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Context 
 

• Mild traumatic brain injuries (mTBIs) 
include both concussions, which occur 
when symptoms are experienced 
immediately after the incident, and sub-
concussions, which occur when no 
immediate symptoms are present. 

• mTBIs are the most common traumatic 
brain injury affecting military personnel, 
but are also among the most difficult to 
diagnose, particularly for sub-concussions.  

• Following significant literature 
documenting the association between 
concussions and neurodegenerative 
conditions, there is increasing concern 
about the possible link between sub-
concussions and neurodegeneration, 
particularly chronic traumatic 
encephalopathy (CTE), which causes 
damage or death to parts of the brain over 
time.  

• This rapid evidence profile aims to examine 
the long-term risks of repetitive sub-
concussive exposures among 
occupationally exposed members of the 
military. 

 

Questions 
 
1) What is known about the association between repetitive sub-concussive exposures and the long-term risks of 

neurodegenerative conditions (e.g., chronic traumatic encephalopathy, Alzheimer’s disease, other forms of 
dementia) for occupationally exposed members of the military, and do these risks vary by sex?  
 

High-level summary of key findings 
 

• We included 52 evidence documents, of which we deemed 32 to be highly relevant, including seven evidence 
syntheses and 25 single studies. 

• Despite a significant volume of literature and increase in recent research in this area, we were unable to conclude 
whether there is an association between repetitive sub-concussive exposures and neurodegenerative conditions, 
largely because of challenges defining and measuring sub-concussions. 

• One recent medium-quality evidence synthesis and one single study specifically examined the association of 
repetitive sub-concussions and neurodegeneration and found a weak association among former football and 
soccer athletes for diseases including dementia, amyotrophic lateral sclerosis, and Parkinson’s disease.  
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• Many of the included evidence syntheses 
and single studies define mTBIs broadly 
including both sub-concussive and 
concussive exposures and point to an 
association between repetitive mTBIs and 
neurodegenerative conditions.  

• In addition to findings based on 
association, findings from neuroimaging 
studies of Veterans and athletes as well as 
animal models (rat and mice) point to a 
number of changes in the brain as a result 
of sub-concussive exposures, many of 
which are also biomarkers for 
neurodegenerative conditions.   

• Finally, we identify novel ways of 
measuring sub-concussive exposures, 
including a recent U.S. study that uses ‘e-
type silhouettes’ equipped with pressure 
gauges to determine the pressure from 
blast exposures that special operations 
forces are exposed to during training.  
 

Framework to organize what we 
looked for 
• Type of repetitive sub-concussive 

exposure 
o Blast  

▪ Primary (i.e., resulting from high 
pressure or overpressure created by 
explosions) 

▪ Secondary (i.e., resulting from 
strong winds following the blast 
wave that propel fragments and 
debris towards the body) 

▪ Tertiary (i.e., resulting from strong 
blast winds and pressure gradients 
that can accelerate and cause blunt 
force injury)  

▪ Quaternary (i.e., resulting from 
other explosive products and from 
exposure to toxic substances that can cause burns, blindness, and inhalation injuries) 

▪ Quinary (i.e., resulting from post-detonation environmental contaminants including chemical, biological, 
and radiological substances)  

o Non blast 
o Mixed 
o mTBI (broadly defined, inclusive of both sub-concussive and concussive exposures) 

• Neurodegenerative conditions 
o Chronic traumatic encephalopathy (CTE) 
o Alzheimer’s disease 
o Dementia (all cause) 

At the beginning of each rapid evidence profile, we engage a 
subject matter expert who helps us to scope the question and 
ensure relevant context is taken into account in the summary of 
the evidence. 
 
We identified evidence addressing the question by searching 
Health Systems Evidence, PubMed, and hand-searching the 
Forces in Mind Trust research repository. All searches were 
conducted on 4 March 2024. The search strategies used are 
included in Appendix 1. In contrast to synthesis methods that 
provide an in-depth understanding of the evidence, this profile 
focuses on providing an overview and key insights from relevant 
documents.  
 

We searched for full evidence syntheses (or synthesis-derived 
products such as overviews of evidence syntheses) and protocols 
for evidence syntheses.  
 
We appraised the methodological quality of evidence syntheses 
that were deemed to be highly relevant using AMSTAR. 
AMSTAR rates overall quality on a scale of 0 to 11, where 11/11 
represents a review of the highest quality. The AMSTAR tool 
was developed to assess reviews focused on clinical interventions, 
so not all criteria apply to evidence syntheses pertaining to 
delivery, financial, or governance arrangements within health 
systems or to broader social systems.  
 
A separate appendix document includes: 
1) methodological details (Appendix 1) 
2) key findings from included evidence syntheses and primary 

studies (Appendix 2) 
3) details about each identified synthesis (Appendix 3) 
4) details about each identified single study (Appendix 4) 
5) documents that were excluded in the final stages of review 

(Appendix 5). 
 
This rapid evidence profile was prepared in the equivalent of 
three days of a ‘full-court press’ by all involved staff. 

Box 2: Approach and supporting materials 
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o Parkinson’s disease  
o Other movement disorders (e.g., ataxia, motor neuron disease) 

• High-risk military occupations and roles  

• Biological sex 
o Male 
o Female 

• Other factors that may affect long-term risks 
o Number of sub-concussive exposures 
o Early or immediate return to high-risk activities 
o Nature of protective equipment available (including the consistency with which it is worn and whether it fits 

correctly) 
o Mis- or delayed diagnosis 
o Co-morbid post-traumatic stress disorder (PTSD) or mental health conditions 
 

What we found 
 
We included 52 evidence documents, of which we deemed 32 to be highly relevant. The 32 documents include 
seven evidence synthesis and 25 single studies, of which 16 (one evidence synthesis and 15 single studies) focus on 
military and Veteran populations.  
 
Documents were included and determined to be highly relevant if they focused on sub-concussive exposures (or 
included definitions of mTBIs that were inclusive of sub-concussive exposures) and included a focus on 
neurodegenerative conditions.  
 
Coverage by and gaps in included evidence documents 
 
Despite a significant volume of literature and an increase in recent research in this area, we were unable to conclude 
whether there is an association between repetitive sub-concussive exposures and neurodegenerative conditions. This 
is largely a result of there being no conclusive definition for sub-concussive exposures (in part due to no conclusive 
determination of biomarkers for sub-concussive exposures) and limited methods that document when sub-
concussive exposures take place. We did find evidence of associations between mTBIs more broadly (including 
concussive exposures) and neurodegenerative conditions, as well as evidence of biomarkers from repetitive sub-
concussive exposures that share biomarkers for neurodegenerative conditions.  
 
With respect to coverage of the framework above: 

• all the literature (with the exception of select animal models) that analyzed blast-related and mixed exposure is 
focused on military personnel and Veterans 

• findings about non-blast exposure were predominantly derived from athletes, such as football, hockey, and 
soccer players 

• all neurodegenerative conditions in the framework were covered, with most having a larger focus on CTE and 
Alzheimer’s disease 

• evidence documents about high-risk military occupations and roles largely focused on those with combat 
exposure, notably special operations forces and ‘breachers’ (i.e., individuals trained to enter buildings using force, 
often explosives)  

• most of the literature pertained to biological males, except for one study examining differences in male and 
female hockey players (1)  

• evidence documents addressed other factors that may affect long-term risk, which cover both repeated sub-
concussive exposures and their relative risk as compared to single exposures, as well as the mediating and 
potentially compounding effect of PTSD on mTBIs.  
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What existing evidence syntheses and highly relevant single studies tell us about the association between 
repeated sub-concussive exposures and neurodegenerative conditions 
 
While the evidence regarding the association between repeated sub-concussive exposures and neurodegenerative 
conditions remains inconclusive, findings from the identified literature point to this being a rapidly evolving 
evidence base. We organized this literature into four categories of findings: 
1) about the association between mTBIs and neurodegenerative conditions 
2) from neuroimaging on the effects of repeated sub-concussive exposures  
3) from animal models on the effects of repeated sub-concussive exposures  
4) about new methods of measuring or monitoring sub-concussive exposures.  
 
Findings about the association between mTBIs and neurodegenerative conditions 
 
Two documents, one recent medium-quality evidence synthesis and one recent single study, specifically examined 
the association of repetitive sub-concussive exposures and neurodegeneration. The evidence synthesis found a weak 
association between repetitive sub-concussive exposures among former football and soccer athletes and 
neurodegenerative diseases, including dementia, amyotrophic lateral sclerosis, and Parkinson’s disease.(2) A recent 
single study examined amateur football players with no medical history of concussion found self-reported executive 
function impairments later in life, regardless of self-reported concussions, suggesting that sub-concussive injuries 
may be as damaging as self-reported concussions.(3) The study did not report associations with specific 
neurodegenerative conditions.  
 
Beyond repetitive sub-concussive exposures, four evidence syntheses (two recent medium-quality and two recent 
low-quality) and four single studies reported associations between mTBIs (broadly defined) and an increased risk for 
developing neurodegenerative conditions, including Alzheimer’s disease, dementia, and Parkinson’s disease.(4-11) 
The four studies focused primarily on U.S. Veterans with a history of blast and combat exposure.(8-11)  
 
Two studies reported dose-response relationships, whereby an increased number of mTBis reduced physiological 
recovery and increased symptoms following exposure.(3; 12)  
 
Findings from neuroimaging on the effects of repetitive sub-concussive exposures 
  
Though neuroimaging studies do not demonstrate associations between sub-concussive exposures and 
neurodegenerative disorders, they are critical for understanding the mechanisms of brain injuries and can point 
towards the development of neurodegenerative disorders over the long-term.  
 
For repeated blast and mixed exposures, neuroimaging studies reported the following changes to Veterans’ brains: 

• increased cortical retention, elevated levels of neurofilament light chain proteins and increased perivascular 
space, all of which may be indicators of neurodegeneration (13; 14) 

• reduction in auditory event-related potential, which may be a biomarker for future dementia risk (15) 

• decreases in retinal axon and central nervous system function, which is also seen in individuals with Alzheimer’s 
disease (16) 

• reduction in cerebral blood flow following three or more sub-concussive exposures, which is also seen in 
persons with Alzheimer’s disease (17) 

• reduction in white matter integrity (18) 

• elevated p-tau in exosomes and plasma total tau, which has been linked to increased risk for mild cognitive 
impairment and Alzheimer’s disease.(19)  

 
With respect to non-blast and non-military related sub-concussive exposures, neuroimaging studies revealed the 
following changes to athletes’ brains:  

• increased neurofilament light chain proteins, which is a biomarker for neurodegeneration (20) 
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• increased microglial activation and high cerebrospinal fluid t-tau concentrations, which could indicate 
downstream CTE-related neurodegeneration (21) 

• reductions in white matter integrity, with greater reduction in the right hemisphere among females.(1)  
 
Two studies also examined the combined effect of mTBIs (defined broadly) and PTSD among Veterans and 
identified increased levels of extracellular vesical, neurofilament light chain, and tau proteins.(22; 23) 
 
Finally, one recent low-quality evidence synthesis examined the role of the APOE-e4 allele and found that while it 
does not increase susceptibility for an mTBI, it does appear to increase likelihood of sustaining white matter injury 
following repetitive mTBIs, which may result in worsened courses of CTE and other neurodegenerative 
conditions.(24) 
 
Findings from animal models on the effects of repeated sub-concussive exposures  
 
Though animal models can be challenging to extrapolate implications for humans, they allow for experimentation to 
better understand the relationship between sub-concussive exposures and neurodegeneration. Seven studies 
exposing rats and mice to repeated primary blasts identified the following resulting changes to their brains: 

• reduction in the hippocampus and a decline in synaptic connections, which may be an early biomarker for 
dementia 

• abnormal p-tau accumulation, endogenous tau deformities, and reduced expression of synaptic proteins 

• phosphorylated tau proteins, which may increase the risk of developing CTE.(13; 25-30) 
 
Findings about new methods for measuring or monitoring sub-concussive exposures 
 
Finally, we identified one recent low-quality evidence synthesis and two single studies that provided insights into 
methods for measuring impacts from sub-concussive exposures. 
 
One recent low-quality evidence synthesis identified modalities that can be used for in-vivo indicators of CTE and 
Alzheimer’s disease, with the most promising being positron emission tomography imaging with tau-binding 
radioligands.(31)    
 
A recent single study found that the cervical joint position error test may be valuable in tracking changes and/or 
identifying deficits in sensorimotor function across time because of sub-concussive incidents.(32)  
 
Finally, a recent study used ‘e-type silhouettes’ equipped with blast pressure gauges to measure the pressure from 
cumulative blasts that special operative forces are exposed to while in training. The study suggested this can be 
added to an individual’s military history to understand lifetime exposure and to support future prevention and triage 
approaches.(33) 
 

 
 
 
 
Waddell K, Dass R, Grewal E, Wilson MG. Rapid evidence profile #69: Examining the long-term risks of sub-concussive exposures among 
occupationally exposed members of the military. Hamilton: McMaster Health Forum, 22 March 2024. 
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