retained for the final APS Composite. Digits
Backward (0.34) was eliminated. A comparable PCA was
conducted with the following memory indices: IMPACT Verbal
Memory Composite, ImPACT Visual Memory Composite,
BVMT-R Total Immediate and Delayed Recall, and HVLT-R

Total Immediate and Delayed Recall. All variables loaded
above 0.40 and were retained for the final memory
composite. Two neurocognitive composites of mean perfor-
mance were created using the indices from each test from the
battery described herein.

Cognitive variability indices were created for the 2
composites described in the previous paragraph. A measure
of IIV that has been commonly used is the intraindividual
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Table 2. Participant Demographics for Aim 22

Sleep Group
Variable Sufficient (n = 492) Insufficient (n = 100) P Value
Mean = SD
Age, y 18.54 = 1.11 18.53 = 0.96 .94
Wechsler Test of Adult Reading Full Scale-IQ estimate 103.42 = 6.08 103.22 + 6.13 .78
No. (%)
Sex 12
Male 357 (72.6) 80 (80.0)
Female 135 (27.4) 20 (20.0)
Previous concussions, No. .15
0 273 (55.5) 46 (46.0)
1 147 (29.9) 36 (36.0)
2+ 69 (14.0) 18 (18.0)
History of learning disability .79
Yes 16 (3.3) 3 (3.0)
No 448 (91.1) 96 (96.0)
Maybe 2 (0.4) 0 (0.0)
History of attention-deficit/hyperactivity disorder .52
Yes 26 (5.3) 6 (6.0)
No 434 (88.2) 93 (93.0)
Maybe 6 (1.2) 0 (0.0)
History of headache treatment .37
Yes 45 (9.1) 6 (6.0)
No 415 (84.3) 83 (83.0)
History of migraine treatment .83
Yes 23 (4.7) 5 (5.0)
No 430 (87.4) 84 (84.0)
History of substance or alcohol use treatment 43
Yes 2(0.4) 1 (1.0)
No 451 (91.7) 88 (88.0)
Ethnicity
African American 64 (13.0) 25 (25.0)
Asian American 4 (0.8) 0 (0.0)
Biracial or multiracial 10 (2.0) 4 (4.0)
Caucasian 400 (81.3) 67 (67.0)
Hispanic American 3 (0.6) 2 (2.0)
Latin American 3 (0.6) 0 (0.0)
Other 8 (1.6) 2 (2.0)
Sport
Baseball 1(0.2) 0 (0.0)
Crew 0 (0.0) 1(1.0)
Football 92 (18.7) 37 (37.0)
Men’s basketball 34 (6.9) 11 (11.0)
Men’s ice hockey 46 (9.3) 4 (4.0)
Men'’s lacrosse 109 (22.2) 13 (13.0)
Men’s soccer 55 (11.2) 11 (11.0)
Rugby 1(0.2) 0 (0.0)
Softball 2 (0.4) 1(1.0)
Volleyball 0 (0.0) 1(1.0)
Women'’s basketball 24 (4.9) 5 (5.0)
Women’s ice hockey 4 (0.8) 0 (0.0)
Women’s lacrosse 36 (7.3) 5 (5.0)
Women'’s soccer 66 (13.4) 8 (8.0)
Wrestling 20 (4.1) 2 (2.0
Other 2 (0.4) 1 (1.0)

a2 Some participants did not answer all questions.

standard deviation score (ISD).?® The ISD can be considered a
measure of inconsistent performance and is created by taking
the SD of the standard scores across the test battery. An ISD
score was calculated for each composite, resulting in 1 IV
score each for the APS composite and memory composite.

Participants were dichotomized into 2 groups based on
whether an athlete prospectively went on to sustain an SRC
(n = 61) or not (n = 553).

Preliminary Data Analysis. Independent-samples ¢ tests
were conducted to compare demographic characteristics
between sleep groups. The key demographics explored were
age, Wechsler Test of Adult Reading Full-Scale 1Q estimate,
Previous Head Injury Questionnaire total number of
concussions, self-reported history of learning disorder or
attention-deficit/hyperactivity disorder, and history of
treatment for headaches, migraines, or substance or alcohol
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use. None of these demographic variables were different
between the sleep groups, and therefore, none were retained
as covariates. In addition, for our 2 SRC groups (insufficient
sleepers who sustained an SRC and sufficient sleepers who
sustained an SRC), we compared the time (in days) between
baseline and SRC. No differences were present for the days
between baseline and SRC for the insufficient (mean =
342.46 * 246.72 days) or the sufficient (mean = 552.58 =
509.18; t47 = —1.42; P = .16) group. For all analyses, o
levels were set a priori at .05. Effect sizes were measured
using 1> with the following classifications: small (0.01),
medium (0.06), or large (0.14) effects.?®

Hypothesis Testing Analysis. Aim 1. A y* test of
independence was computed to compare the proportions of
sufficient and insufficient sleepers who went on to sustain
versus not sustain an SRC.

Aim 2. Multivariate analyses of variance (MANOVAs)
were conducted to explore group differences in the outcome
measures. Four MANOVAs allowed for comparisons
between the 2 insufficient sleep groups and then the 2
groups that went on to sustain an SRC, according to self-
reported and cognitive outcomes.

e Insufficient sleepers with SRC versus insufficient
sleepers without SRC. To examine self-reported symptoms,
we entered 5 dependent variables into this MANOVA:
cognitive, affective, physical, and sleep symptom clusters
from the PCSS and a headache rating. For cognitive outcomes,
4 dependent variables were entered into the MANOVA: mean
memory composite, mean APS composite, memory IIV, and
APS IIV.

e Sufficient sleepers with SRC versus insufficient
sleepers with SRC. We also applied the same 2 MANOVAs
to address differences between these groups for self-reported
symptoms and cognitive outcomes.

RESULTS
Aim 1

A greater proportion of insufficient sleepers (15.69%)
than sufficient sleepers (8.79%) went on to sustain an SRC
(2 (N =614) =4.52, P =.03, ¢ = —0.09). To rule out the
possibility that either group had a greater opportunity to
sustain an SRC (ie, more time being followed prospec-
tively during their athletic careers at our university), we
conducted follow-up independent-samples ¢ tests to
evaluate the time between baseline testing and SRC (in
days). The 2 groups did not differ (¢4 = —1.42, P = .16,
d = 0.13).

Aim 2

With regard to baseline symptom reporting, insufficient
sleepers with SRC and insufficient sleepers without SRC
did not differ (Fy 94 = 1.44, P = .22, 1 = 0.07). Overall,
the insufficient sleep group that sustained an SRC
performed worse on cognitive outcomes at baseline than
the insufficient sleep group that did not sustain an SRC (£4 95
= 3.27, P = .02, n* = 0.12). However, 1 cognitive domain
was different between groups: insufficient sleepers who went
on to sustain an SRC performed worse on the mean APS
composite (Fog = 9.31, P = .003, n* = 0.09). The 2
insufficient sleep groups did not differ regarding the mean
memory composite (Fj oz = 0.21, P = .65, n* = 0.002) or

Table 3. Multivariate Analysis of Variance Results for Self-
Reported Symptoms?

Comparison F Value P Value Partial n?
Insufficient sleepers with SRC vs insufficient sleepers without SRC
Overall 1.44 22 0.07
Cognitive 6.60 .01° 0.06
Affective 3.53 .06 0.04
Physical 4.15 .04 0.04
Sleep 3.62 .06 0.04
Headache 2.96 .09 0.03
Sufficient vs insufficient sleepers with SRC
Overall 4.89 .001° 0.31
Cognitive 12.55 .001° 0.18
Affective 5.29 .03° 0.08
Physical 12.01 .001° 0.17
Sleep 21.02 <.001° 0.26
Headache 13.08 .001° 0.18

Abbreviation: SRC, sport-related concussion.

aPartial n2 effect sizes: small (0.01-0.05); medium (0.06-0.14);
large (>0.14).

b Significant at the .05 level.

IV in either the memory or APS domain (F, 93 = 0.14,
P =.71,7? = 0.001 and F; g3 = 0.55, P = .46, n* = 0.006,
respectively). Results of the symptom report and cognitive
functioning comparisons are provided in Tables 3 and 4,
respectively.

In terms of symptom reporting, the 2 groups that went on
to sustain an SRC differed in that the insufficient sleep group
described more overall symptoms (Fs 55 = 4.89, P = .001,
n? = 0.31). The insufficient sleep group that went on to
sustain an SRC recounted more symptoms than the sufficient
sleep group that went on to sustain an SRC in each of the 4
symptoms clusters: cognitive (£ 5o = 12.55, P =.001, n’ =
0.18), affective (F; 59 = 5.29, P = .03, n? = 0.08), physical
(Fis0 = 12.01, P = .001, n*> = 0.17), and sleep (F}s59 =
21.02, P <.001, n* = 0.26) and in headache (F 59 = 13.08,
P = .001, n* = 0.18). Overall, the effect size of the
difference in cognitive functioning between the groups was
large, though it did not meet the threshold for statistical
significance (Fy 54 = 2.31, P = .07, n* = 0.15). Regarding

Table 4. Multivariate Analysis of Variance Results for Cognitive
Outcomes?

Comparison F Value P Value Partial n?
Insufficient sleepers with SRC vs without SRC
Overall 3.27 .02° 0.12
Mean memory composite 0.21 .65 0.002
Mean APS composite 9.31 .003° 0.09
Memory 11V 0.14 .71 0.001
APS IV 0.55 .46 0.006
Sufficient vs insufficient sleepers with SRC
Overall 2.31 .07 0.15
Mean memory composite 0.06 .81 0.001
Mean APS composite 7.72 .007° 0.12
Memory 11V 0.008 .93 0.00
APS IV 0.66 42 0.01

Abbreviations: APS, attention and processing speed; 11V, intraindi-

vidual standard deviation; SRC, sport-related concussion.

aPartial n? effect sizes: small (0.01-0.05); medium (0.06-0.14);
large (>0.14).

® Significant at the .05 level.
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specific cognitive outcomes, the group differences were
driven by mean performance on the APS composite (£} 57 =
7.72, P = .007, n* = 0.12). No differences were seen
between the groups for mean memory performance (F 57 =
0.06, P = .81, n* = 0.001) or either IIV composite (APS:
Fy57 = 0.66, P = .42, n* = 0.01; memory: F; 57 = 0.008,
P = .93, n> = 0.00). Results of the symptom report and
cognitive functioning comparisons are located in Tables 3
and 4, respectively.

DISCUSSION

The broader literature has identified reduced quality of
life, increased stress responsivity, somatic pain, cognitive
and memory deficits, and increased risks for hypertension,
cardiovascular disease, and morbidity and mortality as
some of the long-term consequences of poor sleep.’’
Researchers who specifically investigated the effect of
insufficient sleep in college students have mostly explored
how insufficient sleep affected baseline symptom reporting
and cognitive functioning. Previous authors®® have sug-
gested that in healthy, nonconcussed athletes at baseline,
insufficient sleep leads to increased symptom reporting but
not objective cognitive deficits. Yet the long-term conse-
quences of insufficient sleep on collegiate student-athletes
as a specific population have been less well studied. Our
aims were to examine the relationships among insufficient
sleep at baseline, the risk for prospectively sustaining an
SRC, and the symptom reporting and cognitive perfor-
mance associated with both factors.

Our hypothesis for aim 1 was supported. When compared
at baseline, a greater proportion of athletes reporting
insufficient sleep went on to sustain an SRC during their
playing careers at our university than did those reporting
sufficient sleep. In fact, the insufficient sleepers sustained
SRCs at nearly twice the rate of the sufficient sleepers in
our sample. It may be that insufficient sleep at baseline
reflects broader sleep patterns in athletes and that the
cumulative effect of these sleep difficulties increases the
risk for SRC. This may occur via more dangerous playing
behavior, reduced attention or reaction time while playing
sport, or a reduced threshold for brain injury.

Our second aim was to explore baseline factors that might
be associated with insufficient sleep at baseline and the
likelihood of sustaining an SRC in the future. We conducted
2 sets of group comparisons: 1 among all insufficient
sleepers (those who sustained an SRC and those who did
not) and 1 among all athletes who went on to sustain an
SRC (insufficient sleepers and sufficient sleepers at
baseline). Our hypotheses for our second aim were partially
supported. The insufficient sleep group that went on to
sustain an SRC performed worse on the mean APS
composite at baseline than the insufficient sleepers who
did not sustain an SRC. This was a medium to large effect
size accounting for 9% of the variance in group differences
with the insufficient sleepers who did not sustain an SRC.
The insufficient sleepers who did and those who did not
sustain an SRC were not different in terms of mean memory
performance or IIV. We also evaluated symptom reporting
and, regardless of whether insufficient sleepers went on to
sustain an SRC, at baseline, all described similar levels of
symptoms. Given that prior researchers®! demonstrated
that insufficient sleep at baseline was associated with

reports of the heterogeneous and nonspecific symptoms of
an SRC, we expected that our insufficient sleep group
would recount a high level of symptoms. However, our
results expand our understanding of baseline cognitive
functioning in this insufficient sleep group. Prior investi-
gators®!? did not identify an association between cognitive
deficits and insufficient sleep at baseline. When we
differentiated between insufficient sleepers who went on
to incur an SRC and those who did not, we found that the
former group performed worse on APS measures at
baseline. It may be that for a subset of insufficient sleepers,
processing speed and attention are impaired and this
combination leads to an increased risk of injury.

Consistent with earlier results,” among all athletes who
went on to sustain an SRC, the insufficient sleep group
reported more baseline symptoms in all 4 clusters and
headache than the sufficient sleep group. Regarding
cognitive outcomes, the 2 groups that went on to sustain
an SRC differed only in mean APS performance at baseline:
the insufficient sleep group performed worse on tests of
APS at baseline than the sufficient sleepers, and the effect
size was large. This outcome provides further evidence that
reduced attention and slowed processing speed, combined
with insufficient sleep, may play roles in the risk for future
SRC. Taheri and Arabameri*? found that, in collegiate male
athletes, total sleep deprivation was associated with
significantly slower reaction time. Our work demonstrated
that total sleep deprivation may not be necessary, as
insufficient sleep at baseline may have a cumulative effect
leading to reduced processing speed. Overall, when
compared with either insufficient sleepers who did not go
on to experience an SRC or sufficient sleepers who did, the
latter sleep group performed worse at baseline on APS
measures.

Several potential explanations exist for why insufficient
sleep at baseline may increase the likelihood of sustaining
an SRC. Previous authors'? observed that chronic lack of
sleep predicted other types of injuries, including orthopae-
dic injuries. Taken together, the combination of insufficient
sleep, reduced attention, and slowed processing speed, as
described in aim 2, may create conditions under which an
athlete is more susceptible to an SRC, as we noted for aim 1.
This may be the result of lapses in attention potentially
increasing the risk for injury.®*3** Alternatively, as has been
suggested for orthopaedic injuries, SRC may be more
common due to degraded sport performance, reduced body
control, increased difficulty responding on the field, and poor
visual tracking and reaction time during in-sport activities,
Whic}bmay be secondary to insufficient sleep and deficits in
APS.

These findings have important implications for SRC
management, particularly at baseline. Athletes reporting
insufficient sleep at baseline may be referred for more
comprehensive assessment of the type and nature of their
sleep difficulties. These can then be targeted with
interventions. It is important to acknowledge the many
nonpharmacologic, evidence-based practices to target sleep
difficulties, such as cognitive-behavioral therapy for
insomnia and sleep hygiene practices.>

The current study had several limitations. First, sleep was
measured using a single-item, self-reported measure. A
single night’s sleep may be influenced by idiosyncratic
factors the night before baseline testing. However, in our
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sample, 197 athletes at baseline completed the Cognitive
Health Questionnaire, which asked them to report the
“average amount of sleep in a 24-hour period.” This
average rating of sleep and the rating of the single night’s
sleep from the ImPACT were moderately positively
correlated (7195 = 0.29, P < .001). Although this method
is cost-effective and time-effective and has been used in
prior research involving student-athletes, polysomnography
is the criterion standard objective measure of sleep quantity,
and future researchers should focus on objective sleep
measurement. Objective measures can provide detailed
information regarding both the quantity and quality of
sleep, including metrics such as sleep efficiency and sleep
architecture. Understanding more about sleep quality will
be an important area of future study because this factor is
often the first target in evidence-based practices to improve
sleep, such as cognitive-behavioral therapy for insomnia.
Our method was additionally limited given that a single
night’s sleep was used to infer athletes’ behavior longitu-
dinally. Another limitation was that important elements
were cross-sectional, specifically with sleep and cognitive
functioning being measured on the same day. Therefore,
this limits our ability to draw assumptions about the
direction of these relationships, and future investigators
may measure sleep over longer periods of time to determine
the directionality between poor sleep and deficits in APS.
Furthermore, we conducted this study on a sample of
majority male, White, Division I collegiate athletes. Thus,
these findings may not be generalizable to a more
heterogeneous population, and assessment of more diverse
populations is warranted.

Overall, our results contribute to the literature and show
that insufficient sleep at baseline may have prospective
implications for athletes by increasing their risk of
sustaining an SRC. In addition, insufficient sleepers with
deficits in APS are also at increased risk for sustaining an
SRC. Whereas prior authors have focused on baseline
differences in cognitive functioning, we were able to
prospectively examine this variable among insufficient
sleepers who went on to sustain an SRC. The combination
of insufficient sleep and worse APS performance was
associated with sustaining an SRC and highlights the
possibility that sleep may be an important target for primary
intervention at baseline to reduce the risk of an SRC.
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