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Abstract
Background  Traumatic brain injury (TBI) and repetitive head impacts (RHI) have been linked to increased risk for 
multiple types of neurodegenerative disease, higher dementia risk, and earlier age of dementia symptom onset, 
suggesting transdiagnostic implications for later-life brain health. Frontotemporal dementia (FTD) and primary 
progressive aphasia (PPA) represent a spectrum of clinical phenotypes that are neuropathologically diverse. FTD/
PPA diagnoses bring unique challenges due to complex cognitive and behavioral symptoms that disproportionately 
present as an early-onset dementia (before age 65). We performed a detailed characterization of lifetime head trauma 
exposure in individuals with FTD and PPA compared to healthy controls to examine frequency of lifetime TBI and RHI 
and associated clinical implications.

Methods  We studied 132 FTD/PPA (age 68.9 ± 8.1, 65% male) and 132 sex-matched healthy controls (HC; age 
73.4 ± 7.6). We compared rates of prior TBI and RHI (contact/collision sports) between FTD/PPA and HC (chi-
square, logistic regression, analysis of variance). Within FTD/PPA, we evaluated associations with age of symptom 
onset (analysis of variance). Within behavioral variant FTD, we evaluated associations with cognitive function and 
neuropsychiatric symptoms (linear regression controlling for age, sex, and years of education).

Results  Years of participation were greater in FTD/PPA than HC for any contact/collision sport (8.5 ± 6.7yrs vs. 
5.3 ± 4.5yrs, p = .008) and for American football (6.2yrs ± 4.3yrs vs. 3.1 ± 2.4yrs; p = .003). Within FTD/PPA, there were 
dose-dependent associations with earlier age of symptom onset for TBI (0 TBI: 62.1 ± 8.1, 1 TBI: 59.9 ± 6.9, 2 + TBI: 
57.3 ± 8.4; p = .03) and years of American football (0yrs: 62.2 ± 8.7, 1-4yrs: 59.7 ± 7.0, 5 + yrs: 55.9 ± 6.3; p = .009). Within 
bvFTD, those who played American football had worse memory (z-score: -2.4 ± 1.2 vs. -1.4 ± 1.6, p = .02, d = 1.1).

Conclusions  Lifetime head trauma may represent a preventable environmental risk factor for FTD/PPA. Dose-
dependent exposure to TBI or RHI influences FTD/PPA symptom onset and memory function in bvFTD. Clinico-
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Introduction
Traumatic brain injury (TBI) is associated with increased 
risk for diagnosis of multiple forms of dementia and with 
an earlier age of symptom onset than those without prior 
head trauma [1–4]. Studies supporting these links typi-
cally utilize large epidemiological cohorts and leverage 
medical record diagnostic codes both for determining 
prior TBI and dementia diagnosis [5]. Alzheimer’s dis-
ease is a common focus in TBI-dementia research with 
some data supporting more severe Alzheimer’s pathology 
in older adults with prior TBI [6]. Less attention has been 
given to TBI and the risk for frontotemporal demen-
tia (FTD) or primary progressive aphasia (PPA), a spec-
trum of conditions characterized by prominent changes 
in behavior, language, and/or movement in the setting 
of degeneration of the frontal and temporal lobes, which 
collectively are the most common form of dementia in 
individuals under age 65 [7].

Beyond TBI, we now appreciate that the environmen-
tal exposure to repetitive head impacts (RHI), regardless 
of a diagnosed TBI, from contact/collision sports, mili-
tary service-related blast exposure, or other sources (e.g., 
intimate partner violence) can independently contribute 
to later-life dementia risk [8, 9]. RHI is the only known 
risk factor for chronic traumatic encephalopathy (CTE), a 
neurodegenerative tauopathy highly specific to prior RHI 
[8]. The clinical syndrome associated with CTE, known 
as traumatic encephalopathy syndrome (TES), includes 
symptoms that can resemble those in FTD (e.g., execu-
tive dysfunction, neurobehavioral dysregulation) as well 
as less common FTD-related symptoms like memory loss 
[10]. Unfortunately, RHI is not routinely documented in 
medical records nor well-characterized in large aging-
focused studies where deeper clinical phenotyping would 
offer significant advantages over medical record diag-
nostic codes. There is therefore limited understanding of 
environmental factors like TBI or RHI that may be asso-
ciated with an FTD or PPA diagnosis or the significant 
variability in symptoms.

Comprehensive and sensitive measures for accurately 
identifying (and ruling out) TBI with loss of conscious-
ness or posttraumatic amnesia (LOC/PTA) suggest an 
expected lifetime frequency of ~ 30–35% among older 
adults [11, 12], with higher rates in men than women. 
Prior head trauma and FTD research suggests that TBI 
may be overrepresented in patients with FTD and asso-
ciated with up to 3 years earlier age of symptom onset 
among those with the behavioral variant of FTD [1, 13]. 

However, studies with reported TBI frequencies rang-
ing from 4 to 19% in patients with FTD suggest high 
likelihood of significant TBI underreporting or mis-
identification [1, 13–16]. There are no data available on 
RHI exposure in FTD or PPA. However, studies of brain 
donors with substantial RHI during life suggest high rates 
of mixed neuropathology and, in particular, increased 
risk for tau and TDP-43 accumulation, the most common 
proteinopathies present in FTD and most forms of PPA 
[8, 17].

The common finding of multiple neuropathological 
changes in brain donors with dementia [18–20], and the 
potential association of head trauma with mixed neuro-
pathology [8, 17, 21], underscores the need for continued 
in vivo and clinical investigations of head trauma across 
the dementia spectrum. Identifying the frequency of 
prior head trauma in FTD and PPA and the relation to 
clinical features like symptom severity and age of symp-
tom onset has implications for disease prevention, delay, 
or modification. These factors are especially relevant for 
early age of onset conditions like FTD or PPA that carry 
substantial social and economic burden and that pose 
unique challenges to affected families [22, 23].

We performed a detailed assessment of both TBI and 
RHI among a well-characterized group of individuals 
with FTD/PPA spectrum diagnoses compared to clini-
cally normal controls. Our main goals were to better 
understand head trauma reporting rates in FTD/PPA, 
whether the type and/or extent of head trauma differed 
between FTD/PPA and controls, and associations with 
clinical measures (age of onset, cognitive and neuropsy-
chiatric function).

Methods
Participants
Participants were included from the University of 
California, San Francisco Memory and Aging Center 
Alzheimer’s Disease Research Center (ADRC), Program 
Project Grant (PPG) on frontotemporal dementia, or 
Brain Aging Network for Cognitive Health (BrANCH; 
healthy controls). ADRC and PPG participants are pri-
marily clinic-based referrals, while BrANCH participants 
are primarily community-based older adults. All partici-
pants underwent detailed neurological and neuropsy-
chological evaluations and diagnosis by multidisciplinary 
consensus conference. We focused analyses on partici-
pants diagnosed by multidisciplinary consensus con-
ference with FTD or PPA spectrum clinical phenotype 

pathological studies are needed to better understand the neuropathological correlates linking RHI or TBI to FTD/PPA 
onset and symptoms.

Keywords  Frontotemporal dementia, Primary progressive aphasia, Repetitive head impacts, Traumatic brain injury, 
Risk factor
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using published criteria: behavioral variant frontotem-
poral dementia (bvFTD) [24], logopenic variant primary 
progressive aphasia (lvPPA) [25], nonfluent variant PPA 
(nfvPPA) [25], semantic variant PPA (svPPA) [25], corti-
cal basal syndrome (CBS) [26], or a progressive supra-
nuclear palsy syndrome (PSP-S) [27]. Alzheimer’s disease 
is the most common cause of lvPPA and is the primary 
etiology in a subset of patients with CBS; we opted to 
include these clinically-defined diagnostic groups given 
the lack of existing data on head trauma exposure and 
their general categorization as “atypical” and often early-
onset forms of dementia.

We attempted to age- and sex-match (1:1) the partici-
pants with FTD/PPA to community-dwelling healthy 
controls (HC) characterized as clinically normal, func-
tionally independent, without cognitive concerns. Data 
from detailed head trauma surveys were not available 
for participants during multidisciplinary consensus and 
therefore would not have factored into diagnosis.

Head trauma exposure assessment
Study participants completed comprehensive evaluations 
of lifetime head trauma exposure including symptomatic 
TBI (Ohio State University TBI Identification) and expo-
sure to repetitive head impacts (RHI) from contact and 
collision sports (Boston University Head Impact Expo-
sure Assessment; see Additional File 1). Surveys were 
sent to actively enrolled participants to complete inde-
pendently and data were then linked to the most recent 
visit. We required loss of consciousness (LOC) or post-
traumatic amnesia (PTA) to count towards the prior TBI 
total. TBI severity was defined by LOC duration as mild 
(LOC 0–30 min) or moderate-to-severe (LOC > 30 min). 
RHI through contact/collision sports included participa-
tion in American football, boxing, ice hockey, wrestling, 
rugby, karate/mixed martial arts, lacrosse, and/or soccer. 
Prior TBI was characterized as “any” (1+) prior TBI and 
multiple (2+) TBIs. RHI was characterized as “any” prior 
RHI (dichotomous groups with and without participa-
tion in a contact/collision sport for any duration) and as 
a continuous variable (summed cumulative self-reported 
total years of participation for each contact/collision 
sport). We also evaluated RHI via participation in Ameri-
can football, specifically, based on any participation, total 
years of participation, and exposure thresholds estab-
lished by recent consensus recommendations for at least 
“substantial” exposure (5 + years of participation) [10].

We evaluated differences between FTD/PPA and HC in 
both type and extent of prior head trauma (TBI and RHI 
separately), the association of prior head trauma with age 
of symptom onset (FTD/PPA only), and the association 
of prior head trauma with cognitive and neuropsychiat-
ric symptoms in bvFTD, our largest clinical phenotype 

group. Sample sizes were insufficient for studying other 
clinical phenotypes in isolation.

Ages of TBI and RHI were collected through the sur-
veys and adjusted to ensure that only exposures that 
preceded clinical outcomes (e.g., age of symptom onset) 
counted towards a participant’s exposure characteriza-
tion. For example, if reported age of symptom onset was 
55, and a TBI was reported to have occurred at age 60, 
this TBI was subtracted from their TBI total.

Clinical outcomes
Age of symptom onset for participants in the FTD/PPA 
group was estimated based on report by the participant 
and their study partner. For participants with bvFTD, 
cognitive composite scores were derived from compre-
hensive neuropsychological assessments [28]. Raw test 
scores were converted to z-scores relative to the perfor-
mance of a large, clinically normal reference group (97% 
with CDR-SB = 0, age 65 ± 13 years, 60% female, education 
16.8 ± 2.4 years). Composite z-scores were calculated as 
the average z-score across tasks within domains of mem-
ory (California Verbal Learning Test, Short Form total 
immediate recall, short delay, and long delay; Benson 
figure delayed recall), executive function (D-words/one 
minute, Delis-Kaplan Executive Function Scale Design 
Fluency Trial 1, Stroop inhibition, longest backward 
digit span, modified trail making test lines per minute), 
language (animals/one minute, 15-item Boston Naming 
Test), and visuospatial (Benson figure copy, Visual Object 
and Space Perception Number Location). Neuropsychiat-
ric symptoms were quantified with the Neuropsychiatric 
Inventory questionnaire (NPI-Q).

Statistical analysis
Frequency of head trauma exposure was compared 
between HC and FTD/PPA groups using chi-square 
for categorical classifications and analysis of variance 
(ANOVA) for continuous head trauma exposure vari-
ables (e.g., duration of RHI exposure). Logistic regres-
sion with odds ratios were used to assess the association 
of duration of RHI with odds of FTD/PPA diagnosis. 
Within the FTD/PPA group, age of symptom onset was 
compared between participants with and without prior 
head trauma using ANOVA and stepwise trends based 
on exposure groups (e.g., 0, 1, 2 + TBIs) were assessed 
using the chi square linear-by-linear association test. The 
association with years of RHI (continuous) was evalu-
ated using linear regression. Within the bvFTD group, 
the association of head trauma with cognitive perfor-
mance (composite domain z-scores) and neuropsychi-
atric symptoms (NPI-Q total score) was assessed with 
analysis of covariance controlling for age, sex, and years 
of education. We log transformed dependent variables 
that significantly deviated from a normal distribution and 



Page 4 of 10Asken et al. Alzheimer's Research & Therapy          (2024) 16:193 

set an a priori alpha of p < .05 for defining statistical sig-
nificance. Effect sizes were calculated for group compari-
sons and converted to a Cohen’s d scale for interpretation 
(small = 0.20–0.49, medium = 0.50–0.79, large ≥ 0.80) [29].

Results
Our study cohort included 132 HC and 132 sex-matched 
FTD/PPA (65.2% male; Table  1). Despite attempts to 
age-match, the HC group was older than FTD/PPA 
(73.4 ± 7.6yrs vs. 68.9 ± 8.1, p < .001) and reported more 
completed years of education (17.5 ± 2.0 vs. 16.2 ± 2.5, 
p < .001). In this final study cohort, sport participation 
history determined via the BU-RHIEA was completed 

in 100% of participants, while details of prior TBI with 
LOC or PTA via OSU TBI-ID was completed in 242 
(92%) participants with largely preserved sex-matching 
(HC: 65% male, FTD/PPA: 62% male; p = .7). The most 
common clinical syndrome represented within the FTD/
PPA group was bvFTD (N = 39, 30%) followed by lvPPA 
(N = 24, 18%), nfvPPA (N = 23, 17%), PSP-S and svPPA 
(Ns = 16, 12% each), and CBS (N = 14, 11%).

Type and extent of head trauma exposure
History of any TBI did not significantly differ between 
HC (36.2%) and FTD/PPA (34.8%), nor did frequency of 
multiple (2+) TBIs (HC: 12.3%, FTD/PPA: 16.1%; p = .51). 

Table 1  Cohort descriptive statistics
Overall Healthy Control FTD/PPA

N 264 132 132e

Age 71.1 ± 8.2 73.4 ± 7.6 68.8 ± 8.1
Sex, N(%) Female 92 (34.8) 46 (34.8) 46 (34.8)
Education, yrs 16.9 ± 2.3 17.5 ± 2.0 16.2 ± 2.5
Race, N(%)
White 226 (89.3) 114 (87.0) 112 (91.8)
Asiana 15 (6.0) 11 (8.5) 4 (3.2)
Black 7 (2.8) 3 (2.3) 4 (3.3)
Unknown/Refused 5 (2.0) 3 (2.3) 2 (1.6)
TBIb, N(%male) / N(%female)
0 90 (58.8) / 66 (74.2) 51 (60.7) / 32 (69.6) 39 (56.5) / 34 (79.1)
1 36 (23.5) / 16 (18.0) 22 (26.2) / 9 (19.6) 14 (20.3) / 7 (16.3)
2+ 27 (17.6) / 7 (7.9) 11 (13.1) / 5 (10.9) 16 (23.2) / 2 (4.7)
RHI
N(%male) / N(%female)
Any RHI Exposurec 87 (50.6) / 7 (7.6) 38 (44.2) / 6 (13.0) 49 (57.0) / 1 (2.2)
Am. Football 59 (34.3) / 0 (0.0) 27 (31.4) / 0 (0.0) 32 (37.2) / 0 (0.0)
Boxing 8 (4.7) / 0 (0.0) 3 (3.5) / 0 (0.0) 5 (5.8) / 0 (0.0)
Soccer 28 (16.3) / 7 (7.6) 14 (16.3) / 6 (13.0) 14 (16.3) / 1 (2.2)
Ice Hockey 6 (3.5) / 0 (0.0) 1 (1.2) / 0 (0.0) 5 (5.8) / 0 (0.0)
Karate / Mixed Martial Arts 2 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0)
Wrestling 8 (4.7) / 0 (0.0) 2 (2.3) / 0 (0.0) 6 (7.0) / 0 (0.0)
Rugby 2 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0)
Lacrosse 1 (0.6) / 0 (0.0) 1 (1.2) / 0 (0.0) 0 (0.0) / 0 (0.0)
Cumulative exposure, yrsd 6.6 ± 5.6 / 9.1 ± 8.4 5.1 ± 4.5 / 6.5 ± 5.1 8.0 ± 6.2 / 25 (n = 1)
Am. football exposure, yrs 4.7 ± 3.8 / na 3.1 ± 2.4 / na 6.2 ± 4.3 / na
Am. Football
(Highest Level of Play)
Professional 1 (0.6) / 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.2) / 0 (0.0)
College 10 (5.8) / 0 (0.0) 4 (4.7) / 0 (0.0) 6 (7.0) / 0 (0.0)
High School 38 (22.1) / 0 (0.0) 18 (20.9) / 0 (0.0) 20 (23.3) / 0 (0.0)
Youth 8 (4.7) / 0 (0.0) 4 (4.7) / 0 (0.0) 4 (4.7) / 0 (0.0)
Unknown 2 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0) 1 (1.2) / 0 (0.0)
a Inclusive of Indian, Chinese, Japanese, and “other” Asian descent
b 242/264 participants completed the OSU TBI-ID for TBI history (153 male, 89 female). For HC, 2 (1.5%) and for FTD/PPA, 6 (5.4%) participants reported a prior TBI 
considered moderate-to-severe based on LOC > 30 min
c Total N across individual sports will exceed N of “Any RHI Exposure” due to instances of multi-sport participation
d Sum of self-reported number of years participating in each of American football, boxing, soccer, ice hockey, karate/mixed martial arts, wrestling, rugby, or lacrosse
eN = 13 FTD/PPA participants with known pathogenic variants in C9orf72 (N = 5), GRN (N = 4), MAPT (N = 2), or TARDBP (N = 2). No HC participants had FTLD-related 
pathogenic variants
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Prior moderate-severe TBI was rare in both groups but 
qualitatively higher in FTD/PPA than HC (5.4% vs. 1.5%, 
p = .15). Between-group results were similar when exam-
ining males and females separately.

Frequency of any prior participation in a contact/col-
lision sport did not differ between HC and FTD/PPA 
(33.3% vs. 37.9%; p = .60), including American football 
(20.5% vs. 24.2%; p = .46). However, among those who 
previously participated in contact/collision sports (FTD/
PPA N = 40, HC N = 41 with known duration data), dura-
tion of RHI exposure was longer in FTD/PPA than HC 
(8.5 ± 6.7yrs vs. 5.3 ± 4.5yrs, p = .008; Fig.  1). This effect 
appeared driven by American football wherein partici-
pants with FTD/PPA played about twice as long as HC 
(6.2yrs ± 4.3yrs vs. 3.1 ± 2.4yrs; p = .003). Participants with 
FTD/PPA who previously played American football were 
twice as likely to have played for 5 + years compared to 
HC, though this effect did not reach statistical signifi-
cance (51.9% vs. 26.9%, p = .06).

We identified a significant interaction effect of age and 
duration of American football exposure on the odds of 
FTD/PPA (p = .02). Duration of American football par-
ticipation was associated with higher odds of FTD/
PPA among younger participants only. To further probe 
this effect, we examined odds ratios along the age spec-
trum and saw this interaction effect represented when 

stratifying analyses by participants at age 75. Among 
participants below 75, each additional year of American 
football exposure was associated with 36% greater odds 
of FTD/PPA (OR = 1.36 [1.01–1.83], p = .04 controlling for 
age, sex, and education) while an opposite effect was seen 
in participants age 75 or older (OR = 0.77 [0.54–1.08], 
p = .13).

Additional File 2 – Table 1 shows TBI and RHI history 
for each diagnostic group within FTD/PPA.

Head Trauma exposure and age of Symptom Onset
Participants with FTD/PPA and any prior TBI evidenced 
a younger age of symptom onset than those without prior 
TBI with a medium effect size that did not reach statisti-
cal significance (58.5 ± 7.7 vs. 62.1 ± 8.1, p = .054, d = 0.45). 
There was a stepwise progression of earlier onset with 
multiple (2+) TBI (1 TBI = 59.9 ± 6.9, 2 + TBI = 57.3 ± 8.4, 
p = .03, Fig.  2). Sex did not significantly moderate this 
association, though there were relatively few females with 
FTD/PPA and prior TBI with known age of symptom 
onset (N = 7). Results were similar when excluding 2 indi-
viduals whose TBI reportedly occurred within 5 years of 
symptom onset.

Prior participation in contact/collision sports was 
associated with younger age of symptom onset and 
small-medium effect size that did not reach statistical 

Fig. 1  Differences in duration contact/collision sport (LEFT) and American football (RIGHT) participation between Healthy Controls (N = 41) and FTD/PPA 
(N = 40) reporting at least 1 year of play (i.e., not including those who never participated). The dashed line represents the minimum duration of partici-
pation (1 year). Duration of contact/collision sport exposure was longer in FTD/PPA than HC (8.5 ± 6.7yrs vs. 5.3 ± 4.5yrs, p = .008). For American football, 
participants with FTD/PPA played about twice as long as HC (6.2yrs ± 4.3yrs vs. 3.1 ± 2.4yrs; p = .003)
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significance (59.1 ± 7.3 vs. 62.3 ± 8.9, p = .07, d = 0.40; 
Fig.  2). A stronger effect was seen when examining 
American football participation (57.7 ± 6.9 vs. 62.2 ± 8.7, 
p = .02, d = 0.54) with a stepwise decrease in age of symp-
tom onset with greater duration of exposure (1-4yrs: 
59.7 ± 7.0, 5 + yrs: 55.9 ± 6.3, p = .009). Among partici-
pants with any American football participation, there was 
some evidence for a dose-dependent effect of more years 
of American football play with younger age of symptom 
onset, but this was not statistically significant (β=-0.31, 
p = .11). Given that bvFTD may, on average, have an ear-
lier age of symptom onset than other FTD/PPA condi-
tions and be more likely to affect males (thus potentially 
inherent higher rates of head trauma among a condition 
with earlier age of symptom onset), we repeated analyses 
excluding those with bvFTD and results were unchanged. 
Age of symptom onset for each clinical diagnostic group 
is provided in Additional File 2 – Table 2.

Given the expected disproportionate male exposure to 
TBI and RHI, we wanted to better understand whether 
the observed age of onset differences associated with 
prior head trauma could instead be capturing a broader 
effect of sex on age of symptom onset. To do so, we 
restricted analysis to participants with FTD/PPA who 
denied history of both prior TBI and RHI (N = 23 males, 
N = 32 females), and there was no difference in age of 
symptom onset between males and females (62.0 ± 7.9 vs. 
63.4 ± 10.0, p = .59, d = 0.15).

Cognition and neuropsychiatric symptoms in bvFTD
There were 26 participants with bvFTD with established 
TBI history (N = 9 with 1 + TBI) and 32 with established 
RHI history (N = 16 with any prior contact/collision 
sport participation, N = 10 with prior American football 

participation) who also completed the NPI-Q. Neuro-
psychiatric symptoms (NPI-Q total score) were higher 
in those without prior TBI (49.2 ± 14.7 vs. 24.7 ± 19.3, 
p = .001, d = 1.5). The opposite was seen when stratifying 
by American football, where neuropsychiatric symptoms 
were higher in bvFTD participants who played Ameri-
can football than those who did not, but the difference 
was not statistically significant (NPI-Q total scores: 
47.7 ± 11.6 vs. 38.1 ± 23.5, p = .18, d = 0.36). Comparisons 
across NPI-Q domain subscores are provided in Addi-
tional File 2 – Table 3.

There were 23 participants with bvFTD with estab-
lished TBI history (N = 6 with 1 + TBI) and 28 with 
established RHI history (N = 15 with any prior contact/
collision sport, N = 9 with prior American football) who 
also completed comprehensive neuropsychological test-
ing. Cognitive test scores did not differ between bvFTD 
with and without any prior TBI or with and without any 
RHI. Conversely, participants with bvFTD who previ-
ously played American football had lower memory scores 
(z-score: -2.4 ± 1.2 vs. -1.4 ± 1.6, p = .02, d = 1.1; Fig. 3) but 
did not differ in other cognitive domains.

Discussion
We describe lifetime head trauma exposure spanning 
both TBI with LOC/PTA and RHI through contact/col-
lision sports in a well-characterized cohort of individu-
als with FTD and PPA syndromes. Our comprehensive 
approach to surveying lifetime head trauma exposure 
provides more accurate estimates of head trauma in 
FTD/PPA, as well as the type and extent of head trauma 
that differ between FTD/PPA and clinically normal older 
adults.

Fig. 2  Association between age of symptom onset and prior head trauma exposure among participants with FTD/PPA. Differences in age of symptom 
onset are shown as a function of prior TBI (left), prior participation in contact/collision sport (middle), and prior participation in American football (right). 
Group-specific age of symptom onset is displayed within each figure (mean ± standard deviation). Alpha levels (p values) provided for 3 group compari-
sons represent the chi square linear-by-linear association test evaluating statistical significance for a stepwise effect across the 3 groups
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We found that duration of RHI exposure, predomi-
nantly in American football, was significantly longer in 
FTD/PPA than healthy controls. Longer RHI duration 
appeared most related to increased odds of FTD/PPA 
diagnosis for younger individuals in our cohort (early 70s 
and younger). We additionally observed a dose-response 
exposure effect where more frequent TBI and longer 
duration of RHI exposure with earlier age of symptom 
onset among FTD/PPA. Additionally, in participants with 
bvFTD, prior RHI through American football related to 
worse objective memory testing than those with bvFTD 
who had not previously played American football. His-
tory of any TBI or multiple TBI did not differ between 
FTD/PPA and healthy controls, nor did the frequency 
of having participated at some point in contact/collision 
sports. The findings emphasize the relatively high fre-
quency of head trauma among older adults generally, that 
greater duration of RHI through contact/collision sports 
may constitute an environmental risk factor for FTD/PPA 
diagnosis, and the potential influence of head trauma on 
clinical variability observed among patients diagnosed 
with FTD/PPA.

We observed rates of prior TBI with LOC/PTA exceed-
ing 30–40% across study groups, which is significantly 
higher than reported head trauma in prior FTD stud-
ies [1, 14]. These findings are likely associated with 

improved sensitivity of the OSU TBI-ID over cursory 
screening measures or medical record coding, as previ-
ously reported [11]. RHI through contact/collision sports 
has not been reported in prior FTD/PPA work and had 
not been systematically documented for our participants 
prior to this study. Using the BU-HIEA, we identified that 
a significant proportion of FTD/PPA males (> 40%) pre-
viously played a contact/collision sport, including more 
than a third of males who played American football at 
some level.

Consistent with the hypothesis that duration of RHI 
is a key risk factor later-life neurodegeneration, particu-
larly CTE [30–32], participants with FTD/PPA reported 
almost twice the number of years of contact/collision 
sport play and American football participation reported 
by healthy controls. Duration of American football play 
was around 3 years, on average, for healthy controls 
versus 6 years for FTD/PPA. This may lend support to 
recently proposed thresholds of 5 + years constituting 
“substantial” or clinically meaningful RHI exposure [10, 
30]. Earlier age of symptom onset was also observed in 
FTD/PPA adults with American football participation, 
with the youngest average age of onset among those who 
played more than 5 years. Our study lacked neuropatho-
logical characterization of study participants and most 
of the suspected proteinopathies relevant to our sample 

Fig. 3  Association of prior American football participation with objective memory test scores among individuals with behavioral variant frontotemporal 
dementia (bvFTD). Objective memory scores were significantly lower among those who had played American football
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(e.g., CTE, FTLD tau or TDP43) do not have validated in 
vivo biomarkers. Future clinico-pathological studies are 
needed to determine neuropathological correlates of RHI 
in this cohort (e.g., presence of CTE, more severe FTLD-
related or other neuropathology, higher rates of mixed 
neuropathology). This is especially important for etiolog-
ically heterogenous clinical phenotypes like bvFTD and 
for diseases like CTE where the associated clinical phe-
notype remains less well developed.

In general, RHI exposure and duration more consis-
tently differed between FTD/PPA and healthy controls 
and more strongly related to clinical measures than prior 
TBI with LOC/PTA. Our group and others have shown 
that medial temporal structures are especially suscep-
tible to the neurodegenerative effects of RHI [17, 33, 34], 
which is consistent with the specific association observed 
between RHI and worse memory in our subgroup of par-
ticipants with bvFTD. Memory loss is a core clinical fea-
ture of traumatic encephalopathy syndrome, the clinical 
phenotype associated with underlying CTE pathology 
and/or other neuropathological consequences of sub-
stantial RHI [8, 10, 17, 33, 35]. Traditionally, memory 
is thought to be relatively preserved in bvFTD or, when 
impaired, reflects indirect effects of executive dysfunc-
tion. In many cases memory loss might be considered 
exclusionary for diagnosing bvFTD [24, 36]. Others have 
argued reasonably that a subset of patients with bvFTD 
have impaired memory and presence of memory loss 
should not disqualify a bvFTD diagnosis [37, 38]. While 
preliminary, our findings suggest that prior RHI may par-
tially explain why memory loss is observed in some, but 
not all, patients with bvFTD.

Many factors contribute to heterogeneity in clinical 
syndromes, age of symptom onset, and specific symp-
toms in individuals with neurodegenerative diseases. 
Regarding FTD and early-onset atypical (nonamnestic) 
forms of Alzheimer’s disease, life-course risk factors have 
been identified previously, such as higher rates of dyslexia 
in patients with lvPPA [39] and higher rates of mathemat-
ical or visuospatial learning difficulties in patients with 
posterior cortical atrophy [40]. It is possible that substan-
tial head trauma exposure contributes to brain network 
vulnerability and influences risk for and progression of 
neurodegenerative diseases [41, 42]. This may be particu-
larly true for individuals with atypical presentations (e.g., 
memory loss in bvFTD), or have earlier symptom onset, 
which is especially relevant in genetic forms of FTLD 
where there is significant emphasis on understanding 
factors that relate to symptom onset timing.

Strengths of our study were the comprehensive assess-
ments of head trauma and the clinical phenotyping 
supporting our diagnostic groups. Characterizing life-
time head trauma is retrospective by nature and lim-
ited by self-report. Age of symptom onset also relied 

on retrospective self-report. Participants with cogni-
tive decline, especially language-predominant difficul-
ties, may be biased towards underreporting of prior 
head trauma; however, the similar or higher rates of 
head trauma observed in the FTD/PPA group compared 
to HC somewhat alleviates these concerns. FTD/PPA 
participants were recruited from a specialty dementia 
clinic while HC were community-based. RHI through 
earlier life participation in contact/collision sports like 
American football overwhelmingly affects older adult 
males more than females and more research in females 
with prior RHI is needed. RHI exposure is not a uniform 
exposure variable. There are differences in frequency and 
magnitude of head impacts sustained by different playing 
positions or styles of play, and future work should con-
tinue refining RHI as a proxy measure for head trauma 
exposure [31]. We were underpowered to appropriately 
study whether there were sex-specific effects of TBI on 
clinical measures within the FTD/PPA group or to exam-
ine associations between head trauma and clinical mea-
sures within all FTD/PPA phenotypes. We required TBI 
accompanied by LOC or PTA, which likely increases 
specificity to prior symptomatic head trauma, but also 
lacks sensitivity to most TBI classified as “concussion” 
not involving LOC or PTA, as is often the case in sport 
and recreation settings. Neuropsychiatric symptoms 
were derived from a single measure (NPI-Q total score). 
More detailed assessment of behavioral and psychiatric 
symptoms is needed to understand symptoms that may 
differ because of prior head trauma versus being common 
to FTD. This study sample lacked racial and ethnic diver-
sity and we cannot generalize findings to older adults that 
do not identify as non-Hispanic/white. Additional work 
emphasizing recruitment of older adults from under-
represented backgrounds is important given potentially 
higher rates of both head trauma exposure and dementia 
diagnosis [43].

Conclusions
Lifetime head trauma exposure is prevalent among 
older adults, and both TBI and RHI exposure should be 
documented routinely in clinical and research settings 
for neurodegenerative diseases. Participants with FTD/
PPA have significantly longer duration of RHI exposure 
through contact/collision sports like American foot-
ball compared to cognitively unimpaired, healthy adults. 
Dose-dependent exposure to TBI or RHI relates to earlier 
age of FTD/PPA symptom onset. Lifetime head trauma, 
especially RHI, may represent a preventable environmen-
tal risk factor for FTD/PPA. Clinico-pathological studies 
are needed to better understand the neuropathological 
correlates linking TBI and RHI to FTD/PPA onset and 
symptoms.
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