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Practice points

Background

 ●  Case studies dating back to the early 20th century provide evidence of progressive dementia many years after a 
traumatic brain injury (TBI) with loss of consciousness as well as histopathological evidence of Alzheimer’s disease 
(AD) postmortem.

 ●  Many epidemiological studies provide compelling evidence that sustaining a TBI is associated with increased risk 
for degenerative conditions that may result in dementia including AD; however, other high-quality epidemiological 
studies have demonstrated no increased risk for dementia following TBI.

 ●  AD is by far the most commonly diagnosed subtype of dementia, accounting for up to 80% of all dementia cases, and 
thus is the focus of the current review.

 ●  Studies on the risk for dementia following TBI are very difficult to compare due to differences in study design, 
duration of follow-up, operational definition of both TBI and dementia, and differences in the extent to which other 
dementia risk factors are controlled.

 ●  In order to understand the nuanced differences between findings, reviews must examine both the clinical and 
demographic factors that influence the strength and direction of the relationship between TBI and AD.

results of the current scoping review

 ●  Several recent studies reported that TBI is a risk factor for later development of AD and remains so after adjustment 
for other demographic and risk factors.

 ●  Other high-quality studies reported no relationship between TBI and AD; however, studies that enrolled older adults 
may have excluded people with TBI who died or became demented before study entry.

 ●  Studies reporting a conditional relationship between TBI and dementia suggest that factors such as APOE e4 
genotype, more severe injury and age at injury may impact dementia risk.

conclusion

 ●  Given the evidence that dementia risk may increase with injury severity and frequency, a detailed account of age at 
injury, injury severity and number of lifetime TBI exposure is essential to document for future studies.

 ●  The magnitude of risk for dementia associated with TBI varied considerably across studies, and differences were 
largely attenuated by adjusting for known demographic and clinical risk factors for dementia.

 ● Several studies found that history of TBI was associated with significantly more co-morbid medical conditions 
compared with uninjured controls, including conditions that are well-known independent risk factors for dementia. 
It is important to consider the implications of adjusting for conditions that may represent early or prodromal signs 
of dementia or that may represent downstream or secondary consequences of TBI such as metabolic or endocrine 
disorders.
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The late-life effects of traumatic brain injury 
(TBI) have received unprecedented attention in 
recent years. In 2005, a syndrome of progressive 
cognitive, motor and neuropsychiatric symp-
toms initially described almost 80 years prior [1,2] 
found renewed interest when these symptoms 
were described in two professional American 
football players whose brains showed an appar-
ently unique distribution of tau pathology, or 
neurofibrillary tangles (NFTs) [3,4]. This tauop-
athy called chronic traumatic encephalopathy 
(CTE) has since been identified postmortem in 
a small but growing number of individuals [4–7], 
resulting in widespread media attention and pub-
lic health concern about the possible neurode-
generative effects of TBI. Based on preliminary 

neuropathological diagnostic published earlier 
this year [8], CTE has thus far only been found 
postmortem in individuals who were exposed 
to repetitive concussive or subconcussive head 
trauma during life [6].

However, the link between single TBI and 
dementia has been a topic of interest among 
researchers and clinicians for decades. Published 
case studies dating back to the early 20th century 
describe individuals who developed a progres-
sive dementia many years after surviving a TBI 
with loss of consciousness (LOC) and showed 
histopathological evidence of Alzheimer’s dis-
ease (AD) postmortem [9,10]. Throughout the 
1980–1990s, several epidemiological studies 
provided compelling evidence that single TBI 
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Practice points (cont.).

conclusion (cont.).

 ●  Most recent evidence suggests that post-TBI neurodegeneration may represent a disease process that is clinically 
and pathologically distinct from AD; it is possible that delayed post-TBI cognitive and functional decline may be 
misclassified as AD in part due to the absence of a more appropriate diagnostic label.

 ●  Multiple distinct pathological processes may contribute to the late-life neurodegeneration experienced by some TBI 
survivors; more research is needed to define and validate diagnostic criteria for the clinical and neuropathological 
signatures of post-TBI neurodegeneration.

 ●  It is essential for future research to investigate postmortem neuropathological data in well-characterized clinical TBI 
samples in order to understand the population-based prevalence of post-TBI neurodegeneration, its relationships to 
known dementia subtypes and factors that may modify risk or protection.

Future perspective: implications for patient care

 ●  The complex relationship between TBI and AD highlights potential opportunities for intervention, prevention and 
improved clinical management of older adults living with a history of TBI.

 ●  Clinicians and others caring for individuals with TBI can improve long-term health management by providing 
reminders for appointments and follow-up care, writing down recommendations and instructions and involving 
trusted others in healthcare decisions when appropriate.

 ●  Factors that increase risk for dementia among TBI survivors, such as medical comorbidity, substance use and 
psychiatric illness, can and should be treated or managed using existing empirically supported clinical management 
protocols.

There is growing concern about the late effects of traumatic brain injury (TBI). This scoping 
review summarizes clinical research from the past 10 years that evaluates the relationship 
between TBI and Alzheimer’s disease. This review identified five studies that found increased 
risk for dementia after TBI, two studies that found no increased risk and four studies that found 
a relationship only under certain conditions or in specified subsamples. Methodological 
differences across studies preclude direct comparison of results, and discrepant findings 
elucidate the complex course of post-TBI neurodegeneration. We discuss the factors that 
influence the strength and direction of the relationship between TBI and Alzheimer’s disease, 
and the implications of this body of research for patient care and future research.

First draft submitted: 1 April 2016; Accepted for publication: 1 August 2016; Published online: 
7 September 2016
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is associated with increased risk for degenerative 
neurocognitive conditions resulting in demen-
tia [11–15]. AD is by far the most commonly 
diagnosed subtype of dementia, accounting for 
up to 80% of all dementia cases [16]. The terms 
‘dementia’ and ‘Alzheimer’s disease’ are used 
synonymously in some epidemiological stud-
ies, the former referring to all-cause dementia 
(ACD) diagnosis as determined by consensus 
conference [17], or perhaps even medical record 
or self-reported ‘dementia’ of unknown type, 
the latter term referring to probable and pos-
sible AD diagnoses determined using consensus 
criteria [18] or otherwise defined AD-type demen-
tia. Based on these epidemiological studies, TBI 
became widely recognized as the strongest envi-
ronmental risk factor for dementia in general and 
for AD in particular.

This apparent link between TBI and AD stim-
ulated investigation into potential mechanisms 
underlying the association, and the most care-
fully studied pathophysiological mechanism is 
the production and clearance of amyloid-β (Aβ) 
after TBI [19]. However, studies of Aβ peptide 
levels in humans with TBI have produced con-
tradictory results [20,21]. Additional research has 
demonstrated increased levels of hyperphospho-
rylated tau protein, the same protein involved in 
the NFTs in AD, are found in individuals who 
have experienced a severe TBI [22]; however, it 
remains unclear whether or how TBI-associated 
plaques identified acutely after injury develop 
into the dense neuritic plaques that are the 
hallmark pathological features of AD.

Importantly, several large-scale high-quality 
epidemiological studies have found no increased 
risk for dementia associated with TBI [23–30]. 
Differences across studies in design, duration of 
follow-up, operational definition of both TBI 
and dementia, and differences in the extent to 
which other dementia risk factors are controlled 
to make the results of these studies very difficult 
to compare. An exhaustive review of the topic was 
undertaken by the Institute of Medicine (IOM) 
who convened a panel of experts to review the 
relevant literature published prior to 2005. The 
IOM issued a report in which the panel rated 
the evidence available and summarized the long-
term health consequences of TBI [31]. Ten studies 
on TBI and AD were reviewed, and the IOM 
concluded that there is ‘sufficient evidence of 
an association’ between moderate or severe TBI 
and AD. Results were mixed with regard to a 
relationship between mild TBI (mTBI) and AD, 

reporting ‘suggestive evidence of an association’ 
between mTBI with LOC and AD. There was 
‘inadequate evidence’ to determine whether an 
association exists between mTBI without LOC 
and AD [31]. The IOM review also investigated 
the relationship between TBI and other neuro-
degenerative pathologies and found sufficient 
evidence of an association between TBI and 
dementia pugilistica as well as TBI and parkin-
sonism [31]. The relationships between TBI and 
these other neurodegenerative pathologies are 
not investigated in this review, however, because 
this review is focused solely on the relationship 
between TBI and AD.

Another decade has passed since the IOM 
review was completed, and during that time the 
size of the older adult population in the USA – 
defined as persons aged 65 years or older – has 
grown steadily, becoming the fastest-growing 
segment of the population [32]. Updated statis-
tics on TBI from the Centers for Disease Control 
and Prevention indicate that at least 3.5 mil-
lion people sustain a TBI in the USA [33], and 
at least 25% of those injuries are classified as 
moderate or severe [34]. It is therefore urgently 
important to understand and characterize the 
late effects of TBI and to identify the factors 
that may impact risk for late-life neurodegenera-
tion among TBI survivors. The editorial board 
of Neurodegenerative Disease Management invited 
the current authors to characterize the current 
understanding of TBI as a contributor to AD 
and implications of recent research for clinical 
practice. Accordingly, this manuscript presents 
a scoping review of studies on the relationship 
between TBI and AD published since the IOM 
report was completed. We then discuss the rel-
evance and implications of these findings for 
TBI survivors and their caregivers.

Methods
A scoping review involves a search of a prede-
fined area of the literature in order to synthesize 
current knowledge relevant to a given research 
question, identify gaps in that knowledge and 
inform clinical implications of a particular area 
of study [35,36]. Like systematic reviews, scoping 
reviews rely on clear and reproducible methods 
for reviewing the literature and clear criteria for 
study inclusion and exclusion. Unlike system-
atic reviews, scoping reviews do not provide 
an appraisal of study methods and do not rate 
the level of evidence provided by each study. 
The goal of the current scoping review is to 
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summarize the literature on the relationship 
between TBI and AD that has been published 
in the last 10 years since the IOM report [31]. In 
addition to summarizing the results of original 
studies identified through the scoping review, 
we summarize the review papers that have been 
published during this time period.

●● search strategy
Articles were identified through a search of 
manuscripts in the PubMed scientific database 
between December 2005 and February 2015. 
The search combined two strings with the fol-
lowing terms: brain injury or traumatic brain 
injury or concussion or head injury or head 
trauma or brain trauma and Alzheimer’s dis-
ease or dementia or mild cognitive impairment 
or mild cognitive impairment (MCI) or cogni-
tive impairment or neurocognitive impairment. 
Moreover, these terms were required to appear 
in the title or abstract of eligible manuscripts. 
Filters were added to limit the range of publica-
tion dates to the specified 10-year span, to limit 
the species to human and to limit the language 
to English. This search identified 909 potential 
manuscripts.

In the first round of review, studies were 
excluded if: first, they were published in any 
language other than English; second, the sample 
was limited to children or animals; third, they 
described a single-case study and fourth, they 
did not evaluate the relationship between TBI 
and dementia. At this stage, 785 studies were 
excluded; most of these were single-case stud-
ies, intervention studies that did not evaluate 
the relationship between TBI and dementia, or 
focused only the relationship between TBI and 
non-AD neurodegenerative diseases (e.g., CTE, 
Parkinson’s disease, vascular dementia). Studies 
were also excluded if they focused exclusively 
on outcomes associated with repetitive TBI or 
subconcussive head injury exposure but did 
not consider single TBI. Studies that examined 
the relationship between TBI and ACD were 
retained.

The next stages of review entailed either an 
abstract or full-text review to verify inclusion 
eligibility of the remaining 124 manuscripts. A 
total of 93 papers were excluded through these 
stages; the studies either did not measure demen-
tia (e.g., studies of cognitive decline in general 
that did not include AD or ACD as an outcome), 
did not quantify the relationship between TBI 
and diagnosis of dementia (e.g., studies that 

simply described rates of TBI in an AD sample 
without quantifying associated risks) or focused 
exclusively on outcomes associated with repeti-
tive TBI (without also considering single TBI). 
Of the 31 remaining articles, 20 were literature 
reviews that did not include original data analy-
sis; ten of these were excluded because they did 
not characterize or quantify the relationship 
between TBI and dementia. Review papers that 
otherwise met inclusion criteria were retained 
and summarized separately from studies that 
directly evaluated the relationship between TBI 
and AD using original or archived data.

The remaining 11 scientific studies (Figure 1) 
were thoroughly reviewed to extract information 
necessary to describe the following elements: 
study design, sample size, methods of TBI and 
dementia ascertainment, overall findings and 
relevant statistics (e.g., odds ratio, hazard ratio 
[HR]). Review papers that provided additional 
information relevant to this relationship are also 
summarized below.

results
●● studies reporting a clear relationship 

between tBi & dementia
Five of the 11 retained papers concluded a posi-
tive relationship between TBI and dementia 
(table 1). Two of these studies [37,38] were retro-
spective cohort studies of adults who were aged 
55 years or older and dementia-free at baseline, 
and diagnosis of TBI and subsequent dementia 
were obtained through medical record review. 
The sample studied by Barnes et al. [37] consisted 
of veterans and available records did not include 
the date of TBI, which means it was not known 
whether the TBI was recent or remote. Over a 
7-year period, veterans with any history of TBI 
were more likely (16%) to have a dementia diag-
noses recorded in the medical record than those 
with no history of TBI (10%) after adjusting 
for the competing risk of death, demograph-
ics, and medical and psychiatric co-morbidities 
(adjusted HR [95% CI]: 1.57 [1.35–1.83]) [37]. 
In the Gardner et al. study [38], however, state-
wide administrative health data were used to 
identify a sample of individuals whose records 
indicated emergency department or inpatient 
hospital treatment for TBI over a 2-year period, 
and these cases were compared with a control 
group of individuals who were treated for non-
TBI trauma over this same period. Both groups 
were followed for 5–7 years, and those with a 
recent TBI were more likely than their non-TBI 
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Figure 1. stages of manuscript exclusion. 
AD: Alzheimer’s disease; TBI: Traumatic brain injury.

Search algorithm yielded
909 manuscripts

124 manuscripts

49 manuscripts

20 reviews 29 articles

10 reviews included 11 articles included

Exclusion Singe-case study

Sample limited to children or animals

Published in language other than English
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Exclusion
Did not measure dementia 

Focused on outcomes associated with repetitive TBI only 

Exclusion Exclusion
Did not evaluate TBI/dementia relationship

Did not include diagnosis of dementia/AD

Presented same results in multiple manuscripts

Did not evaluate TBI/dementia 
relationship
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trauma counterparts to have a diagnosis of 
dementia recorded in the medical record during 
an emergency department or inpatient hospital 
visit, after adjusting for age, sex and medical and 
psychiatric co-morbidities (adjusted cox ratio 
[95% CI]: 1.26 [1.21–1.32]) [38]. After stratify-
ing by age and TBI severity, the authors reported 
that moderate–severe TBI was associated with 
increased dementia risk across all age groups, 
though mTBI was only associated with increased 
dementia risk above aged 65 years.

Two additional retrospective cohort stud-
ies [39,40] that found a positive relation-
ship between TBI and dementia used the 
same national health insurance database but 
approached the analyses somewhat differently. 

The first of these studies [39] identified individ-
uals who sought care for mTBI over a 3-year 
period, and examined risk for dementia over 
a 5-year period. Patients were excluded if they 
were diagnosed with dementia prior to follow-
up or if they were ever hospitalized for TBI 
(implying a more severe injury), and dementia 
ascertainment required that patients had either 
a catastrophic illness certificate for dementia 
(which implies advanced disease) or were receiv-
ing pharmacological interventions for dementia. 
After controlling for demographics, medical co-
morbidities and other risk factors, adjusted HR 
(95% CI) for dementia associated with mTBI 
was 3.26 (2.69–3.94) [39]. However, the aver-
age time between mTBI and dementia diagnosis 
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was 1 year, suggesting reverse causation may at 
least partially explain results. The other study 
using this national health claims database [40] 
identified individuals who received care for a 
TBI of any severity over a 5-year period, identi-
fied matched comparison cases by age, sex and 
year of index (non-TBI) ambulatory care visit 
and tracked both groups for 5 years to identify 
those who were subsequently diagnosed with 
dementia. After controlling for demograph-
ics and select co-morbidities, the adjusted HR 
(95% CI) for dementia associated with TBI 
was 1.68 (1.57–1.80). Stratified analyses found 
the highest adjusted risk for dementia related to 
TBI (HR [95% CI]: 3.87 [1.98–7.57]) in the 
youngest (15–29 years) age group which may 
reflect enduring cognitive sequelae of severe TBI 
given the short duration of follow-up, followed 
by the oldest (75+ years) age group (95% CI): 
2.60 (2.33–2.91) in which reverse causation may 
partially explain findings. The authors noted 
that AD was not the most common subtype of 
dementia diagnosed in cases with a history of 
TBI [40]. Moreover, in each of these four stud-
ies that compared individuals with and without 
TBI, individuals with TBI had significantly 
higher rates of co-morbid medical conditions at 
baseline [37–40].

The final study in this category included two 
groups of individuals living in nursing homes 
or other long-term care facilities: those with 
prevalent AD (based on validated consensus 
criteria) and a matched dementia-free compari-
son group [41]. People were excluded from the 

control group if they had a history of psychiatric 
disorder or alcohol/drug abuse, which, given the 
high co-occurrence of psychiatric and substance 
use disorders in individuals with TBI [42], may 
have actually excluded some TBI cases from 
this group. A history of TBI with LOC was 
queried via structured interview but had to be 
documented in the medical records, which may 
suggest that more recent TBIs were more likely 
to be ascertained. In a multivariate model that 
included all significant univariate predictors, 
TBI with LOC was significantly, albeit margin-
ally, associated with an increased risk for AD 
(HR [95% CI]: 1.7 [1.0–2.8]) [41]. The authors 
noted that the results of this study of institu-
tionalized older adults may not generalize to the 
community-dwelling population.

●● studies reporting no relationship between 
tBi & dementia
Two of the 11 retained papers concluded that 
there is no evidence of a relationship between 
TBI and AD (table 2). The first study describes 
a population-based cohort study of randomly 
selected individuals over the age of 65 years who 
were dementia-free at baseline and were followed 
at 2-year intervals for an average of 7.4 years [43]. 
Lifetime history of TBI with LOC was gath-
ered using a structured interview at baseline, 
and participants who showed cognitive decline 
from a prior study visit underwent a consen-
sus-based diagnostic evaluation for dementia. 
Results showed that lifetime history of TBI with 
LOC was not associated with risk for incident 

table 1. studies finding a relationship between traumatic brain injury and Alzheimer’s disease.

study (year) Design sample size tBi identification Dementia identification type of 
dementia

ref.

Barnes et al. 
(2014)

Cohort 
retrospective 

188,764 veterans aged 
55 years and over 
and dementia-free at 
baseline

Medical record, using 
ICD-9-CM codes

Medical record, using ICD-9-CM 
codes

ACD, AD [37]

Gardner et al. 
(2014)

Cohort 
retrospective

51,799 adults aged 55 
years and over

Medical record, using 
ICD-9 codes

Medical record, using ICD-9 
codes

ACD [38]

Lee et al.  
(2013)

Cohort 
retrospective

28,551 with mTBI 
692,382 without mTBI

National health 
insurance claims data; 
ICD-9 codes

National health insurance claims 
data; ICD-9 codes

ACD, AD [39]

Wang et al. 
(2012)

Cohort 
retrospective, 
case–control

44,925 with TBI 
224,625 without TBI

National health 
insurance longitudinal 
database; ICD-9-CM

National health insurance 
longitudinal database; ICD-9-CM

AD, VaD, 
dementia 
(unspecified)

[40]

Suhanov et al. 
(2006)

Case–control 260 patients with AD 
260 matched controls

Self-report; medical 
record

DSM-IV criteria for dementia; 
NINCDS-ADRDA criteria for AD

AD [41]

ACD: All-cause dementia; AD: Alzheimer’s disease; ICD: International Statistical Classification of Diseases and Related Health Problems; LOC: Loss of consciousness; mTBI: mild TBI; 
NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders and Stroke – Alzheimer’s Disease and Related Disorders Association; TBI: Traumatic brain injury; 
VaD: Vascular dementia.
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dementia or incident AD in particular and there 
was no interaction between lifetime history of 
TBI with LOC and APOE e4 in increasing 
dementia or AD risk after adjusting for age, sex 
and education [43]. Not even individuals who 
reported a recent TBI (i.e., at their last study 
visit) were at increased risk for dementia [43] in 
this study.

The second study describes another pro-
spective cohort study of individuals who were 
over the age of 65 years and dementia-free at 
baseline [44]. TBI history was queried at base-
line and was considered positive if a participant 
or informant reported a history of head injury 
with or without LOC, and on average the TBI 
occurred nearly 28-year prior, and 40% of TBI 
cases had not experienced LOC but some par-
ticipants reported up to ten prior TBIs with 
LOC lasting up to 87 days. Dementia diagnosis 
was based on consensus conference criteria at 
5-year follow-up. Results indicated that a history 
of TBI was not associated with an increased risk 
for dementia beyond the risk explained by age 
alone. These analyses were stratified by injury 
severity, and neither mild nor moderate–severe 
TBI improved prediction of dementia outcome 
after adjusting for age [44]. While these two 
studies boast large sample sizes and lengthy 
follow-up into late life, it is worth noting that 
people who died or became demented early in 
life (i.e., before the age of 65 years) would have 
been excluded.

●● studies reporting a conditional 
relationship between tBi & dementia
Four of the 11 retained papers found evidence of 
a conditional association between TBI and AD 
(table 3). Papers were categorized into this group 
if a relationship to AD was supported only in 
subgroups of the study sample, or was supported 
in crude or partially adjusted models but not 
when additional covariates were included.

One paper described a prospective cohort 
study of 649 adults who were over the age 
of 60 years and dementia-free at baseline and fol-
lowed annually [45]. Lifetime history of TBI with 
or without LOC was gathered via self-report dur-
ing baseline and follow-up using a structured 
interview. History of TBI was not reported to 
be an independent predictor of dementia, but 
the interaction between TBI history and older 
age was significant for transition from normal 
cognition to MCI and also for transition from 
MCI to dementia. This study was somewhat 
unique in that 82 participants with a history 
of TBI died and underwent autopsy, and neu-
ropathological data indicated that fewer than 
half of the cases who were clinically demented 
at death had neuropathologically confirmed AD, 
while remaining cases had mixed pathology [45].

The second paper described a case–control 
study using data from a population-based pro-
spective longitudinal study of 543 individuals 
over the age of 40 years who were dementia-
free at baseline and were re-evaluated within 
5 years [47]. ACD was diagnosed by clinical 
evaluation conducted with all participants who 
showed evidence of cognitive impairment or 
decline on the Mini-mental State Examination at 
follow-up, and a control group included 2:1 age- 
and gender-matched non-demented subjects who 
scored 24 or higher on the Mini-mental State 
Examination. Lifetime history of TBI was deter-
mined at baseline based on subjects’ self-report of 
“head injury which required medical care”, and 
cases were excluded if there was an indication 
that the TBI occurred less than 5 years prior to a 
dementia diagnosis. The participants were subdi-
vided by APOE e4 carrier status; results indicated 
no increased risk for dementia among noncarriers 
but found a significant association between TBI 
and dementia risk for APOE e4 carriers [47].

Another case–control study used data from 
the National Alzheimer’s Coordinating Center 

table 2. studies finding no relationship between traumatic brain injury and Alzheimer’s disease.

study (year) Design sample size tBi identification Dementia 
identification

type of 
dementia

ref.

Dams-O’Connor et al. 
(2013)

Cohort 
prospective

4225 dementia-free 
individuals, 606 (14.3%) with 
history of TBI with LOC

Self-report DSM-IV criteria for 
dementia; NINCDS-
ADRDA criteria for AD

Incident ACD, 
probable or 
possible AD

[43]

Helmes et al. (2011) Cohort 
prospective

648 (23.5%) with TBI, 2115 
(76.5%) without TBI

Medical record 
or self-report or 
informant report

Clinical consensus 
conference, DSM-III-R 
criteria

ACD [44]

ACD: All-cause dementia; AD: Alzheimer’s disease; LOC: Loss of consciousness; NINCDS-ADRDA: National Institute of Neurological and Communicative Disorders and Stroke – 
Alzheimer’s Disease and Related Disorders Association; TBI: Traumatic brain injury.
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Uniform Data Set to evaluate risk for dementia 
associated with TBI in 8381 adults with clini-
cal consensus-based diagnosis of dementia and 
7862 nondemented healthy controls. History of 
TBI was ascertained in structured interview at 
the baseline visit, and TBIs were categorized as 
resulting in either a brief LOC, extended LOC 
or ‘chronic deficit or dysfunction’. There was 
no increased risk for dementia associated with 
a TBI that resulted in a brief or extended LOC, 
but risk for ACD significantly increased when 
TBI resulted in chronic deficit or dysfunction 
(HR [95% CI]: 3.06 [1.83–5.1]). In additional 
analyses, the available neurobehavioral data for 
62 individuals with ACD and a history of TBI 
resulting in chronic deficit or dysfunction were 
compared with 122 gender- and education-
matched individuals with probable AD and no 
history of TBI. Those with chronic TBI were 
more likely to have symptoms of depression, agi-
tation, irritability and motor dysfunction, which 
was interpreted as evidence that dementia fol-
lowing TBI differs in clinical presentation from 
typical AD [48].

The final paper in this category presents a 
large retrospective cohort study that examined 
the relationship between TBI and dementia risk 
among men who conscripted for military service 
at (on average) 18 years of age between 1969 and 
1986 [46]. Given the young age of the sample at 
enrollment (national healthcare data were avail-
able through 2011), this study focused specifi-
cally on young onset dementia (YOD) associated 
with TBI. Characterization of TBI and dementia 
status after military conscription was based on 
the presence of diagnosis in the medical regis-
ter. After adjusting for demographics, family 

history and select co-morbid conditions, results 
found that TBI (regardless of severity) was not 
associated with YOD of the Alzheimer’s type. 
The authors did find increased risk for non-AD 
YOD associated with one or two mTBIs, and 
also with severe TBI, but these associations were 
markedly attenuated after adjustment for covari-
ates (HRs [95% CI] ranged from 1.7 [1.2–2.3] 
for one mTBI to 2.6 [1.6–4.1] for severe TBI). 
Less than 1% of the sample was diagnosed with 
YOD during follow-up, and from a total sample 
of 811,622, there were only 14 cases of YOD 
among individuals with TBI. Thus, despite 
statistically significant HRs, the absolute risk 
for YOD attributable to TBI in this cohort is 
exceedingly low.

●● review papers commenting on the 
relationship between tBi & AD
Ten review articles met inclusion criteria for 
the current scoping review but did not directly 
evaluate the relationship between TBI and AD 
using new or archived data; these papers are 
summarized here. Six of these papers concluded 
that a relationship exists between TBI and AD. 
In these reviews, TBI is described as a promi-
nent risk factor for AD [49–51], and authors con-
clude that TBI is associated with both higher 
frequency of AD and younger onset [52,53]. Age 
at injury and injury severity were also recognized 
contributors to increasing AD risk, with one 
paper concluding that even mTBI increases risk 
for dementia in adults over aged 65 years [54]. 
Three of the review articles suggested a condi-
tional relationship between TBI and AD. One 
such paper concluded that moderate–severe TBI 
is associated with increased AD risk, but only 

table 3. studies finding a conditional relationship between traumatic brain injury and Alzheimer’s disease.

study (year) Design sample size tBi identification Dementia 
identification

type of 
dementia

ref.

Abner et al.  
(2014)

Cohort 
prospective

649 adults aged 60 years and over, 
166 with history of TBI 
Among the 166 with TBI, 34 met criteria 
for MCI and 27 met criteria for dementia 
at follow-up

Self-report Reduced 
performance on 
cognitive tests; 
medical records; 
AD-positive 
pathology

AD [45]

Nordstrom et al. 
(2014)

Cohort 
prospective

811,622 men Medical record, using 
ICD-8, 9, 10 codes

Medical record, using 
ICD-8, 9, 10 codes

YOD/ACD [46]

Sundstrom et al. 
(2007)

Cohort 
prospective

543 adults aged 40–80 years, 
181 developed dementia

Self-report; medical 
record

DSM-IV criteria for 
dementia

ACD [47]

Sayed et al.  
(2013)

Case–control 8381 adults with dementia, 7862 
controls; 878 had history of TBI

Self-report Consensus-based 
clinical diagnosis

AD, LBD, 
VaD, FTD

[48]

ACD: All-cause dementia; AD: Alzheimer’s disease; FTD: Frontotemporal dementia; ICD: International Statistical Classification of Diseases and Related Health Problems; LBD: Lewy 
body dementia; LOC: Loss of consciousness; TBI: Traumatic brain injury; VaD: Vascular dementia; YOD: Young onset dementia.
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mTBI with LOC (not mTBI without LOC) 
increases AD risk [55]. Another paper recognizes 
a possible link between TBI and dementia, 
but asserts that additional work is necessary to 
determine whether the dementia associated with 
TBI is consistent with clinically diagnosed AD 
or other types of dementia [56]. Other authors 
question whether a direct link exists between 
TBI and dementia, and instead suggest that a 
history of TBI in late life, combined with the 
brain changes associated with normal aging, 
might lead to more rapid cognitive decline in 
older adults [57]. The final review paper, the 
met inclusion criteria, was a systematic review 
which found insufficient evidence to draw any 
conclusion about a potential risk for dementia 
after mTBI [58].

conclusion
Numerous studies have explored the relationship 
between TBI and AD over the past decade, and 
given the tremendous variability across studies 
examining the relationship between TBI and 
dementia, it is not at all surprising that their 
results are inconsistent. The results of the cur-
rent scoping review are overall similar to the con-
clusions of the IOM report [31]. In this scoping 
review of the literature from 2005 to 2015, there 
is further evidence that moderate–severe TBI is 
associated with increased risk for dementia, and 
particularly AD, and some indication that mTBI 
may be associated with dementia risk. Overall, 
the magnitude of risk for dementia associated 
with TBI varies across studies, and adjusting 
for known demographic and clinical dementia 
risk factors tends to attenuate the relationship 
considerably.

The current review highlights several key 
methodological factors that may influence the 
significance and/or strength of the relationship 
between TBI and dementia. First, TBI diagnosis 
ascertainment methods vary considerably across 
studies. Research studies that rely on medical 
records or national health registries for TBI case 
identification are undoubtedly undercounting 
the true prevalence and/or incidence of TBI, 
as evidence suggests nearly 30% of people who 
sustained a TBI never sought medical care [59]. 
Studies that rely on a single-item self-report 
question about TBI history are similarly likely 
to identify only a fraction of lifetime TBIs that 
might be elicited by a more comprehensive 
TBI screening method [60]. Given the evidence 
that dementia risk may increase with injury 

severity and frequency, a detailed account of 
the number, timing and severity of lifetime TBI 
exposure is essential. Dementia ascertainment 
methods are similarly variable across studies, and 
using medical records or self-report for case iden-
tification (as opposed to clinical consensus-based 
dementia diagnosis) likely results in undercounts 
and/or misclassification of dementia subtype.

Age at injury appears to be influential in 
dementia risk [54]; there is evidence that even 
milder injuries sustained in late life may increase 
dementia risk, and reverse causality may at least 
partially explain this finding. Additionally, sev-
eral studies have found that individuals with a 
history of TBI experienced significantly more co-
morbid medical conditions at baseline compared 
with uninjured controls, which is consistent with 
a growing body of research describing the chronic 
health consequences of TBI [61,62]. Of course, 
many of these chronic medical conditions are 
well-known independent risk factors for demen-
tia, and disease burden also increases the risk 
for premature death. It is therefore not surpris-
ing that when dementia risk models are adjusted 
for medical co-morbidities, the risk associated 
with TBI tends to be weakened. However, it is 
worth considering the implications of adjusting 
for conditions that may represent early or prodro-
mal signs of dementia (such as cerebrovascular 
disease or depression), or of adjusting for condi-
tions that may represent downstream or second-
ary consequences of TBI such as metabolic or 
endocrine disorders. Further research is required 
to better understand the ways in which disease 
burden impacts and interacts with dementia risk 
among survivors of TBI.

Another important factor to consider in 
evaluating the relationship between TBI and 
dementia is study inclusion and exclusion cri-
teria. It may seem reasonable to exclude people 
from a ‘healthy control’ group who achieve low 
scores on cognitive screening tests in an effort 
to rule out preclinical dementia cases, but this 
could exclude nondemented patients who have 
TBI-related cognitive impairments. Similarly, 
given the preponderance of substance abuse and 
psychiatric illness among TBI survivors [42], 
excluding people with such histories from a 
nondemented control group may also preferen-
tially exclude nondemented TBI patients from 
the study.

Finally, the studies reported here vary in the 
subtype(s) of dementia considered, and a steadily 
growing body of evidence suggests that post-TBI 
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neurodegeneration may represent a distinct dis-
ease process that is clinically [48,63] and patholog-
ically [45–46,56] distinct from AD. The enduring 
cognitive sequelae of moderate–severe TBI may 
mask further late-life decline and may contribute 
to diagnostic uncertainty when individuals with 
TBI undergo consensus-based dementia evalu-
ations [63]. Data from the National Alzheimer’s 
disease Coordinating Center database suggest 
that despite meeting consensus-based diagnos-
tic criteria, the clinical profiles of older adults 
with dementia differ among demented adults 
with and without a history of TBI, suggesting 
that when TBI does result in dementia it may 
be distinguishable from known dementia sub-
types, including AD [48,63]. Clinical criteria for 
the diagnosis of dementia due to TBI are poorly 
defined and clinical diagnostic criteria for CTE 
or ‘TBI-associated dementia’ do not yet exist, so 
it is possible that delayed post-TBI cognitive and 
functional decline may be misclassified as AD 
in part due to the absence of a more appropriate 
diagnostic label. Pathological data gathered from 
individuals who survive more than a year after 
moderate–severe TBI increasingly suggest that 
post-TBI neurodegeneration is best described as 
a polypathology [64]; in other words, multiple 
distinct pathological processes may underlie and 
contribute to the late-life neurodegeneration 
experienced by some TBI survivors. As discussed 
above, research has also demonstrated increased 
levels of hyperphosphorylated tau protein after 
severe TBI [22,65], hypoxia-related changes in 
gene expression [66], injury-related vascular 
damage [67], chronically upregulated systemic 
inflammatory markers [68,69] and other poten-
tially relevant processes [70], each of which can 
contribute to distinct neurodegenerative patho-
logical processes that may evolve over time after 
TBI. Indeed, the largest study to date on late-
life TBI outcomes was published in July 2016; 
this study pooled data from 7130 adults over the 
age of 65 years who were alive and dementia-
free at the time of entry into prospective longi-
tudinal cohort studies to evaluate associations 
between TBI and late-life clinical dementia 
outcomes and neuropathological findings for 
those with autopsy data [71]. There was no rela-
tionship between TBI with LOC and clinically 
diagnosed AD, but there was a strong associa-
tion between TBI with LOC and Parkinson’s 
disease. Neuropathological findings in 1652 
autopsy cases showed no association between 
TBI with LOC and Aβ plaques or NFTs, the 

hallmark indicators of AD, though there was 
an increased risk for Lewy bodies and cerebral 
microinfarcts among cases with a history of 
TBI [71]. The results of this recent large-scale 
study suggest that TBI does appear to be associ-
ated with late-life clinical and neuropathological 
outcomes, as concluded by several of the stud-
ies included in this review, but that the late-life 
neurodegeneration seen in some TBI survivors 
is something other than AD-type dementia. It 
is clear that more research is needed to define 
and validate diagnostic criteria for the clinical 
and neuropathological signatures of post-TBI 
neurodegeneration.

Future perspective
Uncertainty surrounding the ability to recog-
nize and diagnose post-TBI neurodegeneration 
highlights a key gap in current knowledge. TBI 
is a disease that manifests and evolves with tre-
mendous heterogeneity across individuals over 
time, and at the present time we are unable to 
classify subtypes of this disease in a meaning-
ful way. Long-term neuropathologic effects of 
TBI are largely unknown, particularly as they 
relate to the development of neurodegenerative 
processes. As such, further research is required 
to better understand the underlying mechanisms 
and exacerbating factors (particularly those risk 
factors that may be modifiable) of late or delayed 
neurodegeneration following TBI. Postmortem 
neuropathological data in well-characterized 
clinical TBI samples are essential to understand-
ing the population-based prevalence of post-TBI 
neurodegeneration, its relationships to known 
dementia subtypes and factors that may modify 
risk or protection. Future research in this area 
can inform the development of disease-modi-
fying interventions that align with clinical and 
neuropathological subtypes of chronic TBI.

Despite the inconsistent conclusions across 
studies with regard to the relationship between 
TBI and AD, results of the current review 
highlight potential opportunities for interven-
tion, prevention and improved clinical man-
agement of older adults living with a history 
of TBI. Several factors that increase risk for 
dementia among TBI survivors, such as medi-
cal co-morbidity, substance use and psychiatric 
illness, can and should be treated or managed 
using existing empirically supported clinical 
management protocols. It is important to con-
sider that TBI-related cognitive, behavioral and 
emotional symptoms may negatively impact a 
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person’s ability to manage one’s health inde-
pendently, which can lead to health decline 
over time. To the extent possible, clinicians and 
others caring for individuals with TBI can help 
overcome these challenges by providing remind-
ers for appointments and follow-up care, writing 
down recommendations and instructions and 
involving trusted others in healthcare deci-
sions when appropriate. In addition, evidence 
that late-life TBI is associated with increased 
risk for dementia, together with the finding 
that lifetime history of TBI may account for 
nearly 20% of the population-attributable risk 
for late-life TBI [72], suggests that older adults 
with a history of TBI may benefit from targeted 
fall-prevention programs. Finally, the expanded 
interest and accelerated pace of research on the 
association between TBI and dementia over the 
past 10 years may provide some reassurance to 
TBI survivors and their caregivers, as growth in 
this field reflects an unprecedented investment 
in understanding and improving the long-term 
outcomes of TBI.

Limitation
The current paper shares results of a scoping 
review of the literature published in the past 10 
years on the relationship between TBI and AD 
with a goal of synthesizing current knowledge, 

identifying gaps in that knowledge and high-
lighting clinical implications of the available 
literature. There are some limitations to this 
manuscript that warrant consideration. A scop-
ing review does not evaluate the quality of the 
primary studies, which may limit the usefulness 
of the review, if poor-quality studies are not 
excluded. In the current paper, we have addressed 
this concern by highlighting the methodological 
nuances that may account for inconsistent find-
ings across studies. It is also possible that relevant 
research on the relationship between TBI and 
AD was not included in the current review as 
our search methodology was not exhaustive and 
did not include all available scientific databases, 
dissertations, conference proceedings or book 
chapters.
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