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Concussion, Sleep, Mental Health, & 

Cognition – In no particular order



Neuropsychology Application

• Distinguish injury from non-injury factors:

• Neurologic vs. 

• Psychiatric vs.

• Neurodevelopmental vs. 

• Psychosocial/Family factors

• Or more often the case, a combination of 
these factors



Epidemiology of Concussion

• CDC: approximately 1.7 million Americans sustain annual 
traumatic brain injury (TBI)
– approximately 70% (i.e., 1.2 million) considered mild (mTBI)

• Several groups of authors have noted that the actual number of 
TBIs annually is likely much higher, as many go undiagnosed, 
unreported, and thus uncounted. 

• Estimated total expenditures exceeding $21.5 billion per annum 
for mTBI alone



Characterizing TBI





• 5 subtypes:

– Cognitive 

– Ocular-motor 

– Headache/migraine 

– Vestibular

– Anxiety/mood

• Also considered sleep disturbance and cervical strain as 
associated conditions





Oregon Legislation
• Senate Bill 1547 (2018) takes effect in 7/2020

– Allow a larger range of medical professions to make medical 
clearance decisions if they undergo an education module 

– Previously allowed:
• Physicians, nurse practitioners, physician assistants and 

(neuro)psychologists

– Now also allowed:
• Chiropractors, naturopaths, physical therapists and 

occupational therapists
• However, not athletic trainers!





Why a Neuropsychologist in Primary Care?

– 82% (n = 6624) first visit within primary care

– 5% (n = 418) within specialty care (e.g., neurology)

– 12% (n = 947) within the ED

• Age: Significantly higher rate of <4 y/o

• Race/Ethnicity: 42% AA patients compared to 5% white 
patients

• Payor: 

– 37% children insured by Medicaid 

– 24% self-pay  

– 7% private insurance





• 16% history of concussion at index concussion

– 22% of those repeat within 2 years vs 15% w/o history of 
concussion

• 8.4% (n = 45) repeat concussion within 1 year

• 16.2% (n = 87) repeat concussion within 2 years 

– including 3.4% (n = 18) with 2 additional concussions

• Risk was 1.5 times higher ≥1 pre-existing co-occurring condition

– Migraine/headache (28.6%)

– Anxiety (25.0%)



• Clinical course and symptom burden risk of repeat injury:

– 2 times greater for one month vs. one week of symptoms

– 2.5 times greater for ≥11 symptoms vs. 0–2 symptoms

– Highly correlated, constructed multivariate models

• Predicted risk increased

• Presence of co-occurring condition non-significant

• The 2-year risk of a repeat concussion did not vary by:

– Sex  

– Insurance payor

– Mechanism of injury



Concussion Severity/Grading & Return to Play (RTP)

• 14 guidelines identified by Collins et al. (1999)

• 3 emerged as the most widely used: 
• The Cantu Grading Scales 
• The Colorado Medical Society Guidelines (CMS) 
• The American Academy of Neurology guidelines (AAN)

• All use mild, moderate, severe ratings

• Generally based upon symptom duration, post-traumatic 
amnesia (PTA), and loss of consciousness (LOC)

• “An examination of the grading systems reveals little agreement 
in grading concussion severity.” 

• Echemendia, Giza, and Kutcher (2015)



Defining Concussion…



Defining Concussion…
• 1601 articles screened, 36 studies included
• 14 reported on criteria for SRC definitions
• 22 on biomechanical aspects of concussion 
• 6 different operational definitions

• Summary/Conclusions: SRC is a TBI that is defined as a 
complex pathophysiological process affecting the brain, 
induced by biomechanical forces with several common 
features that help define its nature.







• Direct or Impulsive forces

• Linear and rotational forces

• 70 – 100 g of force

• Hitting your head does not equate concussion 

• Linear/sequential recovery process

• Physiologic recovery continues after resolution of 
clinical symptoms



https://www.cdc.gov/traumaticbraininjury/symptoms.html



Non-specific Symptoms

• Symptoms of concussion have large 
overlap with:

• Sickness (e.g., cold)

• Poor sleep 

• Stress

• Anxiety

• Depression



General Symptom Resolution Trajectory

• Resolution of clinical symptoms from self-report and 
objective testing typically 1-2 weeks with age moderation

• Physiologic recovery as demonstrated by MRS, fMRI, qEEG, 
etc. is variable and outlasts clinical recovery, but latter 
recovery is 45 days to 3 months typically. 
• Kamins et al., 2017

• As a provider:
• Linear/sequential recovery process, symptoms do not wax and wane

• Consideration of premorbid/concomitant factors for prolonged recovery
• Exception is symptom exacerbation with physical exertion in acute recovery period

• Symptom report in acute recovery period is most reliable







• Single mTBI vs. multiple mTBI very small differences (d = .06)
– Limited to trivial cumulative impact

• Executive functions most susceptible to multiple mTBI
– White matter maturation occurs last in frontal lobes

• Yet to identify threshold (e.g., 5th concussion) that predicts 
longstanding neuropsychological impairment



• The long term cumulative effects of concussion regarding 
cognition is a contentious research topic:

– Some reviews find negligible impairments or inconclusive findings

• Karr, Areshenkoff, & Garcia-Barrera, 2014; 

• Solomon, Ott, & Lovell, 2011; 

• Yumul & McKinlay, 2016

– While others show long-term cognitive effects from repeated 
concussion primarily related to elite athlete status 

• Manley et al., 2017 

• Vos, Nieuwenhuijsen, & Sluiter, 2018



Concussions vs. Repetitive Sub-Concussive Impacts

• High contact athletes (football) perform worse 
than low contact athletes (basketball, baseball, 
soccer, wrestling, volleyball, paddling, and 
cheerleading) on ImPACT testing. 
– Tsushima et al. (2016)

• High contact (lineman) youth football players 
perform worse than low contact (receivers and 
defensive backs) players on ImPACT testing. 
– Tsushima et al. (2017) 



Concussions vs. Repetitive Sub-Concussive Impacts

• Exposure to contact football before or after age 
12

– >2 times increased odds for problems with 
behavioral regulation (e.g., easily angered), 
apathy, and executive function (e.g., 
organizing/planning)

– >3 times increased odds for depression

• Alosco et al., 2017



1-time NP Consultation as PCS Intervention

Kirkwood et al., 2016





• Minimal impact on school grades, national exam 
scores, and graduation rates at a group level. 

• PCS symptoms and self-reported executive 
dysfunction more predictive of poor school 
performance than cognitive testing. 

• Concussion team at school still very important 
for reintegration into school following rest. 

• How much does missed school matter?





Concussion

Pain

Psychiatric

Iatrogenic

Sleep





Best Predictors of Outcome in Concussion
• Age: mixed findings

• Sex: mixed findings

• Prior Concussions: mixed findings

• Migraine: mixed findings

• ADHD, LD, etc.: minimal support

• LOC: minimal support

• PTA: minimal support

• Headache (post-injury): worse 
outcomes

• Total symptom report: strong 
evidence of worse outcomes

• Mental health history: strong 
evidence of worse outcomes





• Co-morbid problems like depression, anxiety, 
and sleeplessness are inherent in chronic pain.

• The brain responds to ‘painful’ or nociceptive 
events in a host of brain regions/ circuits in a 
flexibly accessible manner:
– Sensory 

– Discriminatory

– Emotional/affective 

– Cognitive/decision making 

– Brainstem modulatory 

– Motor



• People have higher ratings of pain when sad

– Higher activations in emotional regulatory 
circuitry (e.g., orbitofrontal cortex)



– higher pain processing activation (e.g. 
amygdala, insula, inferior frontal gyrus, 
anterior cingulate).



• People have higher ratings of pain when anxious

– hippocampus/entorhinal complex with interactions to 
the anterior insula and mid anterior cingulate



– higher pain processing activation (e.g. 
amygdala, insula, inferior frontal gyrus, anterior 
cingulate).



Depression, anxiety, and 
threat act as a physiological 

amplifier for pain. 



• Descending Pain Modulatory System (DPMS)
– Inhibitory and facilitatory modulatory action 

largely based upon expectation

– Healthy controls given intravenous painkiller 
during brain-imaging study while given painful 
stimuli throughout. 

• Hidden injection

• Positive expectation

• Negative expectation





Iverson et al., 2015 
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• The most methodologically rigorous studies to 
date have not demonstrated benefit of an initial 
period of 5 to 6 days of complete rest over an 
earlier return to activity.

• Authors could not find studies suggesting that 
thinking, reading, or studying cause 
neurometabolic demands, or changes in the 
brain that could be harmful.



Harmful Effects?
• Nocebo effect 

– Remember the DPMS

– Priming effects

• Activity Restriction Model of Depression
• Physical Deconditioning

• Conclusion: Gradual/graded return to normal life activities 
following 2-3 days in most cases. 

• Similarly, a more recent systematic review concluded 24-48 hours 
of cognitive and physical rest is a appropriate for most patients.
– Schneider et al., 2017 



Additional Psychological Factors Related to Recovery 
• Coping Style/Illness Perception

– Anderson & Fitzgerald, 2018

• Good Old Days Bias
– The tendency to underestimate pre-injury problems and overestimate pre-

injury health.
• Brooks et al., 2014

• Cogniphobia
– Avoidance of mental exertion out of a fear of developing or exacerbating a 

headache.
• Silverberg, Iverson, & Panenka, 2017

• Diagnosis Threat
– Form of stereotype threat - reduced cognitive/academic performance due 

to beliefs or reminders following a neurologic injury. 
• Fresson, Dardenne, & Meulemans 2018 



Risk Factors for Depression in College
• College Students:

– transition into a post-secondary school 

– homesickness 

– academic pressures of meeting grade requirements 

– worries about financial security

• Thurber & Walton, 2012

• Collegiate Student-Athlete
– injury

– involuntary career termination 

– performance expectations 

– possibly overtraining

• Wolanin, Gross, & Hong, 2015







Sleep and Mental Health – Blake et al., 2017
• 30-40% of US youth experience inadequate sleep
• 30% have a sleep disorder

– Insomnia
– Delayed Sleep Phase Disorder

• Pervasive in psychiatric disorders
– Share highest % of connected symptoms within all symptoms of DSM-IV

• May precipitate and maintain psychiatric conditions

–  Sleep  Anxiety & Depression

MORE THAN

–  Anxiety & Depression  Sleep 



Sleep and General Health

• Sleep deprivation increases risk of:

– Illness susceptibility (4x increase of cold less than 6 hours)

– Orthopedic injuries

– <8 hours 2x increase in concussion rates in youth

– Lifestyle disease (e.g., diabetes, obesity, heart disease)

– Dementias

• 60% of Alzheimer’s patients have sleep disorder that preceded 
diagnosis by several years

– Mortality 

• Decades decrease in life expectancy with chronic sleep 
deprivation



Sleep and TBI risk

• Sleep deprivation hinders:

– Reaction time

– Judgment 

– Balance 

– Coordination 

– Proprioception 

– General cognition (learning, memory, problem solving, etc.)



College Athlete Sleep Estimates

• Athletic-academic schedules/demands (e.g., travel schedule), 
approximate to two full time jobs

• Collegiate athlete social and physical environments are not 
conducive to promoting healthy sleep 

• American College Health Association survey data of 14,000 
athletes (2015-2017) note 60% report insufficient sleep and 
daytime fatigue three or more days a week

• Kroshus et al., 2019



College Athlete Sleep Estimates
• Recent study of 628 collegiate athletes, Mah et al. (2018) found:

– 42% experience poor sleep quality (PSQI ≥ 5) 

– 39% regularly obtain inadequate sleep (<7 hrs during week) 

– 51% report high levels of daytime sleepiness (ESS ≥ 10)

– 1st and 2nd year athletes report highest daytime sleepiness

– Sleep quality better during travel vs. home



Sleep Disturbance Following Concussion

• 30-70% report sleep difficulties 1-3 weeks post-injury

– Hypersomnia is common

• Following acute phase of recovery

– 30% report insomnia

– Approximately 40% can have circadian rhythm shift (delayed)

– 40-70% report fatigue

– 30% report sleep apnea

• The pattern and time frame of sleep disturbance may vary 
substantially among patients who have sustained a concussion. 

– Mosti, Spiers, & Kloss, 2016



Sleep and Concussion
• Subjective sleep complaints are 3x more likely to develop concomitant 

headaches in the first 6 weeks following an MTBI. 
– Also more likely to have depressive symptoms and irritability. 

• Chaput et al., 2009

• Sleep disturbance in the acute TBI period was associated with 
increased symptoms of depression, anxiety and apathy (mild TBI group 
only) 12 months post-injury.

• Rao et al., 2014

• In fact, sleep disturbance, even in the acute post-TBI period, predicted 
the development of anxiety and depression in the chronic period for all 
severities of TBI.

• Morse & Garner, 2018







Consultation & Management 
Model



Generally

• Set positive and realistic expectation!
– Expectancy effect

– Importance of early education – well validated intervention

– Null effects for cognitive rehabilitation per 2 systematic reviews 
and empirical support for vision therapy is tenuous

• Resume normal activities as soon as reasonably possible, 
including light exercise!

• Reinforce progress!
– Prolonged symptom pacing recommendations = iatrogenic





• Prospective, multicenter cohort study (9 EDs)
– 5-18 cohort (average was 12)

– 2413 participants (40% female)

• Physical activity participation and PCS severity 
were rated using standardized questionnaires in 
the ED and at days 7 and 28 post-injury.

• Physical activity within 7 days of acute injury 
compared with no physical activity was 
associated with reduced risk of PCS at one 
month. 





• N = 103 
– (aerobic exercise: n = 52; 24 female [46%]; stretching, n = 51; 24 female 

[47%])

• Exercise group seen a mean (SD) of 4.9 (2.2) days after SRC 
• Stretching group seen a mean (SD) of 4.8 (2.4) days after SRC

• No differences in age, sex, previous concussions, time from injury, 
initial symptom severity score, or initial exercise treadmill test and 
physical examination results.

• Exercise recovered in a median of 13 (IQR = 10-18.5) days
• Stretching recovered in a median of 17 (IQR = 13-23) days 

– (P = .009 by Mann-Whitney test) 

• Nonsignificant lower incidence of delayed recovery in the aerobic 
exercise group (2 participants [4%] in the aerobic group vs 7 [14%] in 
the placebo group; P = .08).



What is CBT-I?

• Cognitive–behavioral sleep interventions are short-term, 
multicomponent, goal-oriented psychotherapeutic treatments. 
They aim to modify the patterns of thinking and behavior that 
may be underlying an individuals sleep disturbance, such as: 
poor sleep hygiene, irregular sleep–wake schedules, delayed 
bedtimes, pre-sleep hyperarousal, and maladaptive sleep-related 
cognitions.



CBT-I Efficacy for Adults
• 87 RCTs, comparing 118 treatments (3724 patients) to non-treated 

controls (2579 patients) using at least one component of CBT-I 

• Overall, the interventions had significant effects on: 
– Insomnia severity index (g = 0.98) 
– Sleep efficiency (g = 0.71) 
– Pittsburgh sleep quality index (g = 0.65) 
– Wake after sleep onset (g = 0.63) 
– Sleep onset latency (SOL; g = 0.57) 
– Number of awakenings (g = 0.29) 
– Sleep quality (g = 0.40) 
– Total sleep time (g = 0.16)

• Van Straten et al., 2018



Neuropsychology Service in 
Family Med/Sports Med

• Evaluation: 

– Half day and full day evaluations

• Concussion/mTBI

• Neurodevelopmental disabilities

• General neurological conditions



OHSU Concussion Program

• Concussion Treatment Clinic: 

– The concussion follow-up clinic: 3-6 sessions

– Partnership of ATC, NP, Sports MD

–ATC: treadmill test, sensory/motor 
intervention

–NP: sleep protocol, behavioral activation, 
exposure



   5/3/2017  5/9/2017  5/16/2017   6/6/2017 

PHQ-15 (Somatization 
Symptoms) 

17 (Severe)  13 (Moderate)  8 (Mild)   3 (No clinical concern) 

GAD-7 (Anxiety 
Symptoms) 

13 (Moderate)  10 (Moderate)  9 (Mild)   2 (No clinical concern) 

PHQ-9 (Depressive 
Symptoms) 

21 (Severe)  20 (Severe)  11 (Moderate)   2 (No clinical concern) 

PSQI (Sleep Quality) 9 (>poor 
quality) 

 -  -   6 (>5 poor quality) 

 



  6/12/2017  6/19/2017   7/11/2017 

PHQ-15 (Somatization 
Symptoms) 

11(Moderate)  10 (Moderate)   7 (Mild) 

GAD-7 (Anxiety 
Symptoms) 

8 (Mild)  6 (Mild)   2 (No clinical concern) 

PHQ-9 (Depressive 
Symptoms) 

9 (Mild)  4 (No clinical concern)   2 (No clinical concern) 

PSQI (Sleep Quality) 8 (>5 poor quality)  -   6 (>5 poor quality 

 



Screening Tools
• Insomnia

– PSQI or ISI
• Daytime Sleepiness

– ESS
– ESS for Children and Adolescents

• Sleep Apnea
– STOP-BANG

• Sleep Disturbance Scale for Children (6-15 y/o)
• Somatic complaints, Anxiety, Depression

– PHQ-SADS
• PTSD

– PCL-5



Practical take homes 
• Pre-injury mental health and sleep quality will 

predict outcomes

• High acute symptom burden (particularly 
headache), onset of sleep dysregulation and/or 
activity withdrawal will prolong recovery
– Dr. Herring’s perspective on disability

• Early exercise and sleep intervention will likely 
improve clinical outcome

• Returning to normal daily activities (physical, 
recreational, social) as soon as possible (2-3 
days), often gradually/incrementally, will likely 
improve clinical outcome



Practical take homes 
• Linear/sequential recovery process, symptoms do 

not wax and wane
– Consideration of premorbid/concomitant factors for 

prolonged recovery

– Exception is symptom exacerbation with physical 
exertion in acute recovery period

• Symptom report in acute recovery period is most 
reliable

• Consider the person who sustained the concussion, 
not just persistent symptoms through the medical 
lens.
– The more distal from injury, consider referring to a 

mental health therapist rather than a rehabilitation 
therapist. 


