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Abstract

Objective—This study examined whether a history of traumatic brain injury (TBI) is associated
with earlier onset of Alzheimer disease (AD), independent of apolipoprotein e4 status (Apoe4)
and gender.

Method—~Participants with a clinical diagnosis of AD (n=7625) were obtained from the National
Alzheimer’s Coordinating Center Uniform Data Set, and categorized based on self-reported
lifetime TBI with loss of consciousness (LOC) (TBI+ vs TBI-) and presence of Apoe4.
ANCOVAs, controlling for gender, race, and education were used to examine the association
between history of TBI, presence of Apoe4, and an interaction of both risk factors on estimated
age of AD onset.

Results—Estimated AD onset differed by TBI history and Apoe4 independently (p’s <.001). The
TBI+ group had a mean age of onset 2.5 years earlier than the TBI- group. Likewise, Apoe4
carriers had a mean age of onset 2.3 years earlier than non-carriers. While the interaction was non-
significant (p = .34), participants having both a history of TBI and Apoe4 had the earliest mean
age of onset compared to those with a TBI history or Apoe4 alone (Mpiference = 2.8 & 2.7 years,
respectively). These results remained unchanged when stratified by gender.

Conclusions—History of self-reported TBI can be associated with an earlier onset of AD-
related cognitive decline, regardless of Apoe4 status and gender. TBI may be related to an
underlying neurodegenerative process in AD, but the implications of age at time of injury, severity,
and repetitive injuries remain unclear.
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Mounting evidence suggests that a history of TBI is a risk factor for later cognitive
consequences, including Alzheimer disease (AD), for some individuals. Although not all
studies are supportive (Dams-O’Connor, 2013; Fratiglioni, Ahlbom, Viitanen, & Winblad,
1993; Helmes, Ostbye, & Steenhuis, 2011; Lindsay et al., 2002; Mehta et al., 1999; Xu et
al., 2015), the increased likelihood for the later development of AD years or decades
following TBI has ranged from 1.3 to a 9.9 - fold higher risk in case-control (Guo et al.,
2000; Mortimer, French, Hutton, & Schuman, 1985; Plassman et al., 2000; van Duijn et al.,
1992), meta-analytic (Fleminger, Oliver, Lovestone, Rabe-Hesketh, & Giora, 2003;
Mortimer et al., 1991), and medical chart review (Barnes et al., 2014; Wange et al., 2012)
studies. However, neurodegenerative dementias such as AD have an insidious onset, with
support that this process develops over several decades. As such, the potential mechanism(s)
underlying TBI as a risk factor remains poorly understood.

The neuropathology of AD involves the accumulation of tau-related neurofibrillary tangles
(NFT) and amyloid-p (AB) plaques, although these pathologies appear to represent distinct
yet synergistic processes (Nelson, Braak, & Markesbery, 2009). NFTs first appear in the
mesial temporal lobe and then progress to involve the inferior frontal region before coursing
superiorly and posteriorly to include the entire frontal, parietal, and occipital regions as well
(Braak & Braak, 1991; Nelson et al., 2009; Thal, Attems, & Ewers, 2014). Ap plaques, on
the other hand, initially occur in the neocortex, but then progress to the mesial temporal
lobe, followed by the basal ganglia, brainstem, and cerebellum (Dietmar R Thal, Rib,
Orantes, & Braak, 2002; Dietmar Rudolf Thal et al., 2014). TBI has a predilection for
affecting frontal and temporal structures, and, even at milder severities, can produce white
matter injury (Johnson et al., 2013), which recently has been linked to the presence of
greater AB deposition in some individuals with moderate-to-severe TBI (Scott et al., 2016).
Thus, TBI-related processes may contribute to the buildup of pathological burden in AD and
related conditions, potentially increasing the risk for earlier onset of these conditions. Fueled
by the media’s increased focus on sports-related concussions and the possible link with
cognitive decline later in life, there has been greater attention to TBI and its potential
association with AD, the most common type of dementia. However, research on later-life
risk and the clinical trajectory for dementia following TBI remains in its infancy.

The first study that suggests TBI may be a risk factor for earlier expression of AD was
published in 1987. Sullivan et al. performed a medical chart review to retrospectively
diagnose AD in a convenience sample of 13 cases (Sullivan, Petitti, & Barbaccia, 1987). Six
cases were also found to have a history of TBI of mixed severity. The authors observed the
age of AD onset to be approximately 9 years earlier for those with a history of TBI. Gedye
et al. extended this finding by publishing a 1989 medical chart review of 148 cases
diagnosed with AD using standard clinical criteria (Gedye, Beattie, Tuokko, Horton, &
Korsarek, 1989). The authors collected lifetime TBI information and rated severity
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according to duration of loss of consciousness (LOC) and presence of neurologic symptoms
following TBI (i.e., headaches, dizziness, confusion). There were 35 cases with a history of
TBI, and although mild TBI cases did not differ in terms of AD onset from those without
TBI history, those with moderate and severe TBI were found to have a nearly 7 year earlier
onset.

In contrast to the early reports indicating that a history of TBI may accelerate the expression
of AD, the literature thereafter has been mixed. In 1991, Mortimer et al. published a meta-
analysis of 11 case-control AD studies with a total of 1,113 participants, of whom 84 had a
history of TBI with LOC, while 1,029 did not. Although the authors found TBI with LOC
was linked to increased risk for AD, a history of TBI failed to show an association with
earlier age of AD onset (Mortimer et al., 1991). A similar finding was reported in 1995 by
Rasmussin et al. when comparing 20 AD cases with any history of TBI, regardless of LOC,
and 48 non-injury cases (Rasmusson, Brandt, Martin, & Folstein, 1995). In 1999, Nemetz et
al. performed a medical chart review among Rochester, MN residents with a documented
history of TBI from 1935 to 1984 (Nemetz et al., 1999). TBI was defined as a head injury
resulting in LOC, posttraumatic amnesia (PTA), neurological symptoms, or skull fracture.
There were 1,283 TBI cases, of whom 31 were later diagnosed with AD. The authors
concluded that those with a history of TBI developed AD approximately 8 years earlier than
the general Rochester population.

These publications were soon followed by two articles in what remain perhaps some of the
best-controlled studies examining the link between TBI and AD to date. In 2000, Plassman
et al. used standard clinical evaluations to diagnose AD in 35 male World War |1 veterans,
out of 1,811 who were hospitalized during their military service (approximately 40 years
prior) due to a TBI or a non-TBI condition (Plassman et al., 2000). The authors classified
TBI as mild (LOC or PTA <30 minutes), moderate (LOC or PTA between 30 minutes and 24
hours and/or skull fracture), and severe (extended LOC or posttraumatic amnesia >24
hours). Although it was concluded that moderate and severe TBI were associated with an
increased likelihood for an AD diagnosis, when the authors compared TBI (n = 17) and non-
TBI cases (n = 18), a history of TBI was not linked to an earlier age of AD onset. In
addition, Guo et al. published one of the largest studies to date reporting on this association
by examining 2,234 cases diagnosed with AD according to standard clinical criteria, of
whom 398 had a history of TBI resulting in LOC or medical care, and 1,835 did not (Guo et
al., 2000). The authors reported that while a history of TBI was associated with a greater
likelihood of an AD diagnosis, age of AD onset was similar between those with and without
a history of TBI.

Despite the mixed findings in the literature, we were unable to find any additional studies
published over the past 15 years regarding the association between a history of TBI and
earlier onset of AD, even though a number of potentially confounding variables have yet to
be explored. Various methodological factors may account for the mixed findings in the
literature, including limited numbers of cases, sampling procedures, methods of data
collection, different criteria for TBI classification, and methods of AD diagnosis.
Additionally, other factors may play a role in the mixed findings, including gender, as some
studies have reported a higher risk for AD only in males with a history of TBI (Fleminger et
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al., 2003; Guo et al., 2000; Mortimer et al., 2001), and presence of genetic susceptibility.
The apolipoprotein E gene (Apoe) has 3 alleles (e2, 3, e4) that encode a protein involved in
lipid transport based on which combination of two alleles is present (e2/e2/, e2/e3, e3/e3,
e2/ed, e3/ed, edled); the Apoe e4 allele (Apoed) is well-known to play a role in the
pathogenesis and earlier onset of AD (Blacker et al., 1997; Corder et al., 1993; Maiti et al.,
2015; Naj et al., 2014). The primary goal of this study was to examine whether a history of
TBI with LOC is associated with an earlier age of onset, independent of Apoe4 status and
gender, in a large cohort of well-characterized individuals with a diagnosis of AD. These
findings would support TBI as a risk factor for later cognitive decline and may suggest a
possible role for TBI in a neurodegenerative process.

Method

Participants

Sociodemographic, clinical, and biomarker information was obtained for participants with a
diagnosis of AD from the National Alzheimer’s Coordinating Center (NACC) Uniform Data
Set (UDS) (Morris et al., 2006). The NACC has consolidated data from 34 past and present
National Institute of Aging (NIA) - funded Alzheimer’s Disease Centers (ADC) throughout
the U.S. from September, 2005. The NACC’s data collection procedures were approved by
institutional review boards at each participating ADC. Selection criteria included
participants 50 years and older with a diagnosis of possible or probable AD at the initial visit
to an ADC between September, 2005 and December, 2013. ADC clinicians reviewed
neurological exam results, medical history, neuropsychological test performance, laboratory
and neuroimaging results, psychosocial background, and information from informants to
determine a diagnosis of AD using standard NINCDS/ADRDA guidelines (McKhann et al.,
1984). Age of onset was defined as 1) the ADC clinician’s estimate for age of cognitive
decline based on participant/informant report for when cognitive abilities began declining
(hereafter referred to as age of symptom onset) and 2) the participant’s age at the initial
ADC visit when they were diagnosed with AD.

Measures

TBI information in the NACC database is based upon three questions answered during a
medical history interview with participants/informants at the initial ADC visit. Participants
were asked whether they had ever experienced a TBI resulting in <5 minutes loss of
consciousness (MLOC), =5 mLOC, and if there was a chronic deficit as a result of the injury.
Responses to all three questions were recorded as absent, recent/active (occurring within 1
year of visit or requiring ongoing treatment), remote/inactive (occurring >1 year of visit and
either having recovered from the injury or no current treatment is underway), or unknown.
The current study included two groups, one with a reported absence of TBI history with
LOC (TBI-), and a second group that reported a TBI with any LOC, regardless of duration,
and no chronic deficits, occurring more than one year prior to the initial visit (TBI+).
Because our goal was to examine the link between TBI history and the development of AD,
we attempted to limit potential confounding from cognitive decline directly related to a TBI
by excluding participants who reported a recent TBI (defined as < 1 year prior to initial
ADC visit; n = 55) or any history of TBI resulting in a chronic deficit (n = 14).
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For the present study, age, gender, race, years of education, family history of dementia (at
least 1 member), and number of Apoe4 alleles were requested due to their known link with
AD. Since vascular factors and depression have been associated with increased risk for AD
(Luchsinger et al., 2005; Modrego & Ferrandez, 2004), we examined their potential
influence from available data. At the initial visit, participants are asked questions via
participant/informant interview if they ever had: 1) a history of heart attack, atrial
fibrillation, angioplasty, cardiac bypass, pacemaker, congestive heart failure, stroke, transient
ischemic attack, hypertension, hypercholesterolemia, and/or diabetes, 2) a history of
depression occurring >2 years prior, and 3) a history of depression within 2 years of their
visit. Vascular conditions are coded similar to the TBI information in the NACC database as
absent, recent/active, remote/inactive, or unknown. Depression was coded only as absent or
presentand defined as consulting a clinician about depressed mood, being prescribed
antidepressant medication, or receiving a mood disorder diagnosis (i.e., major depression,
dysthymia, bipolar).

Statistical Analyses

Results

Chi-square and independent t-tests were used to assess whether sociodemographic variables
and number of Apoe4 alleles differed between TBI+ and TBI- groups. Since the two groups
had similar proportions for Apoe4 status, this variable was collapsed into two categories,
based on absence or presence of at least one Apoe4 allele. ANOVA was used to initially
assess whether estimated age of symptom onset and age at diagnosis of AD significantly
differed between those reporting a mild TBI (< 5 mLOC), more serious injuries (=5 mLOC),
and those without any history of TBI with LOC. Next, ANCOVA was used to assess whether
estimated age of symptom onset and age at diagnosis of AD differed between the TBI+ and
TBI- groups, after controlling for relevant factors. A two-way multivariate ANCOVA was
conducted to examine the association between presence of Apoe4, history of TBI with LOC,
and an interaction of both risk factors on estimated age of symptom onset in participants
with AD. In order to examine potential gender-related effects, the two-way multivariate
ANCOVA was performed, stratified by gender. Multivariate analyses were performed again
only for participants diagnosed with probable ADto conservatively assess whether
associations remained. Assumptions for all tests were reviewed, and unequal variances were
observed for the primary analysis when examining age of symptom onset and age of
diagnosis in AD. A Welch ANOVA was used to determine if unequal variances resulted in a
Type | error. All analyses were conducted using IBM®© SPSS Statistics V22 (IBM Corp,
SPSS Statistics V22, Armonk, NY, 2013) with p < .05 as the level for significance; a
Bonferroni correction of .01 (.05/5) was used to maintain a 5% error rate across analyses.

Demographic and Sample Characteristics

Of the 7,625 AD cases in the NACC database who met inclusion criteria, 6,603 were
diagnosed with probable AD. A total of 422 participants reported a history of mild TBI with
<5 mLOC, 149 a history of more serious TBI (=5 mLOC), and 7,054 reported no such
history, although an unknown proportion of the TBI- group may have a history of TBI
without LOC. Demographic characteristics for participants with a history of TBI with any
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LOC (TBI+) and those without (TBI-) can be found in Table 1. Few participants were
missing data on most variables, but 4% were missing vascular medical conditions, 3% were
missing a history of depression, and nearly 30-40% were missing Apoe4 status. TBI+ and
TBI- groups significantly differed in terms of gender, race, and education (p <.001).
Specifically, TBI+ participants with AD were 38% female, 89% Caucasian, and had an
average education of 14.5 (SD = 3.6). In contrast, TBI- participants were 59% female, 80%
Caucasian, and had an average education of 13.8 (SD = 3.9). TBI+ and TBI- groups with
AD did not differ by family history of dementia (p = .76), vascular medical conditions (0’s
>.13), or lifetime history of depression (¢’s = .07). Additionally, of the 4,744 AD
participants with known Apoe4 status, the number of Apoe4 alleles did not differ (p=.28)
between the TBI+ (n = 386; 67%) and TBI- (n = 4,312; 56%) groups.

TBI History on Age of Symptom Onset and Age of Diagnosis

Participants reporting a history of mild TBI with <5 mLOC (Monset age = 68.1;

Mage of Diagnosis = 73.8) and more serious injuries (Monset Age = 68.9; Mage of Diagnosis =
74.1) had a significantly earlier age of AD onset (F (o, 7619) = 14.8, p < .001; nzpania. =.004)
and diagnosis (F (2, 7619) = 16.8, p<.001; T]Zpartial =.004) compared to those without a TBI
history (Monset Age = 70.9; Mage of Diagnosis = 76.2). However, no significant difference was
observed between the TBI samples. Controlling for gender, race, and education, clinician-
estimated age of symptom onset again differed (1, 7620) = 33.0, p<.001; T]Zpartial =.004)
between groups, with TBI+ (Mage = 68.3, SD = 10.3) participants having an average onset
2.6 years earlier than the TBI- group (Mage = 70.9, SD = 9.5). Likewise, AD was also
diagnosed a mean of 2.3 years earlier (~ (1, 7620) = 28.1, p<.001; nzpartia| =.004) in the TBI
+group (Mage = 73.9, SD = 10.2) relative to the TBI- sample (Mage = 76.2, SD = 9.4).
Levene’s test was significant (p < .01) for both analyses, indicating that the TBI+ and TBI-
groups had significantly unequal variances for estimated age of symptom onset and age of
diagnosis in AD; as a result, a nonparametric Welch ANOVA was conducted to control for
these discrepancies. Results from the two Welch ANOVAS showed that despite the unequal
variances, the TBI+ group had a significantly earlier age of symptom onset (Welch’s F

(1, 650.262) = 34.3, p<.001) and age of diagnosis (Welch’s F (1, es50.099) = 27.8, p<.001) than
the TBI- group.

Age of Symptom Onset and Associations with Apoe4 and TBI History

When presence of Apoe4 and history of TBI were entered as independent variables in a
multivariate ANCOVA model, controlling for gender, race, and education, there was a main
effect for both Apoe4 and history of TBI. Specifically, Apoe4 carriers (Mage = 69.6, SD =
8.8) had a mean estimated age of symptom onset 2.3 years earlier (£ (1, 4737) = 26.1, p<.001;
nzpania, =.005) than non-carriers (Mage = 71.9, SD = 10.3). Likewise, estimated age of
symptom onset remained 2.5 years earlier (F (1, 4737) = 19.3, p<.001; nzpama| =.004) in the
TBI+ group (Mage = 68.2, SD = 10.6) compared to the TBI- group (Mage = 70.7, SD = 9.4).
Interestingly, relative to those with a history of TBI or APOE e4 alone and in the absence of
both risk factors, individuals having both Apoe4 and a history of TBI had the earliest age of
symptom onset (M Difference >2.7 years vs all others, Table 2); however, this interaction
was non-significant (F (1, 4737) = .93, p=.34; nzpartial <.001). Among participants
diagnosed with probable AD, age of symptom onset and diagnosis remained significantly
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earlier for Apoed carriers (F (1, 4141) = 22.6, p<.001; ﬂzpartial =.004) and those with a
history of TBI alone (F (1, 4141) = 21.4, p<.001; nzpaﬂia. =.004).

Age of Symptom Onset by Gender and Associations with Apoe4 and TBI History

When stratified by gender, the results remained relatively unchanged. Main effects for
Apoe4 and history of TBI were found for both females and males. Estimated age of
symptom onset was 2.6 years earlier for Female participants with Apoe4 (Mage = 69.9; £
@1, 2636) = 10.4, p=.001; nzpama| =.005) and 2.7 years earlier for females with a history of
TBI (Mage = 68.4; F (1, 2636) = 10.2, p=.001; T]Zpartial =.003), compared to those without
(Mage = 72.6 and 71.1, respectively). Among male participants, estimated age of symptom
onset was 1.8 and 2.1 years earlier, respectively, for Apoe4 carriers (Mage = 69.3; £ (1, 2096)
= 14.6, p< .001; n2partial = .005) and those with a TBI history (Mage = 68.1; F (1, 2096) =
8.9, p=.003; nzpama| =.005), compared to participants without TBI (Mage = 71.1 and 70.2,
respectively). Regardless of gender, there was no significant interaction between Apoe4 and
a history of TBI (Females: £ (1, 2636) = .94, p = .34, lepartial <.001); Males: F 1, 2096) = -44,
p=.51; nzpama| <.001). However, female and male participants having both risk factors
continued to show the earliest onset of symptoms relative to those with a history of TBI or
Apoe4 alone and in the absence of both risk factors (M Difference: females =3.0 years;
males =2.4 years), as shown in Figures 1 and 2. Examination of participants with probable
AD alone showed the same results (not shown).

Discussion

A history of TBI with LOC occurring more than one year prior to AD diagnosis was
associated with an approximately 2.5 year earlier age of symptom onset and diagnosis of
AD. In addition, this association remained even after controlling for potential effects related
to gender and Apoe4 status, suggesting that, regardless of gender, a history of TBI is
associated with an earlier expression of AD independent from well-known genetic risk
factors. While these results differ from previous studies reporting no association between a
history of TBI and earlier AD onset (Guo et al., 2000; Mortimer et al., 1991; Plassman et al.,
2000; Rasmusson et al., 1995), the degree of this association (i.e., nearly 2.5 years earlier)
also contrasts several smaller investigations reporting an earlier onset of approximately 7-9
years (Gedye et al., 1989; Nemetz et al., 1999; Sullivan et al., 1987) in those with a TBI
history. As mentioned previously, this may reflect varying methodological differences across
studies of less well-characterized participants, but also may be due, in part, to previous
reports not taking Apoe4 status into account. However, three recent large investigations
reported that all-cause dementia (Barnes et al., 2014), frontotemporal dementia (LoBue et
al., 2016), and mild cognitive impairment (MCI) (LoBue et al., 2016) were diagnosed
approximately 2 years earlier in participants with a history of TBI compared to those
without, consistent with the findings related to AD in the present investigation. Therefore, it
would appear that an emerging literature supports a history of TBI with LOC as being
associated with an approximately 2 year earlier onset of neurodegenerative conditions,
although additional questions remain.
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The purpose of this investigation was to replicate and extend previous reports on the
association between a TBI history and earlier onset of AD, but we also found an association
with Apoe4. Our finding that Apoe4 was linked to a 2.3 year earlier onset of AD is
consistent with results from a recent meta-analysis of 14 case-control datasets in the
Alzheimer’s Disease Genetics Consortium (ADGC) that found AD onset to be reduced by
2.5 years in individuals with at least one Apoe4 allele (Naj et al., 2014). However, to our
knowledge, the present study is the first to investigate a potential interaction between history
of TBI and Apoe4 on age of symptom onset in AD. Despite both risk factors being
independently linked to an earlier expression of AD, we did not observe a significant
interaction between the two. This is consistent with previous reports that these two risk
factors independently confer a heightened absolute risk for dementia rather than a
“synergistic” association (Guo et al., 2000; O’Meara et al., 1997).

Biologically, TBI and Apoe4 are known risk factors for central nervous system impairment
in some individuals. TBI involves acute neuronal/axonal damage that results in abnormal
neurochemical cascades and inflammation (Johnson, Stewart, & Smith, 2012), whereas
Apoed has been implicated in deficient neuronal maintenance and repair and reduced
synaptic networks (Bu, 2009; Liu, Kanekiyo, Xu, & Bu, 2013). Some research furthermore
suggests the mechanisms involved in TBI and Apoe4 may be linked to AD pathology. In an
autopsy study, a subset of patients surviving a moderate-to-severe TBI for longer than a year
showed presence of Ap plaques that were more often fibrillary (Johnson, Stewart, & Smith,
2012), similar to plaque formations observed in AD, and unlike a predominantly diffuse
pattern commonly present in normal aging (Price, & Morris, 1999). Fibrillary Ap plaques
have also been found to be more abundant and at a much earlier age in cognitively intact
Apoe4 carriers relative to non-carriers (Kok et al., 2009; Fleisher et al., 2013). NFTs, on the
other hand, have been reported to be more widespread in individuals with a single,
moderate-to-severe TBI compared to age-matched controls (Johnson, Stewart, & Smith,
2012), while a link with Apoe4 is lacking. It would appear then that TBI and Apoe4 may
involve similar biological processes to initiate and/or accelerate AD-like pathology, resulting
in an earlier expression of AD. Although AD is the most common type of dementia, there is
evidence that a history of TBI has a similar association with frontotemporal dementia
(LoBue et al., 2015), indicating that the mechanisms involved with TBI may overlap other
neurodegenerative disorders.

Several lines of evidence suggest gender-related effects can modify the association between
TBI history or Apoe4 and AD. Two meta-analytic studies reported a history of TBI with
LOC was associated with an increased risk for later developing AD, but when gender was
accounted for, this association was only observed in males (Fleminger et al., 2003; Mortimer
etal., 1991). In contrast, Apoe4 studies have shown that female Apoe4 carriers, relative to
male carriers, have a greater risk for developing AD (Altmann, Tian, Henderson, & Greicius,
2014; Ungar, Altmann, & Greicius, 2014) and show more pronounced AD-like pathology in
older adulthood (Corder et al., 2004). In the present study, however, gender-related effects
were not observed. Both females and males had an approximately similar association for
history of TBI and Apoe4 on age of onset independently. A significantly larger percentage of
males were found to have a history of TBI with LOC than females, but this is generally
consistent with overall TBI rates in the literature (Faul et al., 2010).
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Although our results support a history of TBI with LOC as being a risk factor for later
cognitive decline, the influence of TBI-related factors on this association remains unclear.
Researchers have found TBI severity and age at injury influence risk for developing
dementia. For example, Gardner and colleagues performed a 7 year medical chart review on
patients over age 55 who presented to a hospital with a TBI of any severity (n = 52,000) or
non-TBI trauma (n = 112,000) (Gardner et al., 2014). The authors reported that moderate-to-
severe TBI was associated with a higher likelihood for developing dementia in persons aged
55 years and older, whereas a single, mild TBI was associated with increased risk among
those older than 64 years. In addition, a “synergistic” link between Apoe4 and a history of
TBI is even less clear, as this literature too has been mixed, with approximately 50% of
studies reporting an absence of an additive effect on increasing risk for developing dementia
(Lawrence, Comper, Hutchison, & Sharma, 2015). More severe TBI may be an important
factor (Lawrence et al., 2015), but some Apoe4 carriers could also possess the Apoe 2
(Apoe2) allele (genotype £2/ 4), which has been implicated as protective against neuronal
injury (Miller et al., 2010) and from AD (Corder et al., 1994). It is possible that the presence
of Apoe2 may offset Apoed’s role in initiating and/or accelerating AD-like pathology,
protecting against synergist mechanisms following TBI in some individuals, which could
attenuate differences when comparing Apoe4 carriers to non-carriers. Interestingly, Apoe4
carriers with a history of TBI in the present study were observed to have an estimated onset
of AD approximately 2.5 years earlier on average compared to those with each risk factor
alone, and 5 years earlier than those with an absence of both risk factors; however, the
interaction was non-significant. Given that TBI severity, age at injury, and potentially other
related variables (e.g., Apoe2 and other genetic factors) could influence age of onset of AD
differently, and may contribute to the mixed literature, further research is needed to
determine their implications.

Limitations of the present investigation include the time since reported TBI and the manner
in which TBI is classified within the NACC database. The definition for remote TBI (i.e., >1
year earlier) in NACC is relative, as injuries may have occurred as recently as nearly one
year prior to the initial ADC visit but could have been decades earlier. Because the
neurodegenerative process underlying AD occurs over years or decades, an unknown
proportion of TBIs in this sample could have occurred once neurodegeneration had already
begun and/or after symptom onset. In addition, while our classification of TBI with LOC is
similar to previous investigations, NACC’s cutoff of <5 and =5 mLOC does not correspond
to conventional criteria for TBI classification of severity, and further research is needed
along these lines. In addition, the limited TBI data in the NACC database did not allow
potentially important variables such as age at the time of injury, complications, or repetitive
injuries to be examined that may play a role in the association between TBI and later
cognitive decline. Further, TBI history as well as clinician-estimated age of onset were
dependent on participant/informant reports; therefore, recall bias is possible and could limit
accuracy in reporting a history of TBI and/or estimating symptom onset of AD. Last, NACC
participants at ADCs are recruited via clinician referral or self-referral and often are
predominantly Caucasian, well-educated, and express a commitment to involvement in
longitudinal research. Even though NACC studies are not population-based and may not be
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generalizable to all individuals with AD, participants undergo extensive standard diagnostic
evaluations and are well characterized.

These findings, derived from samples of carefully diagnosed AD cases obtained from a
large, multicenter national database, suggest that a history of TBI with LOC may be
associated with an earlier onset of AD-related cognitive decline, regardless of gender and
Apoes status. The overlapping and synergist mechanisms underlying this apparent
relationship remain unclear, but at a minimum, the results underscore the need for more
thorough assessment of TBI history in individuals presenting for dementia evaluation later in
life.
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Figure 2.

Mean age of symptom onset in male patients with Alzheimer disease with and without risk

factors apolipoprotein E-e4 and history of traumatic brain injury. Bars represent 95%

confidence intervals for each group. TBI = traumatic brain injury with loss of consciousness.
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Table 2

Main Effects and Interaction for Traumatic Brain Injury and Apolipoprotein E-e4 Status on Age of Symptom
Onset of Alzheimer Disease

n M (SD) F p
Main Effect for APOE Status 1927 < go1*
APOE &4 + 2,798  69.6 (8.8)
APOE &4 - 1,946 71.9(10.3)
Main Effect for TBI Status 26.06 < go1*
TBI + 386 68.2(10.6)
TBI - 4358  70.7 (9.4)
Interaction for TBI and APOE e4 0.93 0.34
TBI + APOE &4 + 228 67.1(9.9)
TBI + APOE e4 — 158 69.9 (11.3)
TBI - APOE &4 + 2,570 69.8(8.7)
TBI - APOE &4 - 1,788 72.1(10.2)

Note. * p <.05. n = 4,744. df= 1. TBI+ = presence of a history of traumatic brain injury with any loss of consciousness and no chronic deficits
occurring more than one year prior to the initial visit. TBI- = absence of a history of traumatic brain injury with loss of consciousness. APOE e4+
= presence of at least one apolipoprotein E-e4 allele. APOE e4- = absence of an apolipoprotein E-e4 allele.
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