A Brief Review of the Research Findings
of Increased Risk of Dementia in
Association with Traumatic Brain Injury
by Dr Linda Monaci, Consultant Clinical Neuropsychologist and
Chartered Clinical Psychologist
In civil law cases provisional damages can be awarded
if the disease or deterioration is serious, which means
beyond ordinary deterioration and if the risk of
disease or deterioration has a measurable chance
of occurring. It therefore follows that solicitors’
instructions usually require the instructed experts of
the field: usually neurologists, neuropsychologists
and neuropsychiatrists; to also comment on whether
the traumatic brain injury (or other condition
involving the brain) may cause any adverse long-term
effect.
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It is an established finding that brain injury can be
associated with an increased risk for epilepsy (Lowenstein, 2009). Research has also found that repeated
mild traumatic brain injuries (TBI), such as those
experienced by professional boxers, are associated
with a high risk of chronic traumatic encephalopathy
(CTE), originally termed dementia pugilistica
(McKee et al., 2012). It was previously thought that
this condition only affected professional boxers, but
recent research has found neuropathological features
of this condition in retired American football players,
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a professional wrestler, a professional hockey player
and a soccer player (McKee et al., 2009), as well as in
non-athletes (Roberts et al., 1990).

bleeding (Hannay et al., 2004). A history of brain
injury is a predictor of poor outcome (Thornhill et
al., 2000).

CTE is a type of dementia with distinctive
neuropathological features, but clinically it can be
mistaken for Alzheimer’s disease or fronto-temporal
dementia (Gavett et al., 2010, 2011). It usually
becomes symptomatic several years after the
individual experiences repeated concussive or
sub-concussive blows to the head, usually in mid-life
(Gavett et al., 2010). Typical clinical features include:
disordered cognition, most pronounced for memory
and executive skills, disturbances in mood and
behaviour, such as apathy and irritability, and
Parkinsonian signs (McKee et al., 2012). According to
Gavett et al. (2010) probably many individuals could
develop CTE following falls, motor vehicle accidents,
assaults, epileptic seizures or repeated mild head
injuries of diverse origins.

Brain injury severity is usually established considering
length of post-traumatic amnesia (PTA), score on the
Glasgow Coma Scale (GCS) and duration of any loss
of consciousness (LoC; Saatman et al., 2008).

What appears unclear, and therefore controversial, is
whether a single (or a few) traumatic brain injuries,
such as those sustained in road traffic accidents or
assaults, increases the risk of developing dementia
later in life. Research in this field has yielded mixed
results: several peer-reviewed articles (DamsO’ Connor et al., 2013; Tyas et al., 2001; Williams et
al., 1991; Mehta et al., 1999; Ameducci et al., 1986;
Launer et al., 1999; Nemetz et al., 1999; Lindsay et
al., 2002) have not found a link between TBIs and
dementia, while several others have found some kind
of relationship between them (Plassman et al., 2000;
McKee et al., 2012; Guo et al., 2000; Johnson et al.,
2013; Gardner et al., 2014; Johnson & Stewart, 2013
& 2015; Vincent et al., 2014; Shively et al., 2012;
Gardner & Yaffe, 2015; Lye & Shores, 2000;
Fleminger at al., 2003; Gardner et al., 2015; Godbolt
et al., 2014; Johnson et al., 2012).
This article aims at presenting some of the challenges
that can make it difficult to conduct research in this
field and provides a brief overview of the findings.
Traumatic Brain Injury (TBI)
Brain damage caused by sudden acceleration/
deceleration can lead to both focal and diffused
lesions, due to the effect of brain rotation. Areas
particularly vulnerable to damage are the frontal and
temporal lobes, which are involved in executive
functioning and memory, as the soft brain accelerates
inside the skull and on impact hit the body
projections at the base of the skull. Brain rotation can
also lead to axonal shearing, where axons can be
severely damaged, which causes degeneration of the
surrounding brain, commonly named ‘diffuse axonal
injury’ (Hannay et al., 2004). In TBI the brain is
affected not only by primary brain injury, but also
secondary injury, which can occur as a result of brain
swelling, raised intracranial pressure and intracranial
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Dementia
According to the International Classification of
Diseases (ICD-10; WHO, 2001) dementia constitutes
a syndrome due to disease of the brain, usually of a
chronic or progressive nature, in which there is
disturbance of multiple higher cortical functions.
Memory problems are not essential for the diagnosis,
but the cognitive profile may help diagnose the type
of dementia and therefore the diagnostic process.
The ICD-10 reports that consciousness is not clouded
in dementia, and that impairment of cognitive
function is commonly accompanied and occasionally
preceded by deterioration in emotional control,
social behaviour or motivation. According to the
Diagnostic and Statistical Manual of Mental Disorders
IV (DSM-IV; APA, 1994), it is characterised by
multiple cognitive deficits, including memory
impairment and at least one of the following: aphasia,
apraxia, agnosia or disturbance in executive
functioning. Social or occupational functioning is
also impaired. There is no gross clouding of
consciousness, which is usually associated with acute
confusional states, such as delirium.
Alzheimer’s dementia (AD) is the most common type
of dementia; it is a clinical syndrome which has been
allocated specific clinical criteria. Criteria suggested
by the National Institute of Neurological Disorders
and Stroke (NINDS) and Alzheimer's Disease and
Related Disorders Association (ADRDA) consider
insidious onset and progressive impairment of
memory and other cognitive functions as essential.
‘Probable’ Alzheimer’s until autopsy
One of the difficulties in this field of research is that
the diagnosis of dementia (and the type of dementia)
can only be confirmed at autopsy, and therefore the
presence of a number of dementia misdiagnosis is
likely.
A moderate or severe TBI is linked to an increased
risk of developing not just Alzheimer’s dementia (AD)
but also Parkinson Disease (PD; Goldman et al., 2006)
and Amyotrophic Lateral Sclerosis (ALS; Chen et al.,
2007).
It is therefore possible that the kind of dementia that
follows repeated head injuries or repetitive mild
trauma may be caused by chronic traumatic
encephalopathy, alone or in conjunction with other
kinds of neurodegenerations (for example, those
associated with Alzheimer’s disease). Studies that
include post-mortem neuropathological verification
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provide reliable confirmation of the clinical
diagnosis; without this confirmation the prevalence
of CTE neuropathological features in the study
samples is unknown (Gavett et al., 2010) and it is
possible that some of those who have been thought to
have developed Alzheimer’s dementia have
developed (at least concurrently) CTE.
From a clinical point of view, CTE and AD or fronto
temporal lobar degeneration can be very similar,
although the age of onset for CTE is generally
younger than that for AD and the course of the
disease is typically slower than that of AD or frontotemporal lobar degeneration (Gavett et al., 2010).
Jellinger et al. (2001) is one of the few studies that
evaluated the risk of Alzheimer’s dementia using
neuropathological criteria and found that a history of
severe traumatic brain injury in individuals with
residuals of closed TBI lesions, such as old contusions
in the frontal, temporal, or other brain areas (versus
no history of brain injury), increased the risk of
dementia.
Reliance on self-report or reports from family
members vs. review of records
An issue which appears to be affecting the reviewed
studies that found no link between TBI and
dementia is the reliance on family members or friends
to precisely identify whether an individual had
sustained a TBI earlier in life.

Personal reports may not be accurate for several
reasons including lack of awareness of the brain
injury severity (e.g. sometimes individuals who
sustained a moderate/severe TBI can report they
have had a concussion). Third party reports, such as
those by family members could be biased towards
remembering TBIs in those individuals who
developed dementia, perhaps to try to explain their
condition, as well as being affected by potential
inaccuracies in relation to the TBI severity.
Another issue is finding the appropriate informant
for comparison with a control group, for instance
comparing reports from a spouse with reports from
a less involved family member.
Different TBI severities grouped together and
non-significant results
To complicate matters, studies that showed no link
between TBI and dementia included a variety of TBI
severities and most often were grouped in one single
category for the data analysis, which is likely to have
obscured some potentially significant results for the
more severe TBIs:
- Launer et al. (1999) and Dams-O’Connor et al.
(2013) analysed individuals with self-reported “TBI
with loss of consciousness”, which could also include
mild brain injury.
- Amaducci et al. (1968) and Tyas et al. (2001)
included individuals who had been reported by
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relatives (i.e. Amaducci et al., 1968), or whom had
self-reported (i.e. Tyas et al., 2001) a “head injury” or
“head trauma”, which may include not only mild
TBIs, but also individuals who might not have
sustained any brain injury.
- Williams et al. (1991) analysed medical records to
ascertain whether a head trauma had been sustained.
They included individuals who had had a “head
trauma with presumed brain injury” but no information regarding the usual indicators of TBI severity
(e.g. GCS, anterograde and retrograde amnesia) were
included.
- Mehta et al. (1999) explored the link between
self-reported TBI and dementia. TBIs were grouped
into: “loss of consciousness of less than 15 minutes
and above 15 minutes”, however, the rationale for this
is not entirely clear given that a brain injury is
usually considered mild with a loss of consciousness of
up to 20 (Stein, 1996) or 30 minutes (Kay et al, 1993).
This means that this study may have included mild
TBIs with moderate and severe TBIs, and it is not
clear how many individuals with moderate and
severe TBIs participated.
- Lastly, Nemetz et al. (1999) reviewed medical
records to include individuals with head trauma and
brain involvement: “injury with loss of consciousness,
post-traumatic amnesia or neurological signs of brain
injury or skull fracture”. The inclusion criteria would
also be likely to group together TBIs of different
severity.
On the other hand, several of the studies finding a
link between TBI and dementia also reviewed the
medical records:
- Gardner et al. (2014) is one of the few studies that
relied on hospital confirmed TBI diagnoses to
determine outcome at follow-up and found an
increase in dementia risk following a single, moderate
or severe TBI. They also found that even a mild
TBI contributed to an increased dementia risk in
individuals of 65 years of age and older.
- The MIRAGE study (Guo et al., 2000), where
information on head injury was collected by interviewing multiple informants and reviewing the
medical records, found that individuals who had
sustained a head injury with loss of consciousness
were 4 times more likely to develop dementia and
those who had had a head injury without loss of
consciousness were twice as likely.
- Plassman et al. (2000) did not rely on reports,
but analysis of the medical records of veterans
hospitalised for TBI in midlife (and compared them
with veterans hospitalised for other reasons). They
found that veterans who had sustained a severe TBI
were more than 4 times more likely to develop
dementia (compared with a control group) and
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veterans who had sustained a moderate TBI had
double the risk than controls to develop dementia.
Insufficient statistical power due to small sample
size and non-significant results
As reviewed above, different studies have employed
different designs and had different sample sizes,
which may explain their different findings. For
instance, the EURODEM re-analysis (Mortimer et al.,
1991), in which only cases involving head trauma with
loss of consciousness were included, found an
association between TBI and dementia when data
from seven studies with conflicting results was
re-analysed (those with a TBI with loss of consciousness were nearly twice as likely to develop Alzheimer’s
dementia; Mortimer et al., 1991).
Fleminger at al. (2003) carried out a meta-analysis of
15 studies and estimated that individuals who had
sustained a TBI of sufficient severity to cause a loss of
consciousness were 50% more likely to develop
dementia later in life.
Retrospective vs. Prospective studies
Prospective longitudinal studies of head-injured
individuals improve understanding of head trauma
as a risk factor for dementia. These involve individuals who have had a TBI and whom were successfully
followed-up over time (some individuals may be lost,
for instance because they moved away, withdrew
from the study or died) and monitored to see how
many would go on to develop a dementia. Several
prospective longitudinal studies have been published,
but future studies should terminate in autopsy to
ensure accuracy of diagnosis (standard criteria for
CTE alone or mixed CTE and AD may need to be
developed).
Retrospective studies, on the other hand, involve
gathering information on TBI history in individuals
who have been diagnosed with dementia, and as
such, are prone to self-recall bias. Individuals, or their
family members, who have concerns about perceived
memory problems may be more likely to report a
history of TBI than those who do not have dementia,
however individuals with dementia may have
memory problems which can affect their recall of any
TBI earlier in life.
It is also difficult to find the appropriate control
group to compare individuals who sustained a TBI
but who did not develop dementia, taking into
account potential variables that could also impact on
the likelihood of developing dementia.
Age at the time of injury and injury severity
Most studies that have been reviewed have not
considered the relationship between injury severity
and when the brain injury was sustained. Gardner et
al. (2014) has found these two factors to be relevant.
They found that moderate to severe brain injury
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sustained after the age of 55 and mild brain injury
sustained after the age of 65 is likely to increase the
risk of dementia. This risk to develop dementia
appears higher if multiple TBI are sustained
(Plassman et al., 2000; Smith et al., 2013) and the
same has been found for Parkinson’s disease
(Gardner et al., 2015).
Inter-individual differences
Some studies have found a link between inheritance
of an apolipoprotein E4 (ApoEe4) allele and
dementia (Mayeux et al., 1995; Mehta et al., 1999;
Jordan, 2000), but results have not always been
replicated (Guo et al., 2000; Plassman et al., 2000) so
this issue remains unclear. Jellinger et al. (2010)
carried out neuropathological analysis of brain tissues
of 55 individuals (and compared the findings with the
analysis of 53 age-matched individuals used as
a control group) and found that severe TBI is a risk
factor for the development of AD, particularly in
subjects lacking the ApoEe4 allele which is considered
a risk factor for AD.
Alzheimer’s dementia is thought to be due to a
mixture of genetic and environmental factors with
many variables involved; some modifiable such as
high blood pressure and other vascular risk factors,
and others unlikely to be affected by lifestyle.
However, it is clear that individuals differ in how they
respond to a TBI, for instance it is known that not all
boxers develop chronic traumatic encephalopathy, so
there are likely to be some protective factors in some
individuals (Smith et al., 2013).
Gender differences
Only some studies have considered potential gender
differences in relation to TBI and dementia risk,
which may be due to issue with sample size and
statistical power. For instance Jellinger et al. (2010)
found no gender differences, but they acknowledge
the small sample size may have obscured meaningful
differences.
There can also be other variables that interact with
gender and dementia risk. Guo et al. (2000) found
that the association between head injury and AD was
apparent in both men and women, although the
relative risk for head injury with loss of consciousness
was higher, although not significant, in men than in
women.
Plassman et al. (2000) found that younger men who
sustained moderate or severe TBI appeared to be at
higher risk of developing AD and other dementias
later in life, but they could not rule out that other
variables (not accounted for in the study) could
explain this finding.
On the other hand, Fleminger et al. (2012) found
support for the association between TBI and
Alzheimer’s dementia later in life, but only in males.
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They recommend carrying out further research
using a population based design that relies on
medical records to ensure a diagnosis of dementia has
been made.
Summary
A traumatic brain injury is not necessary, nor
sufficient for the development of dementia; some
individuals develop dementia without a history of
head injury and others who sustain a brain injury
may not go on to develop dementia.
Emerging evidence suggests that moderate and
severe TBI are a risk factor for dementia (although
age at injury appears to be an important factor). Mild
TBI may also be linked to an increased risk if
sustained later in life. A TBI however appears to be
only one of many risk factors. For instance high
cholesterol, obesity high blood pressure and diabetes
are risk factors in case of Alzheimer’s and vascular
dementia (Qiu, 2012). Environmental factors, such as
toxins, have been found to be implied in some
neurological progressive conditions, such as
Parkinson’s disease (Hannay, et al. 2004).
In predisposed individuals risk factors induce the
complex events that contribute to the development
of dementia. It is possible that a brain injury causes a
reduction of the cognitive reserve, and therefore
cognitive decline affects functioning sooner than
would have been the case if the injury had not
happened; but dementia is a multi-factorial disease
and a neuropathological hypothesis as to the relation
between TBI and dementia are also present in
literature (Shively et al., 2012).
A Clinical Neuropsychologist can provide an opinion
on several issues that may be relevant to the topic
discussed in this article such as: the severity of the
brain injury, and if a brain injury is likely to have been
sustained; the cognitive profile; the presence of any
objective, vs. self-perceived, cognitive problems and
their severity; the impact of cognitive impairment
onto everyday life; and the risk of dementia
following a TBI. ■
Dr Linda Monaci,
Consultant Clinical Neuropsychologist
and Chartered Clinical Psychologist.
www.monaciconsultancy.com
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