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Concussion risk and symptomology severity in adolescents are
associated with pre-season drowsiness and emotional complaints
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Background: Concussions are an ever present risk for many sports. Underlying emotional disturbances and drowsiness are
associated with worse post-concussion symptom scores. Yet, not study has examined associations of both emotional
disturbances and drowsiness on concussion severity and symptomology.

Objectives: Examine the associations between baseline sleepiness, emotional complaints, and concussion risk and symptom
severity in adolescent athletes.

Methods: A cohort of 626 adolescent athletes underwent baseline/pre-season concussion screening. Those who experienced a
physician diagnosed concussion underwent follow up concussion symptomology assessment. Over 90% of players were seen
within two weeks of the concussion incident. Linear regression examined for associations between concussion symptom scores
and baseline drowsiness and baseline emotional symptoms. Logistic regression examined for association between each symptom
and baseline drowsiness and baseline emotional symptoms.

Results: Of the 626 athletes that underwent baseline testing, 292 experienced a concussion. Of those 292 athletes, 174 (59.6%)
reported baseline drowsiness and 183 (62.7%) baseline emotional symptoms. Baseline drowsiness and emotional complaints
were associated with a 2.6 (95% confidence interval = 1.9 to 3.6) and 2.8 (95% confidence interval = 2.0 to 3.9) times greater odds
of sustaining a concussion respectively. Increased symptomology after concussion was associated with both baseline drowsiness
(unstandardised b = 4.6, p < 0.01) and baseline emotional complaints (unstandardised b = 6.0, p <0.01).

Conclusion: Preseason drowsiness and emotional complaints in adolescent athletes are associated with higher risk of adverse
clinical outcomes following concussion. Therefore, clinicians and coaches should be aware, and properly screen, for sleep and
emotional problems as part of pre-season/baseline health screening.
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Within adolescents, pre-concussion sleep problems are
associated with worse post-concussion symptom scores,
neurocognitive impairment, with recovery from symptoms and

A concussion occurs when the brain
experiences a sudden linear or rotational
acceleration/deceleration of the head relative to

neurological impairment taking longer than those without pre-
the body. This acceleration-deceleration causes & P §-ong P

concussion sleep problems.’l Likewise, pre-concussion
emotional disturbances, including depression and anxiety,
were also associated with worse post-concussion symptom
scores, and again longer recovery from these symptoms
compared to those without pre-concussion emotional
disturbances.®! Yet to our knowledge, no study has examined
both sleep and emotional disturbances simultaneously.
Therefore, this study sought to elucidate associations between
baseline sleep and emotional symptoms with concussion
severity and symptomology in adolescent athletes (10-18 years
old).

a shearing axonal injury which triggers a neuro-metabolic
cascade. Unsurprisingly, athletes in collision sports such as
rugby union are at a high risk of sustaining a concussion.!"]
Repeated concussions may present a long-term risk to
neurological health, which is why concussions experienced
during adolescence (typically 12 to 18 years old) are
particularly concerning. In 2016, close to 20% of a cohort of
adolescents reported experiencing at least one concussion in
their life, whilst 5.5% reported experiencing multiple
concussions.? Furthermore, there have been year-on-year
increase in the number of concussions reported by adolescent
athletes.Bl

The identification and subsequent diagnosis of concussion Methods
relies heavily on symptom questionnaires, which examine  participants
areas of emotions, clarity of thought, sleep, fatigue, and vision

Baseline data from 626 adolescent participants (age =15.5+1.7
problems. Yet these areas are also susceptible to underlying

) ) i ) years) were prospectively collected from a single sports
emotlolnal dlstur.banc.es, such as depression and %nx1ety, and  pedicine clinic (Pretoria, RSA) from 2016-2020. The University
drowsiness, which is largely due to sleep disturbances. ¢ pretoria Human Research Ethics Committee approved

Importantly, emotional disturbances and drowsiness are analysis of the deidentified data (protocol number 486/2020).
prevalent in adolescents.[*!
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Baseline and post-concussion symptomology
assessment
All participants underwent concussion symptomology

assessment (COGNIGRAM®, Cogstate, Vic., Australia) as
part of standard baseline/pre-season assessment. Participants
who were diagnosed with concussion by a physician at the
sports medicine clinic underwent the follow up concussion
symptomology assessment testing at the same time. The
concussion symptomology assessment identifies and grades
24 symptoms (each listed in Table 2) from zero (no symptoms)
to six (very severe).

Baseline sleep and emotional disturbance assessment

Participants were judged to be experiencing drowsiness at
baseline assessment if they responded to having any
“drowsiness” symptoms (score of 1 or more). Likewise,
participants were judged to have baseline emotional
symptoms by averaging the responses to both “more
emotional” and “irritability” symptoms (average score of 1 or

more).

Statistical analysis
All data analysis was completed in R (R Foundation for
Statistical Computing, v4.0.3, Vienna, Austria). Linear

regressions determined associations between overall
concussion symptom scores and 1) baseline drowsiness, 2)
baseline emotional symptoms, and 3) the combination of both
baseline drowsiness and emotional symptoms. Logistic
regressions determined associations between all concussion
symptoms and baseline drowsiness (Model 1), baseline
emotional symptoms (Model 2) and the combination of both
baseline drowsiness and emotional symptoms (Model 3). All
models presented unstandardised  (B), which shows the
relationship between the predictor variable and the
dependent variable after adjustments, significance which was
set at p < 0.05, and 95% confidence interval (CI). All linear
regressions and logistic regressions adjusted for; age, time
from injury, number of previous concussions, loss of memory
during any previous concussion, and loss of consciousness
during any previous concussion. These adjustments were
selected given their known influence on concussion

symptomology.l"

Results

Participants
Of the 626 participants recorded at

analysis. Of the 292 diagnosed with a concussion, 174 (59.6%)
reported baseline drowsiness, whilst 183 (62.7%) reported
baseline emotional symptoms.

Associations and odds ratios of sustaining a concussion for
baseline drowsiness and baseline emotional symptoms

The presence of baseline drowsiness was associated with
increased concussion symptom scores (B = 4.6, p = 0.01, 95% CI
=1.2 to 7.9) and was associated with a 2.6 times greater odds of
sustaining a concussion, compared to those who did not report
baseline drowsiness (95% CI=1.9 to 3.6) (Table 1). The presence
of baseline emotional symptoms was associated with increased
total concussion symptom scores (B = 6.0, p <0.001, 95% CI=2.7
to 9.4), and was associated with a 2.8 times greater odds of
sustaining a concussion (95% CI =2.0 to 3.9) compared to those
who did not report baseline emotional symptoms (Table 1).

When both baseline drowsiness and baseline emotional
symptoms were adjusted within the same model (Table 1), the
presence of baseline emotional symptoms was associated with
increased concussion symptom scores (B =5.0, p=0.006, 95% CI
= 1.5 to 8.6), whereas the presence of baseline drowsiness was
not (B=2.8, p=0.12, 95% CI=-0.7 to 6.3).

Associations of baseline drowsiness and emotional
symptoms on post-concussion symptomology

Associations between all concussion symptoms and post-
concussion drowsiness, symptoms,
combination of the latter two are presented in Table 2.
Respectively, baseline drowsiness was associated with 13/24
symptoms (Model 1), whilst baseline emotional symptoms
were associated with 17/24 symptoms (Model 2). When
examining both baseline drowsiness and emotional symptoms
examined together in the linear regression (Model 3), baseline
drowsiness was associated with seven symptoms, whilst
baseline emotional symptoms were associated with 11
symptoms. Interestingly, only four symptoms, being ‘Balance
problems or dizzy, ‘drowsiness’, ‘more emotional’, and
‘difficulty concentrating’, were simultaneously associated with
both baseline drowsiness and emotional symptoms.

emotional and a

Discussion

This study indicates that in a cohort of adolescent athletes, the
presence of both baseline drowsiness and emotional symptoms

Table 1. The relationship between baseline drowsiness and emotional complaints with the odds
of sustaining a concussion

baseline, 292 (15.7 + 1.69 years, 281

[96.2%] males) sustained a
concussion and therefore completed

a post-injury concussion

symptomology assessment, with 265

participants (91%) completing the
follow-up testing within two weeks

of the injury. For those who

Coefficient  p-value  Odds of sustaining a
(95% CI) concussion (95% CI)
Baseline drowsiness 4.6 (1.2-7.9) 0.0081* 2.6 (1.9-3.6)
Baseline emotional 60(27-94)  0.0005* 28(2.0-39)
complaints
Baseline drowsiness Drowsiness 2.8 (-0.7-63)  0.1200
and baseline emotional Emotional
complaints . 5.0(1.5-8.6) 0.0060*
complaints

experienced multiple concussions
after baseline testing, the most
recent concussion was used in the

* indicates significant association with symptom. All models adjusted for age, time from injury, number of
previous concussions, loss of memory during most recent concussion, and loss of consciousness during most
recent concussion. CI, confidence interval.
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are associated with an increased risk of
concussion and higher concussion

Table 2. Logistic regression associations between concussion symptoms and baseline
drowsiness (Model 1), baseline emotional symptoms (Model 2) and the combination of both
baseline drowsiness and emotional symptoms (Model 3)

symptom scores. Likewise, worsening

baseline sleep and  emotional Model 3
§ymptoms weFe associated W_lth Clinical symptom Model1 | Model 2 Baseline Baseline
increased reporting of post-concussive . emotional
drowsiness ]
symptoms. complaints
The findings that drowsiness and Headache 0.2668 0.3054 0.4212 0.4961
emotional complaints individually are - p, iy r0 in head 02793 | 0.1103 05750 0.1927
associated with concussion risk and
symptoms supports previous Neck pain 0.5662 0.0410* 0.8655 0.0489*
studies.>8 Importantly, this study was Balance problems or dizzy 0.0043* 0.0036* 0.0459* 0.0383*
the first to examine both drowsiness Nausea or vomiting 0.2548 0.1059 0.5435 0.1904
d emotional complaints togethe
anc. emotional compiamis tOgeter v, 1 broblems 02429 | 0.0320* 0.6583 0.0627
within regression models that adjusted
for other known confounders of Hearing problems/ringing 0.0308* 0.0088* 0.1801 0.0426*
concussion, such as  previous Don't feel right 0.4549 0.1428 0.8029 0.1982
concussion history. Dinged/dazed 0.0148* | 0.0446* 0.0624 0.2157
The findin of the baseline
. & . . Confusion 0.0327* 0.0032* 0.2408 0.0175*
drowsiness analysis demonstrating
associations with both a greater risk of Feeling slowed down 0.0595 0.0336* 0.2228 0.1166
sustaining a concussion, and a range of In a fog 0.0222* 0.0205* 0.1109 0.0995
post-concussion symptoms, confirms | SEEHEEEE. 0.0008* | 0.0023* | 00133 0.0395*
findings of Surfinko et al.®! despite
differences in  population  and Fatigue or low energy 0.1336 0.4929 0.1786 0.8631
statistical analysis used. This study More emotional 0.0006* | <0.0001* 0.0204* 0.0022*
also expands on recent findings of  pjpapility 00022 | <0.0001* | 02719 <0.0001*
Raikes et al., which showed players
who reported insomnia symp torP;s };1.3 d Difficulty concentrating 0.0020* 0.0025* 0.0271* 0.0357*
greater odds of sustaining a Difficulty remembering 0.0718 0.0443* 0.2436 0.1398
concussion."! Sadness 0.1518 0.0014* 0.7614 0.0032*
S‘mllaﬂlyf the flmdmg that baseh“; Nervous or Anxious 0.0274* | 0.0002* | 03296 0.0013*
emotional complaints is associate
3 * *
with both a greater risk of sustaining a Trouble falling asleep 0.0135 0.0733 0.0474 0.3155
concussion, and a range of post- Sleeping more than usual 0.0008* 0.1762 0.0020* 0.8516
concussion  symptoms,  confirms Sensitivity to light 0.1226 0.0130* 0.4696 0.0369*
findings of Green et al.,[fl again despite
diff & R 1 gt P d Sensitivity to noise 0.0034* 0.0167* 0.0242* 0.1380
ifferences in  population an —— L L .
statistical analysis used. Somewhat Data are expressed as p-values. * indicates significant association with symptom. All models adjusted for

surprisingly, however, there appears
to be no research examining the effect
of baseline emotional disturbances, including mental health
problems,
populations, despite mental health concerns impacting
baseline screening of concussion.[!]

on concussion risk and severity in adult

An interesting finding was the outcome of the model
adjusting for both baseline sleep complaints and emotional
disturbances, where only baseline emotional disturbances
was associated with greater odds of concussion. Given sleep
disturbances mediate emotional disturbances,'?! this could
explain the lack of association between baseline drowsiness
complaints and concussion risk when also adjusting for
baseline emotional complaints.

Due to the lack of objective concussion-specific assessment
tools, neurological mechanisms to explain the results cannot
be determined. Nevertheless, there are several possible
mechanisms that could explain the results shown.
Neurologically, underlying dysfunction of the limbic system

age, time from injury, number of previous concussions, loss of memory during most recent concussion,
and loss of consciousness during most recent concussion.

may increase the odds of experiencing a concussion, and worse
symptom reporting. The limbic system regulates both sleep and
emotions, primarily through the amygdala,’® and sleep via the
suprachiasmatic nucleus located in the hypothalamus.
Traumatic brain injuries result in chronic changes to neural
circuitry within the limbic system,[5'% resulting in ongoing
emotional disturbances.l'”l Retired National Football League
players demonstrated reduced limbic
compared to age matched controls who have not participated
in collisions sports, '8 but it is unclear whether these reductions
were present prior to, or as a result of, concussion. To address

system volumes

this, future studies should undertake baseline and post-
concussion neuroimaging to examine potential neurological
correlates of concussion. Neuropsychologically, sleep and
emotional disturbances have been independently associated
with increased musculoskeletal injuries.['”l It is hypothesised
both sleep and emotional disturbances may impair vigilance
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and impair skill performance, meaning that players put
themselves in positions which increase the likelihood of
injury. It is reasonable to assume that the same processes
could also increase the likelihood of sustaining a concussion.
Further research is needed to further elucidate this
hypothesis.

Also of note, and not part of the original aims of the study,
was the high level of concussion shown in this population.
The authors suspect that a combination of good knowledge of
concussion risk, and vigilance by those involved within sports
where this population were involved, meant that all players
with a suspected concussion were referred for clinical follow
up. Sport is currently plagued with ‘missed concussions’, so
the increased awareness seemingly demonstrated in this
study may potentially lead to a reduction in these missed
concussions. 2

The strengths of this study were the large patient cohort
utilising the same validated concussion assessment tools for
all participants at baseline and follow up. A further strength
is the follow-up concussion symptomology assessments
occurring relatively soon after injury.

This study did have weaknesses that can be used to guide
future research. The first weakness is the lack of objective
sleep measures, actigraphy and overnight
polysomnography, as well as the lack of validated mental and

such as

emotional health questionnaires. Thus, future studies, as well
as clinical practice, should implement these measures. This
will allow for in depth examination of whether specific sleep
factors, such as a type of sleep disorder, or emotional factors,
such as emotional intelligence and self-awareness, influence
symptom reporting and concussion severity. This information
will also allow clinicians to intervene if any clinical issue
presents, potentially reducing the risk and severity of future
concussions. A further shortcoming is not being able to adjust
for other variables that may affect both drowsiness and
emotional complaints, including medications such as anti-
depressant and sedatives. These weaknesses can be addressed
by implementing objective sleep measures, as well as
validated mental health questionnaires, into future research
and clinical practice. We acknowledge the majority of
concussions in this study occurred in males, making between-
gender analysis difficult. There has been rapid growth of
female participation in collision sports in recent times,
meaning future studies should have larger proportion of
females from which between-gender analyses can occur.

Future research should also examine whether baseline
drowsiness and emotional complaints affects recovery times.
This will help determine whether those with baseline
drowsiness and emotional complaints require different
interventions after concussion.

Conclusion

This study provides novel evidence that sleep problems and
emotional disturbances can precipitate, and exacerbate,
concussion. Therefore, proper screening of sleep and
emotional symptoms in adolescent athletes should become
standard practice to help identify those who may be at risk of

sustaining a concussion, or who may experience worse
symptoms of concussion.
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