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Abstract
Introduction: Traumatic brain injury (TBI) has been associ-
ated with a greater risk of developing Alzheimer’s disease 
(AD). Less is known about the clinical features of AD patients 
with TBI history. The objective of this study was to examine 
whether a history of TBI and specific injury characteristics are 
associated with differences in age of disease onset, cognitive 
features, and neuropsychiatric symptoms (NPSs) in AD pa-
tients. Methods: Biomarker-proven AD patients (CSF or amy-
loid PET) were selected from the Amsterdam Dementia Co-
hort. TBI events were classified by age at injury (TBI <25 or 
≥25 years) and TBI severity (loss of consciousness, multiple 
events). Cognitive composite scores were calculated from 
results of a neuropsychological test battery. NPSs were as-
sessed with the Neuropsychiatric Inventory Questionnaire 
(NPI-Q). Linear regression analyses were utilized to examine 
associations between TBI, TBI characteristics, and clinical 
outcome measures. Results: Among the 1,755 selected AD 
patients (mean age = 65.2 years), 166 (9.5%) had document-

ed ≥1 TBI in their medical history. Overall, TBI history was not 
related to differences in age of disease onset, but age at in-
jury <25 years old was associated with 2.3 years earlier age 
at symptom onset (B = −2.34, p = 0.031). No significant asso-
ciations were found between TBI history or TBI characteris-
tics and differences in cognition or NPSs. Conclusion: Our 
results underscore previous findings on the vulnerability of 
the brain during critical maturation phases and suggest that 
an early TBI may contribute to lower resilience to neurode-
generative changes. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

The long-term consequences of traumatic brain injury 
(TBI) have received growing attention in recent decades. 
Single and repetitive TBI have been linked to progressive 
neurodegeneration and identified as a risk factor for nu-
merous neurodegenerative diseases, such as Alzheimer’s 
disease (AD) [1–4], frontotemporal dementia [5–7], Par-
kinson’s disease [3, 4, 8], and amyotrophic lateral sclero-
sis [3, 4, 9, 10]. In addition, progressive cognitive decline 
and behavioral changes have been described in former 
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contact sports athletes and related to chronic traumatic 
encephalopathy (CTE): a neurodegenerative disease 
highly associated with repetitive concussive and/or sub-
concussive impacts to the head [11, 12].

AD is the most prevalent neurodegenerative disease, 
accounting for 60–80% of all dementia cases [13]. The 
link between AD and TBI has been established in multiple 
nationwide observational cohorts and case-control stud-
ies, which showed that TBI is a risk factor for the clinical 
diagnosis of AD, increasing with the frequency and sever-
ity of TBI [2, 14, 15]. This relationship however was not 
detected in a pathology-confirmed AD cohort [16]. TBI 
has also been suggested as a risk factor for an earlier onset 
of AD, but a lack of robust evidence means it remains 
contentious [17–22]. The exact underlying mechanism of 
how TBI contributes to the neuropathological features of 
AD, deposits of extracellular amyloid beta (Aβ) plaques 
and intracellular tau tangles [23], remains poorly under-
stood. Some studies found that both Aβ and tau pathol-
ogy were widespread in postmortem tissue of patients 
with a history of TBI but without clear clinical AD, thus 
indicating overlapping pathways between TBI and AD 
[24, 25].

Despite the interest in the relationship between AD 
and TBI, no previous research has investigated the cogni-
tive features of AD patients with a TBI history. Both AD 
and TBI involve complex changes in cognitive abilities, 
though it may be hypothesized that the executive domain 
is more affected in AD patients with TBI history com-
pared to AD patients without a TBI history because TBI 
is likely to inflict frontal structures and tends to impair 
executive functioning [26]. There also remains sparse lit-
erature on the noncognitive features of this population, 
such as neuropsychiatric symptoms (NPSs). Some studies 
have found a higher rate of NPSs in all-type dementia pa-
tients with a TBI history (disinhibition, apathy, and mo-
tor disturbances) [27, 28]; however, these studies were 
not specified to AD.

It has not yet been established whether clinical AD fea-
tures are influenced by specific TBI characteristics, for 
instance, age at injury, severity, and frequency of TBI. 
Some studies have suggested that TBI at an older age is 
more likely to impact long-term cognitive functioning, 
increases the risk for AD, and affects the clinical course 
of AD [1, 29, 30]. While, in contrast, CTE research evi-
denced that earlier age of head injury exposure is linked 
to more severe and earlier onset of disease characteristics 
[31–34]. Despite the fact that the severity and frequency 
of TBI further elevates the risk for AD, there also remains 
scarce evidence on whether these injury characteristics 

impact age of disease onset and other clinical features of 
AD. Therefore, this study aimed to examine whether a 
history of TBI and specific injury characteristics are as-
sociated with differences in age of disease onset, cognitive 
features, and NPSs in a well-defined, biomarker-proven 
AD population.

Materials and Methods

Study Population
We selected our population from the Amsterdam Dementia 

Cohort (ADC): patients who visited the tertiary memory clinic be-
tween September 1997 and January 2021 [35]. During this visit, 
diagnostic cognitive screening was conducted, including neuro-
logical examination, neuropsychological assessment, magnetic 
resonance imaging, APOE genotyping, and lumbar puncture for 
cerebrospinal fluid (CSF) analysis. A consensus diagnosis was 
made by a multidisciplinary panel, including a neurologist, a neu-
ropsychologist, a radiologist, and a psychiatrist. Patients provided 
written consent to use their clinical data for future research pur-
poses.

We selected patients with (1) baseline diagnosis of “probable 
AD” or “mild cognitive impairment (MCI) due to AD,” including 
(2) an AD biomarker profile in CSF and/or (3) a positive amyloid 
positron emission tomography (PET) scan. For AD biomarkers in 
CSF, we used standardized diagnostic laboratory cutoffs, which 
includes an abnormal phosphorylated-tau (p-tau)/Aβ42 ratio mea-
sured with Elecsys (ratio >0.020) or a combination of abnormal 
Aβ42 and p-tau measured with INNOTEST (Aβ42 <813, p-tau >52). 
Amyloid PET scan was conducted using 11C-PiB, 18F-florbetaben, 
18F-flutemetamol, or 18F-florbetapir tracers and visually rated by a 
nuclear medicine physician according to our local protocol. Visu-
ally read results were dichotomized into “positive” or “negative.” 
Patients with normal or unavailable CSF/PET biomarkers were ex-
cluded from analysis (N = 1,051). APOE e4 genotype was available 
for 93.8% and divided into APOE e4 carriers (carrying one or two 
e4 alleles) and noncarriers.

Traumatic Brain Injury
Information about TBI was reported in the medical history as 

brain injury, head injury, concussion, or brain contusion, includ-
ing three different TBI characteristics: age of TBI, whether there 
was loss of consciousness (LOC), and whether there were multiple 
TBI events. We grouped TBI history into a single dichotomous 
variable for our main analysis (history of TBI: present or absent) 
and created multiple TBI subgroups for sub-analyses. For the first 
sub-analysis, age of TBI was subdivided into age of TBI <25 years 
and ≥25 years old. In case of multiple injuries, we applied the age 
of the first experienced TBI. This cutoff point was based on previ-
ous reports about brain maturation to indicate a period of different 
vulnerability for environmental stress. Although brain volume 
seems to reach its peak around the age of 12 years, it is widely es-
tablished that the brain, especially the prefrontal cortex, further 
matures and rewires until the mid-20s [36]. Besides, previous re-
ports showed that development and maturation of a majority of 
white matter microstructures continues until the age of 25 years 
before it reaches a plateau phase [37, 38].
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For the second sub-analysis, we combined TBI with LOC and 
multiple TBI events to create two subgroups. TBI groups were sub-
divided into “minor TBI” (single TBI without LOC) or “major 
TBI” (TBI with LOC and/or multiple TBI) in order to represent 
the effect of severity and cumulative impacts. We decided to merge 
these two TBI characteristics as the number of cases with multiple 
TBI events was only limited (N = 25), and the majority of cases with 
multiple TBI have also experienced LOC. Age of TBI was available 
for 92.2% of all TBI cases, and information about LOC and TBI 
frequency was available for 83.0%.

Outcome Measures
Age of Disease Onset
To determine the age of disease onset, we used data about 

symptom duration and age at diagnosis, both assessed during di-
agnostic cognitive screening. Symptom duration is determined by 
the clinician and indicates the patient’s or informant’s perception 
on the number of years of disease-related cognitive or behavioral 
complaints. This measure has been used to determine age at symp-
tom onset. As the objective clinician’s diagnosis is likely to be more 
sensitive than patient’s subjective view, we determined age at diag-
nosis as a second marker for age of AD onset.

Cognition
Global cognition was assessed with the Mini-Mental State Ex-

amination (MMSE), and dementia severity was staged with the 
Clinical Dementia Rating (CDR) Scale. A comprehensive stan-
dardized test battery has been used to examine five cognitive do-
mains, as displayed in Table 1. Attention and processing speed was 
assessed using the Digit Span Test (forward), the Stroop Color 

Word Test (SCWT) (sum of scores of table I and II), and Trail 
Making Test (TMT) part A [39–41]. Executive functioning was as-
sessed by the Letter Fluency Test (sum of three trials), the Digit 
Span Test (backward), the SCWT (table III), and the TMT part B 
[39–42]. Test scores were corrected for attention/processing speed. 
Language was tested with the naming task of the Visual Associa-
tion Test (VAT) and the Animal Fluency Test [43, 44]. Memory 
was assessed with Dutch version of the Rey Auditory Verbal Learn-
ing Test (immediate recall, sum of five attempts) and the VAT part 
A [43, 45]. Visuospatial abilities were tested with The Visual Ob-
ject and Space Perception Battery (number location and fragment-
ed letters) and the Rey Complex Figure Test (recognition) [46, 47]. 
Higher scores indicate better performance, except from the pace-
dependent tests (TMT, SCWT). Scores were inverted for these tests 
and subtests. Test scores which were not normally distributed were 
log-transformed. We transformed the neuropsychological data 
into Z-scores, using the raw means and standard deviation of our 
own study population. Subsequently, we calculated mean compos-
ite scores of all five domains by averaging all completed test scores 
per domain (missing data: attention, 8.5%; executive, 10.7%; lan-
guage, 8.6%; memory, 7.8%; visuospatial, 19.2%).

Neuropsychiatric Symptoms
The Neuropsychiatric Inventory Questionnaire (NPI-Q) was 

completed by the caregiver or another close informant, in order to 
measure 12 NPS items (delusions, hallucinations, agitation/ag-
gression, dysphoria/depression, anxiety, euphoria/elation, apathy/
indifference, disinhibition, irritability/lability, aberrant motor, 
night-time behavior, and appetite/eating). The NPI-Q is a well-
validated and common tool in clinical and research practice to 
measure NPSs in AD patients [48]. Each item was scored for fre-
quency (range 0–4) and severity (range 0–3) and transformed to a 
total severity score (frequency x severity, range 0–12). We calcu-
lated the total NPI-Q score as the sum of all 12 total severity scores 
(range 0–144). Higher scores indicate more severe NPSs. NPI data 
were available for 78.5% of all patients, and missing cases were ex-
cluded from analyses.

Statistical Analysis
All data analyses were performed using IBM SPSS Statistics 

(version 26). We used χ2 tests, independent t tests, and Mann-
Whitney U tests where appropriate, to compare baseline charac-
teristics between AD patients with TBI history (TBI+) and AD 
patients without TBI history (TBI−). For our main analysis, linear 
regression analyses were used to assess associations between TBI 
history (independent variable) and age of disease onset, cognitive 
functioning, and NPSs (dependent variables). For our sub-analy-
ses, we utilized linear regression models to test the effect of age at 
injury and TBI “severity” on age of disease onset, cognitive func-
tioning, and NPSs. We built models with the subgroups: TBI <25, 
TBI ≥25 years, and TBI− as categorical independent variables, by 
transforming TBI <25 and TBI ≥25 into dummy variables with 
TBI− as the reference variable. The same was performed for the 
subgroups “major TBI,” “minor TBI,” and TBI−. All models were 
adjusted for several relevant factors. Models with age of disease 
onset as dependent variable were corrected for sex, APOE e4 ge-
notype, and educational level; models with cognitive measures as 
dependent variables were corrected for age, sex, APOE e4 geno-
type, disease stage (MCI or dementia), and educational level; and 
the NPS models were corrected for age, sex, and disease stage.

Table 1. Overview of all neuropsychological tests

Neuropsychological tests

Attention
Digit Span Forward
Stroop Color Word Test (sum of task 1 and 2)
Trail Making Test part A

Executive functioning
Digit Span Backward (ratio)a

Verbal Fluency Test
Stroop Color Word Test task 3 (ratio)b

Trail Making Test part B (ratio)c

Language
Visual Association Test (naming)
Animal Fluency Test

Memory
Rey Auditory Verbal Learning Test
Visual Association Test (part A)

Visuospatial
The Visual Object and Space Perception Battery: number 
location and fragmented letters
Rey Complex Figure Test

a Divided by Digit Span Forward to adjust for attention. b Divided 
by Stroop Color Word Test task 2 to adjust for processing speed. 
c Divided by Trail Making Test part A to adjust for processing speed.
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Significance was thresholded at a p value of <0.05, and signifi-
cant outcomes were corrected for multiple testing by the false dis-
covery rate approach. Since we have three different main outcome 
groups (age of disease onset, cognitive functioning, and NPSs), the 
false discovery rate method was conducted for each outcome 
group separately.

Results

Demographics
Our cohort consisted of 1,755 participants with MCI 

(12.5%) or dementia (87.5%) due to AD. The mean age 
was 65.2 years (SD = 8.0), and 927 participants (53.1%) 
were female. Among these participants, 166 (9.5%) had 
reported one or more TBI in their medical history. In the 
TBI group, we found that 58 participants (35.5%) have 
experienced a TBI at an early age (<25 years), 79 partici-
pants (47.6%) experienced TBI with LOC, and 25 par-
ticipants (15.1%) experienced two or more TBI events. 
Overall, there were 90 participants (54.2%) that experi-
enced LOC and/or multiple TBI events, thus classified as 
major TBI. We compared baseline characteristics be-
tween AD patients with and without TBI history (TBI+ 
vs. TBI−). Baseline results revealed a significant lower 
percentage of APOE e4 carriers in the TBI+ group (48.1% 
vs. 69.6%, χ2 (1) = 29.840, p < 0.001). In addition, the TBI+ 
group consisted of relatively less dementia patients (77.7% 
vs. 88.5%, χ2 (1) = 16.157, p < 0.001). No differences were 
found in sex, symptom duration, and educational level 
between the two groups. All baseline characteristics of 
our cohort are displayed in Table 2.

Age of Disease Onset
No significant differences were found for age at symp-

tom onset (mean difference = 0.500, p = 0.431) and age at 
diagnosis (mean difference = 0.547, p = 0.366) between 
AD patients with and without TBI history. Linear regres-
sion models also showed that medically reported TBI his-
tory was not associated with differences in age of disease 
onset, when controlling for sex, APOE e4 genotype, and 
educational level (age at symptom onset: unstandardized 
beta [B] = 0.608, p = 0.363, age at diagnosis: B = 1.200, p 
= 0.118). Regarding the age of TBI, linear regression anal-
ysis showed that TBI <25 was negatively associated with 
age at symptom onset (B = −2.340, p = 0.031) and age at 
diagnosis (B −2.310, p = 0.041) in AD patients, after ad-
justment for sex, APOE4 genotype, and educational level. 
This indicates that a TBI under the age of 25 years was 
associated with approximately 2.3 years earlier symptom 
onset and AD diagnosis. TBI ≥25 was associated with a 

significant higher age at symptom onset (B = 2.885, p = 
0.001) and a higher age at diagnosis (B = 2.828, p = 0.001). 
Major TBI tends to have a positive association with age at 
diagnosis (B = 1.672, p = 0.061); however, not on a sig-
nificant level (shown in Table 3).

Cognition
We found no associations between TBI and cognitive 

outcome scores with linear regression analyses, after con-

Table 2. Baseline characteristics of the study population

TBI+ TBI−

N (%) 166 (9.5) 1,589 (90.5)
TBI <25, n (%) 58 (35.5)
Major TBI, n (%) 90 (54.2)
Sex, female (%) 83 (50.0) 844 (53.4)
Age, mean (SD) 65.7 (7.2) 65.2 (8.0)
Symptom duration, years, mean (SD) 3.1 (2.1) 3.1 (2.4)
Dementia, n (%) 129 (77.7) 1,407 (88.5)a

APOE e4 carrier, n (%) 75 (48.1) 1,037 (69.6)a

Education (Verhage), mean (SD) 5.0 (1.3) 5.1 (1.2)
MMSE, median [IQR] 22 [8] 22 [7]
CDR, median [IQR] 1.0 [0.5] 1.0 [0.5]

TBI+ indicates Alzheimer’s disease patients with reported TBI. 
TBI− indicates Alzheimer’s disease patients without TBI history. TBI 
<25 indicates TBI under the age of 25 years. Major TBI indicates TBI 
with loss of consciousness and/or multiple TBI events. TBI, traumatic 
brain injury; SD, standard deviation; MMSE, Mini-Mental State 
Examination; CDR, clinical dementia rating. a Significant difference 
(p < 0.001).

Table 3. Linear regression analysis between TBI and age of onset

Age at diagnosis Age at symptom onset

B p value B p value

TBI+ 0.608 0.363 0.642 0.357
TBI <25 −2.310 0.041a −2.340 0.031a

TBI ≥25 2.828 0.001a 2.885 0.001a

Major TBI 1.672 0.061 1.516 0.104
Minor TBI −1.387 0.233 −0.891 0.483

TBI <25 indicates age of TBI under 25 years old; TBI ≥25 indicates 
age of TBI older than 25 years old. Major TBI indicates TBI with loss 
of consciousness and/or multiple TBI events. Minor TBI indicates 
single TBI without loss of consciousness. Values are displayed as 
unstandardized coefficients (B) and corresponding p values. Models 
are adjusted for the variables sex, APOE e4 genotype, and 
educational level. TBI, traumatic brain injury. a Significance remains 
after adjustment for multiple testing.
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trolling for age, sex, educational level, disease stage, and 
APOE e4 genotype (Attention B = −0.019, p = 0.786; Ex-
ecutive B = −0.015, p = 0.807; Language B = 0.056, p = 
0.389; Memory B = 0.001, p = 0.991; Visuospatial B = 
0.135, p = 0.099). Figure 1 displays the distribution of 
mean Z-scores for each cognitive domain in the two sub-
groups (TBI+, TBI−). We also did not find an effect of 
TBI <25, TBI ≥25, major TBI, and minor TBI on cognitive 
performance (shown in the online suppl. Table; see www.
karger.com/doi/10.1159/000526243 for all online suppl. 
material).

Neuropsychiatric Symptoms
Overall, we found no significant differences in NPSs 

between the two subgroups (shown in Fig. 2). There was 
a slight nonsignificant association between TBI and de-
gree of anxiety (B = 0.268, p = 0.199) and degree of aber-
rant motor behavior (B = 0.226, p = 0.188), after adjust-
ment for age, sex, and disease stage. No effect was found 
of TBI <25 on NPSs scores, but a late TBI (TBI ≥25) was 
associated with a higher degree of aberrant motor behav-
ior (B = 0.437, p = 0.048). Significance did not survive 

correction for multiple testing. Major TBI was associated 
with a higher degree of irritability (B = 0.678, p = 0.022), 
and there was a tendency for a higher total NPI score in 
this subgroup (B = 1.846, p = 0.180). The significant value 
for irritability however did not survive multiple testing 
(shown in the online suppl. Table).

Discussion

The most remarkable result from this study is that a 
medically reported TBI, which happened under the age of 
25 years, was associated with 2.3 years earlier disease on-
set in AD patients. There were no statistically significant 
associations between TBI history, including different TBI 
characteristics, and cognition or NPSs. We also found a 
lower percentage of the APOE e4 genotype in AD patients 
with a TBI history, compared to patients without TBI his-
tory.

To the best of our knowledge, this is the first study to 
show that an early age at injury possibly affects the age of 
disease onset in AD patients. The long-term consequenc-

Fig. 1. Mean Z-scores of composite scores of each cognitive domain in dementia patients. Error bars display the 
95% confidence interval. MCI cases were excluded in this figure because the significant higher amount of MCI 
cases in the TBI+ group will influence the visualization of group differences.
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es of TBI during childhood or adolescence have been pre-
viously studied, and early TBI has been associated with an 
increased risk of multiple medical and social problems 
during adulthood [49, 50]. Alosco et al. [31] demonstrat-
ed that exposure to tackle football at a younger age was 
associated with an earlier age of symptom onset among 
pathological confirmed CTE cases. It is widely acknowl-
edged that brain development continues until an age of 
approximately 25 years, and it may be assumed that brain 
structures are more vulnerable to disruptions in this pe-
riod [36, 37]. These early disruptions may cause less resil-
ience or higher vulnerability to neurodegenerative chang-
es in the brain later at life, and the threshold to compen-
sate for pathological burden may be lowered. This 
vulnerability theory competes against the theory of neu-
roplasticity. Some argue that juvenile brains actually have 
greater capacity to adapt to insults, such as TBI, com-
pared to the older brain [51]. There remain many uncer-
tainties regarding both vulnerability and neuroplasticity 
theories, and future studies are needed to further estab-
lish the effect of juvenile TBI on long-term cognitive per-
formance and the onset of neurodegenerative diseases.

Interestingly, no significant association was found be-
tween overall TBI history and age of disease onset in AD 
patients in our study. This finding is in line with a small 
number of older reports [20–22] but in contrast to some 
recent publications. One study reported a 2.5-year earlier 
symptom onset in clinically diagnosed AD patients with 
TBI history [17], and another study reported similar re-
sults in a cohort of autopsy-confirmed AD cases [19]. 
However, the mean age of the population in these studies 
was notably higher than our cohort, and the age at injury 
was not taken into consideration. It could be hypothe-
sized that an early age at injury may have driven the as-
sociation in these studies, but further evidence is required 
to confirm this.

We observed that cognitive profiles and NPSs in AD 
patients with TBI history may not differ from non-TBI 
AD patients, and this may not be affected by age at injury. 
This potentially contributes to sparse literature on this 
topic. In regards to cognition, one study has indicated a 
faster decrease in functional impairment among AD pa-
tients with TBI history, although this was limited to pa-
tients with a recent TBI event [30]. Another study re-
vealed worse functioning on the TMT-A test and Boston 

Fig. 2. Mean NPI severity score for each subdomain. Error bars display the 95% confidence interval.
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naming test in a cognitively impaired population with 
TBI history compared to non-TBI controls, but this was 
across a spectrum of multiple neurodegenerative and 
non-neurodegenerative disorders [52]. In addition, TBI 
history in combination with a diagnosis of post-traumat-
ic stress disorder was associated with worse cognitive per-
formance in former veterans with MCI [53]. Other stud-
ies have found no association between TBI history and 
faster cognitive decline or progression from MCI to de-
mentia in AD patients [54, 55]. Regarding NPSs, only two 
studies demonstrated that TBI history was associated 
with an elevated risk for disinhibition, apathy, and aber-
rant motor symptoms, yet this was found in an all-type 
dementia population [27, 28]. Our findings may suggest 
that TBI is a risk factor for AD but may not alter clinical 
features once the disease has been developed. This finding 
needs to be interpreted cautiously, given the fact that our 
study was limited to cross-sectional analysis with only 
baseline assessments; hence, differences in cognitive 
functioning and NPSs could not be detected along the 
complete disease trajectory.

We considered positive AD biomarkers as an inclu-
sion criterion for our population in order to reach the 
greatest diagnostic accuracy and highest degree of ho-
mogeneity, which is one of the major strengths of our 
study. However, we are aware that our research has lim-
itations. Our cohort consisted of considerably young 
AD patients from a tertiary referral clinic, and results 
may therefore not be generalizable to the older AD pop-
ulation, which often has more comorbidities and differ-
ent pattern of cognitive deficits compared to younger 
AD patients. Another limitation is that information 
about TBI history has been collected from medical his-
tory documentation instead of a standardized TBI as-
sessment tool and may have led to unrecognized or not 
properly classified TBI events. In fact, previous work 
has demonstrated the inaccuracy of using medical files 
to identify single and repetitive TBI events in history 
[56]. Subconcussive impacts to the head may have also 
been unrecognized, due to lack of information about 
participation in contact sports or professional military 
service, which are often accompanied with such repeti-
tive head impacts. It could be hypothesized that our TBI 
collection method predominantly identifies TBI events 
with clinical significance, and our study may primarily 
represent the effects of these type of trauma. Neverthe-
less, the shortcomings of our method need to be con-
sidered when interpreting our results. Another limita-
tion is the potential bias of recalling medical history 
from the patient’s childhood or adolescence. It may be 

argued that these early TBI events have only been re-
called when they have been relatively severe, whereas 
TBI events at an older age have also been remembered 
when they have been relatively mild. It could be hypoth-
esized that our results did not solely reflect a juvenile 
effect but also a severity effect of these early TBI events, 
even though the distribution of major TBI and minor 
TBI events was equal between the two subgroups. The 
question is however whether TBI severity actually has 
effect on early AD onset as our results demonstrated 
that TBI with LOC and multiple TBI was even tended 
to be associated with a higher age of disease onset.

In summary, the findings of our study give some indi-
cations that TBI during childhood, adolescence, or early 
adulthood may influence age of disease onset in AD pa-
tients, given its association with a 2.3-year earlier age at 
symptom onset, but TBI may not affect cognitive charac-
teristics and NPS profiles in this population. Given that 
our results are based on cross-sectional analysis and lim-
ited by the TBI collection tool, the findings should conse-
quently be treated with considerable caution. We recom-
mend future studies to focus on the effect of TBI on the 
clinical and cognitive features along the complete trajec-
tory of AD, with the use of a validated TBI assessment 
battery.

Acknowledgments

Research of the Alzheimer Center Amsterdam is part of the 
neurodegeneration research program of Amsterdam Neurosci-
ence. The Alzheimer Center Amsterdam is supported by Stichting 
Alzheimer Nederland and Stichting VUmc fonds. The chair of  
Wiesje van der Flier is supported by the Pasman Stichting.

Statement of Ethics

This research is in accordance with the World Medical Asso-
ciation Declaration of Helsinki. This study is part of the Amster-
dam Dementia Cohort and was approved by the Medical Ethics 
Committee of the VU medical center (protocol number: 
P2016.061). Written informed consent was obtained from all par-
ticipants who participated in this study.

Conflict of Interest Statement

Dewi K. Caton is a part-time employee of the Brain Research 
Center. Philip Scheltens has received consultancy fees (paid to the 
institution) from ACImmune, Alkermes, Alnylam, Alzheon, 
Anavex, Biogen, Brainstorm Cell, Cortexyme, Denali, EIP, Immu-
noBrain Checkpoint, GemVax, Genentech, Green Valley, Novar-



AD Patients with TBI History 129Dement Geriatr Cogn Disord Extra 2022;12:122–
DOI: 10.1159/000526243

tis, Novo Nordisk, PeopleBio, Renew LLC, and Roche. He is a PI 
of studies, CogRx, FUJI-film/Toyama, IONIS, UCB, and Vivory-
on. He is a part-time employee of Life Sciences Partners Amster-
dam. Everard G.B. Vijverberg has received consultancy fees (paid 
to the institution) from Biogen, Brainstorm Cell, ImmunoBrain 
Checkpoint, New Amsterdam Pharma, and Treeway. He is a PI of 
studies with ACImmune, CogRx, Green Valley, IONIS, Janssen, 
Roche, Rodin Therapeutics, Sanofi, UCB, and Vivoryon.

Funding Sources

Everard G.B. Vijverberg received funding from Stichting Dio-
raphte as part of this research project.

Author Contributions

Suzan van Amerongen contributed to the design of the study 
protocol, performed data collection, and drafted the manuscript. 
Dewi K. Caton, Yolande A.L. Pijnenburg and Philips Scheltens 
contributed intellectually on the study protocol and critically ap-
praised the manuscript. Everard G.B. Vijverberg oversees the data 
collection and supervised the manuscript draft. All the authors 
read and approved the final manuscript.

Data Availability Statement

The data that support the findings of this study are available on 
request from the corresponding author.

References

  1	 Fann JR, Ribe AR, Pedersen HS, Fenger-Grøn 
M, Christensen J, Benros ME, et al. Long-term 
risk of dementia among people with traumat-
ic brain injury in Denmark:  a population-
based observational cohort study. Lancet Psy-
chiatry. 2018; 5(5): 424–31.

  2	 Tolppanen AM, Taipale H, Hartikainen S. 
Head or brain injuries and Alzheimer’s dis-
ease:  a nested case-control register study. Alz-
heimers Dement. 2017; 13(12): 1371–9.

  3	 Mackay DF, Russell ER, Stewart K, MacLean 
JA, Pell JP, Stewart W. Neurodegenerative 
disease mortality among former professional 
soccer players. N Engl J Med. 2019; 381(19): 

1801–8.
  4	 Lehman EJ, Hein MJ, Baron SL, Gersic CM. 

Neurodegenerative causes of death among re-
tired National Football League players. Neu-
rology. 2012; 79(19): 1970–4.

  5	 Rosso SM, Landweer EJ, Houterman M, 
Donker Kaat L, van Duijn CM, van Swieten 
JC. Medical and environmental risk factors 
for sporadic frontotemporal dementia:  a ret-
rospective case-control study. J Neurol Neu-
rosurg Psychiatry. 2003; 74(11): 1574–6.

  6	 Kalkonde YV, Jawaid A, Qureshi SU, Shirani 
P, Wheaton M, Pinto-Patarroyo GP, et al. 
Medical and environmental risk factors asso-
ciated with frontotemporal dementia:  a case-
control study in a veteran population. Alzhei-
mers Dement. 2012; 8(3): 204–10.

  7	 Deutsch MB, Mendez MF, Teng E. Interac-
tions between traumatic brain injury and 
frontotemporal degeneration. Dement Geri-
atr Cogn Disord. 2015; 39(3–4): 143–53.

  8	 Gardner RC, Burke JF, Nettiksimmons J, Gold-
man S, Tanner CM, Yaffe K. Traumatic brain 
injury in later life increases risk for Parkinson 
disease. Ann Neurol. 2015; 77(6): 987–95.

  9	 Pupillo E, Bianchi E, Vanacore N, Montalto 
C, Ricca G, Robustelli Della Cuna FS, et al. 
Increased risk and early onset of ALS in pro-
fessional players from Italian Soccer Teams. 
Amyotroph Lateral Scler Frontotemporal De-
gener. 2020; 21(5–6): 403–9.

10	 Chiò A, Benzi G, Dossena M, Mutani R, Mora 
G. Severely increased risk of amyotrophic lat-
eral sclerosis among Italian professional foot-
ball players. Brain. 2005; 128(Pt 3): 472–6.

11	 Katz DI, Bernick C, Dodick DW, Mez J, Mar-
iani ML, Adler CH, et al. National institute of 
neurological disorders and stroke consensus 
diagnostic criteria for traumatic encephalop-
athy syndrome. Neurology. 2021; 96(18): 848–
63.

12	 Bieniek KF, Cairns NJ, Crary JF, Dickson 
DW, Folkerth RD, Keene CD, et al. The Sec-
ond NINDS/NIBIB consensus meeting to de-
fine neuropathological criteria for the diagno-
sis of chronic traumatic encephalopathy. J 
Neuropathol Exp Neurol. 2021; 80(3): 210–9.

13	 Fratiglioni L, Launer LJ, Andersen K, Breteler 
MM, Copeland JR, Dartigues JF, et al. Inci-
dence of dementia and major subtypes in Eu-
rope:  a collaborative study of population-
based cohorts. Neurologic diseases in the el-
derly research group. Neurology. 2000; 54(11 
Suppl 5): S10–5.

14	 Barnes DE, Byers AL, Gardner RC, Seal KH, 
Boscardin WJ, Yaffe K. Association of mild 
traumatic brain injury with and without loss 
of consciousness with Dementia in US mili-
tary veterans. JAMA Neurol. 2018; 75(9): 

1055–61.
15	 Nordström A, Nordström P. Traumatic brain 

injury and the risk of dementia diagnosis:  a 
nationwide cohort study. PLoS Med. 2018; 

15(1): e1002496.
16	 Sugarman MA, McKee AC, Stein TD, Tripo-

dis Y, Besser LM, Martin B, et al. Failure to 
detect an association between self-reported 
traumatic brain injury and Alzheimer’s dis-
ease neuropathology and dementia. Alzhei-
mers Dement. 2019; 15(5): 686–98.

17	 LoBue C, Wadsworth H, Wilmoth K, Clem 
M, Hart J Jr, Womack KB, et al. Traumatic 
brain injury history is associated with earlier 
age of onset of Alzheimer disease. Clin Neu-
ropsychol. 2017; 31(1): 85–98.

18	 Nemetz PN, Leibson C, Naessens JM, Beard 
M, Kokmen E, Annegers JF, et al. Traumatic 
brain injury and time to onset of Alzheimer’s 
disease:  a population-based study. Am J Epi-
demiol. 1999; 149(1): 32–40.

19	 Schaffert J, LoBue C, White CL, Chiang HS, 
Didehbani N, Lacritz L, et al. Traumatic brain 
injury history is associated with an earlier age 
of dementia onset in autopsy-confirmed Alz-
heimer’s disease. Neuropsychology. 2018; 

32(4): 410–6.
20	 Mortimer JA, van Duijn CM, Chandra V, 

Fratiglioni L, Graves AB, Heyman A, et al. 
Head trauma as a risk factor for Alzheimer’s 
disease:  a collaborative re-analysis of case-
control studies. EURODEM risk factors re-
search group. Int J Epidemiol. 1991; 20(Suppl 
2): S28–35.

21	 Plassman BL, Havlik RJ, Steffens DC, Helms 
MJ, Newman TN, Drosdick D, et al. Docu-
mented head injury in early adulthood and 
risk of Alzheimer’s disease and other demen-
tias. Neurology. 2000; 55(8): 1158–66.

22	 Guo Z, Cupples LA, Kurz A, Auerbach SH, 
Volicer L, Chui H, et al. Head injury and the 
risk of AD in the MIRAGE study. Neurology. 
2000; 54(6): 1316–23.

23	 Hyman BT, Phelps CH, Beach TG, Bigio EH, 
Cairns NJ, Carrillo MC, et al. National insti-
tute on aging-Alzheimer’s Association guide-
lines for the neuropathologic assessment of 
Alzheimer’s disease. Alzheimers Dement. 
2012; 8(1): 1–13.

24	 Johnson VE, Stewart W, Smith DH. Wide-
spread tau and amyloid-beta pathology many 
years after a single traumatic brain injury in 
humans. Brain Pathol. 2012; 22(2): 142–9.

25	 Agrawal S, Leurgans SE, James BD, Barnes LL, 
Mehta RI, Dams-O’Connor K, et al. Associa-
tion of traumatic brain injury with and with-
out loss of consciousness with neuropatho-
logic outcomes in community-dwelling older 
persons. JAMA Network Open. 2022; 5(4): 

e229311.

https://www.karger.com/Article/FullText/526243?ref=1#ref1
https://www.karger.com/Article/FullText/526243?ref=1#ref1
https://www.karger.com/Article/FullText/526243?ref=2#ref2
https://www.karger.com/Article/FullText/526243?ref=2#ref2
https://www.karger.com/Article/FullText/526243?ref=3#ref3
https://www.karger.com/Article/FullText/526243?ref=4#ref4
https://www.karger.com/Article/FullText/526243?ref=4#ref4
https://www.karger.com/Article/FullText/526243?ref=5#ref5
https://www.karger.com/Article/FullText/526243?ref=5#ref5
https://www.karger.com/Article/FullText/526243?ref=6#ref6
https://www.karger.com/Article/FullText/526243?ref=6#ref6
https://www.karger.com/Article/FullText/526243?ref=7#ref7
https://www.karger.com/Article/FullText/526243?ref=7#ref7
https://www.karger.com/Article/FullText/526243?ref=8#ref8
https://www.karger.com/Article/FullText/526243?ref=9#ref9
https://www.karger.com/Article/FullText/526243?ref=9#ref9
https://www.karger.com/Article/FullText/526243?ref=10#ref10
https://www.karger.com/Article/FullText/526243?ref=11#ref11
https://www.karger.com/Article/FullText/526243?ref=12#ref12
https://www.karger.com/Article/FullText/526243?ref=12#ref12
https://www.karger.com/Article/FullText/526243?ref=13#ref13
https://www.karger.com/Article/FullText/526243?ref=14#ref14
https://www.karger.com/Article/FullText/526243?ref=15#ref15
https://www.karger.com/Article/FullText/526243?ref=16#ref16
https://www.karger.com/Article/FullText/526243?ref=16#ref16
https://www.karger.com/Article/FullText/526243?ref=17#ref17
https://www.karger.com/Article/FullText/526243?ref=17#ref17
https://www.karger.com/Article/FullText/526243?ref=18#ref18
https://www.karger.com/Article/FullText/526243?ref=18#ref18
https://www.karger.com/Article/FullText/526243?ref=19#ref19
https://www.karger.com/Article/FullText/526243?ref=20#ref20
https://www.karger.com/Article/FullText/526243?ref=21#ref21
https://www.karger.com/Article/FullText/526243?ref=22#ref22
https://www.karger.com/Article/FullText/526243?ref=23#ref23
https://www.karger.com/Article/FullText/526243?ref=24#ref24
https://www.karger.com/Article/FullText/526243?ref=25#ref25


van Amerongen/Caton/Pijnenburg/
Scheltens/Vijverberg

Dement Geriatr Cogn Disord Extra 2022;12:122–130
DOI: 10.1159/000526243

26	 McDonald BC, Flashman LA, Saykin AJ. Ex-
ecutive dysfunction following traumatic brain 
injury:  neural substrates and treatment strate-
gies. NeuroRehabilitation. 2002; 17(4): 333–
44.

27	 Bray MJC, Richey LN, Bryant BR, Krieg A, Ja-
hed S, Tobolowsky W, et al. Traumatic brain 
injury alters neuropsychiatric symptomatol-
ogy in all-cause dementia. Alzheimers De-
ment. 2021; 17(4): 686–91.

28	 Rao V, Rosenberg P, Miles QS, Patadia D, 
Treiber K, Bertrand M, et al. Neuropsychiat-
ric symptoms in dementia patients with and 
without a history of traumatic brain injury. J 
Neuropsychiatry Clin Neurosci. 2010; 22(2): 

166–72.
29	 Li W, Risacher SL, McAllister TW, Saykin AJ, 

Alzheimer’s Disease Neuroimaging Initiative. 
Age at injury is associated with the long-term 
cognitive outcome of traumatic brain injuries. 
Alzheimers Dement. 2017; 6: 196–200.

30	 Gilbert M, Snyder C, Corcoran C, Norton 
MC, Lyketsos CG, Tschanz JT. The associa-
tion of traumatic brain injury with rate of pro-
gression of cognitive and functional impair-
ment in a population-based cohort of Alzhei-
mer’s disease:  the Cache County Dementia 
Progression Study. Int Psychogeriatr. 2014; 

26(10): 1593–601.
31	 Alosco ML, Mez J, Tripodis Y, Kiernan PT, 

Abdolmohammadi B, Murphy L, et al. Age of 
first exposure to tackle football and chronic 
traumatic encephalopathy. Ann Neurol. 
2018; 83(5): 886–901.

32	 Kaufmann D, Sollmann N, Kaufmann E, Veg-
geberg R, Tripodis Y, Wrobel PP, et al. Age at 
first exposure to tackle football is associated 
with cortical thickness in former professional 
American Football Players. Cereb Cortex. 
2021; 31(7): 3426–34.

33	 Alosco ML, Kasimis AB, Stamm JM, Chua AS, 
Baugh CM, Daneshvar DH, et al. Age of first 
exposure to American football and long-term 
neuropsychiatric and cognitive outcomes. 
Transl Psychiatry. 2017; 7(9): e1236.

34	 Stamm JM, Bourlas AP, Baugh CM, Fritts 
NG, Daneshvar DH, Martin BM, et al. Age of 
first exposure to football and later-life cogni-
tive impairment in former NFL players. Neu-
rology. 2015; 84(11): 1114–20.

35	 van der Flier WM, Pijnenburg YAL, Prins N, 
Lemstra AW, Bouwman FH, Teunissen CE, et 
al. Optimizing patient care and research:  the 
Amsterdam Dementia Cohort. J Alzheimers 
Dis. 2014; 41(1): 313–27.

36	 Arain M, Haque M, Johal L, Mathur P, Nel W, 
Rais A, et al. Maturation of the adolescent 
brain. Neuropsychiatr Dis Treat. 2013; 9: 449–
61.

37	 Lebel C, Walker L, Leemans A, Phillips L, 
Beaulieu C. Microstructural maturation of 
the human brain from childhood to adult-
hood. NeuroImage. 2008; 40(3): 1044–55.

38	 Tamnes CK, Østby Y, Fjell AM, Westlye LT, 
Due-Tønnessen P, Walhovd KB. Brain matu-
ration in adolescence and young adulthood:  
regional age-related changes in cortical thick-
ness and white matter volume and micro-
structure. Cereb Cortex. 2010; 20(3): 534–48.

39	 Blackburn HL, Benton AL. Revised adminis-
tration and scoring of the Digit Span Test. J 
Consult Psychol. 1957; 21(2): 139–43.

40	 Stroop JR. Studies of interference in serial ver-
bal reactions. J Exp Psychol. 1935; 18(6): 643–
62.

41	 Reitan RM. Validity of the trail making test as 
an indicator of organic brain damage. Percep-
tual Mot Skills. 1958; 8(7): 271–6.

42	 Schmand B, Groenink SC, van den Dungen 
M. [Letter fluency:  psychometric properties 
and Dutch normative data]. Tijdschrift voor 
Gerontologie en Geriatrie. 2008; 39(2): 64–76.

43	 Lindeboom J, Schmand B, Tulner L, Walstra 
G, Jonker C. Visual association test to detect 
early dementia of the Alzheimer type. J Neu-
rol Neurosurg Psychiatry. 2002; 73(2): 126–33.

44	 Van der Elst W, Van Boxtel MPJ, Van Breuke-
len GJP, Jolles J. Normative data for the ani-
mal, profession and letter M naming verbal 
fluency tests for Dutch speaking participants 
and the effects of age, education, and sex. J Int 
Neuropsychol Soc. 2006; 12(1): 80–9.

45	 Saan R, Deelman B. De 15-woordentest A en 
B (een voorlopige handleiding). Groningen:  
Afdeling Neuropsychologie, AZG;  1986.

46	 Rapport LJ, Millis SR, Bonello PJ. Validation 
of the warrington theory of visual processing 
and the visual object and space perception 
battery. J Clin Exp Neuropsychol. 1998; 20(2): 

211–20.
47	 Rey A. L’examen psychologique dans les cas 

d’encéphalopathie traumatique.(Les prob-
lems.). Arch de Psychol. 1941; 28: 215–85.

48	 Cummings JL, Mega M, Gray K, Rosenberg-
Thompson S, Carusi DA, Gornbein J. The 
neuropsychiatric inventory:  comprehensive 
assessment of psychopathology in dementia. 
Neurology. 1994; 44(12): 2308–14.

49	 Ryan NP, Anderson V, Godfrey C, Beau-
champ MH, Coleman L, Eren S, et al. Predic-
tors of very-long-term sociocognitive func-
tion after pediatric traumatic brain injury:  
evidence for the vulnerability of the immature 
“social brain”. J Neurotrauma. 2014; 31(7): 

649–57.
50	 Sariaslan A, Sharp DJ, D’Onofrio BM, Lars-

son H, Fazel S. Long-term outcomes associ-
ated with traumatic brain injury in childhood 
and adolescence:  a nationwide Swedish Co-
hort Study of a wide range of medical and so-
cial outcomes. PLoS Med. 2016; 13(8): 

e1002103.
51	 Anderson V, Spencer-Smith M, Wood A. Do 

children really recover better? Neurobehav-
ioural plasticity after early brain insult. Brain. 
2011; 134(Pt 8): 2197–221.

52	 Iacono D, Raiciulescu S, Olsen C, Perl DP. 
Traumatic brain injury exposure lowers age of 
cognitive decline in AD and non-AD condi-
tions. Front Neurol. 2021; 12: 573401.

53	 Weiner MW, Harvey D, Hayes J, Landau SM, 
Aisen PS, Petersen RC, et al. Effects of trau-
matic brain injury and posttraumatic stress 
disorder on development of Alzheimer’s dis-
ease in Vietnam veterans using the Alzhei-
mer’s disease neuroimaging initiative:  pre-
liminary report. Alzheimers Dement. 2017; 

3(2): 177–88.
54	 Tripodis Y, Alosco ML, Zirogiannis N, Gavett 

BE, Chaisson C, Martin B, et al. The effect of 
traumatic brain injury history with loss of 
consciousness on rate of cognitive decline 
among older adults with normal cognition 
and Alzheimer’s disease dementia. J Alzhei-
mers Dis. 2017; 59(1): 251–63.

55	 LoBue C, Woon FL, Rossetti HC, Hynan LS, 
Hart J, Cullum CM. Traumatic brain injury 
history and progression from mild cognitive 
impairment to Alzheimer disease. Neuropsy-
chology. 2018; 32(4): 401–9.

56	 Bazarian JJ, Veazie P, Mookerjee S, Lerner EB. 
Accuracy of mild traumatic brain injury case 
ascertainment using ICD-9 codes. Acad 
Emerg Med. 2006; 13(1): 31–8.

https://www.karger.com/Article/FullText/526243?ref=26#ref26
https://www.karger.com/Article/FullText/526243?ref=27#ref27
https://www.karger.com/Article/FullText/526243?ref=27#ref27
https://www.karger.com/Article/FullText/526243?ref=28#ref28
https://www.karger.com/Article/FullText/526243?ref=28#ref28
https://www.karger.com/Article/FullText/526243?ref=29#ref29
https://www.karger.com/Article/FullText/526243?ref=30#ref30
https://www.karger.com/Article/FullText/526243?ref=31#ref31
https://www.karger.com/Article/FullText/526243?ref=32#ref32
https://www.karger.com/Article/FullText/526243?ref=33#ref33
https://www.karger.com/Article/FullText/526243?ref=34#ref34
https://www.karger.com/Article/FullText/526243?ref=34#ref34
https://www.karger.com/Article/FullText/526243?ref=35#ref35
https://www.karger.com/Article/FullText/526243?ref=35#ref35
https://www.karger.com/Article/FullText/526243?ref=36#ref36
https://www.karger.com/Article/FullText/526243?ref=37#ref37
https://www.karger.com/Article/FullText/526243?ref=38#ref38
https://www.karger.com/Article/FullText/526243?ref=39#ref39
https://www.karger.com/Article/FullText/526243?ref=39#ref39
https://www.karger.com/Article/FullText/526243?ref=40#ref40
https://www.karger.com/Article/FullText/526243?ref=41#ref41
https://www.karger.com/Article/FullText/526243?ref=41#ref41
https://www.karger.com/Article/FullText/526243?ref=42#ref42
https://www.karger.com/Article/FullText/526243?ref=42#ref42
https://www.karger.com/Article/FullText/526243?ref=43#ref43
https://www.karger.com/Article/FullText/526243?ref=43#ref43
https://www.karger.com/Article/FullText/526243?ref=44#ref44
https://www.karger.com/Article/FullText/526243?ref=44#ref44
https://www.karger.com/Article/FullText/526243?ref=45#ref45
https://www.karger.com/Article/FullText/526243?ref=45#ref45
https://www.karger.com/Article/FullText/526243?ref=46#ref46
https://www.karger.com/Article/FullText/526243?ref=47#ref47
https://www.karger.com/Article/FullText/526243?ref=48#ref48
https://www.karger.com/Article/FullText/526243?ref=49#ref49
https://www.karger.com/Article/FullText/526243?ref=50#ref50
https://www.karger.com/Article/FullText/526243?ref=51#ref51
https://www.karger.com/Article/FullText/526243?ref=52#ref52
https://www.karger.com/Article/FullText/526243?ref=53#ref53
https://www.karger.com/Article/FullText/526243?ref=54#ref54
https://www.karger.com/Article/FullText/526243?ref=54#ref54
https://www.karger.com/Article/FullText/526243?ref=55#ref55
https://www.karger.com/Article/FullText/526243?ref=55#ref55
https://www.karger.com/Article/FullText/526243?ref=56#ref56
https://www.karger.com/Article/FullText/526243?ref=56#ref56

	startTableBody
	startTableBody
	StartZeile
	startTableBody

