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Abstract
Introduction: Our goal was to determine whether cognitive and cerebrospinal fluid
(CSF) markers of tau and amyloid beta 1-42 (Aβ42 ) differ between Vietnam-era veterans with and without history of traumatic brain injury (TBI) and whether TBI moderates
the association between CSF markers and neurocognitive functioning.
Methods: A total of 102 male participants (52 TBI, 50 military controls [MCs]; mean
age = 68) were included. Levels of CSF Aβ42 , tau phosphorylated at the threonine 181
position (p-tau), and total tau (t-tau) were quantified. Group differences in CSF markers
and cognition as well as the moderating effect of TBI on CSF and cognition associations
were explored.
Results: Relative to MCs, the TBI group showed significantly higher p-tau (P = .01)
and t-tau (P = .02), but no differences in amyloid (P = .09). TBI history moderated the
association between CSF tau and performance on a measure of processing speed (ttau: P = .04; p-tau: P = .02).
Discussion: Tau accumulation may represent a mechanism of dementia risk in older
veterans with remote TBI.
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INTRODUCTION
RESEARCH IN CONTEXT

Traumatic brain injury (TBI) has been identified as a risk factor for
1. Systematic Review: The precise neuropathological mech-

the development of neurodegenerative disorders and dementia (e.g.,

anisms by which remote traumatic brain injury (TBI) con-

Alzheimer’s disease [AD], chronic traumatic encephalopathy [CTE])

tributes to dementia risk is currently poorly understood.

in late life.1–3 Epidemiological studies have shown that individuals

Although amyloid beta42 (Aβ42 ) and/or tau aggregation

with a history of TBI demonstrate an earlier age of dementia onset

has been posited to play a pivotal role, studies exploring

relative to controls1,4 and that this risk appears to be magnified

these cerebrospinal fluid (CSF) protein markers in sam-

within the context of repetitive head trauma and increasing injury

ples of older adults with history of remote TBI are limited.

severity.1,2,5 The precise neuropathological mechanisms by which

2. Interpretation: Findings from the Department of Defense

remote TBI contributes to late-life neurodegeneration is poorly under-

Alzheimer’s Disease Neuroimaging Initiative (DOD-

stood, but amyloid beta42 (Aβ42 ) and/or tau aggregation may play a

ADNI) dataset highlight that Vietnam-era veterans

pivotal role.

with remote TBI demonstrate greater levels of CSF

As a consequence of TBI, structural damage (e.g., axonal injury) initi-

tau, although no differences in CSF Aβ42 levels were

ates Aβ42 and tau pathogenesis within damaged tissue, and secondary

observed. Additionally, elevated levels of tau were

neuroinflammatory cascades contribute to the failed clearance and

associated with poorer processing speed within the TBI

accumulation of these protein aggregates.5–9 Studies have shown pro-

group.

tracted microglia for up to two decades in the aftermath of TBI,10

3. Future Directions: Tau pathology may contribute to the

and there is evidence for abnormal tau propagation and accumulation in tandem with these

changes.11

increased risk for dementia outlined by epidemiologi-

Abnormal Aβ42 and tau accu-

cal studies characterizing neurodegenerative disorders

mulation are not unique to neurotrauma, as these neuropathologic

after TBI. Additional work using tau positron emission

changes are also well-established features of pathological aging and

tomography is needed to clarify TBI-related drivers of

a primary driver of AD-related degenerative processes.12 However,

tauopathy (e.g., axonal injury, neuroinflammation, repet-

studies examining these protein markers within the intersection of TBI

itive trauma), as well as the spatio-temporal patterns of

and aging are limited, and the precise manner in which long-term neu-

tau pathology in the brain.

rocognitive outcomes differ as a function of TBI and are ultimately
influenced by each protein marker remains unclear.
The current study aimed to (1) understand the nature of cerebrospinal fluid (CSF) markers of Aβ42 and tau in older Vietnam-era veterans with and without a TBI history, (2) explore potential group dif-

2.2

Participants

ferences in cognitive outcomes, and (3) determine the extent to which
TBI history may moderate associations between CSF markers and cog-

Currently, a total of 299 Vietnam War veterans between the ages of 50

nitive functioning in older adults.

and 90 have been recruited into DOD-ADNI. This study leveraged 102
veterans (TBI: n = 52; military controls [MCs]: n = 50) with available
data for the following variables (downloaded on January 1, 2019): CSF
Aβ42 , tau phosphorylated at the threonine 181 position (p-tau), and

2

METHODS

total tau (t-tau) values; apolipoprotein E (APOE) genotyping; cognitive
scores; ADNI clinical group assignments, and key demographic infor-

2.1

Data, protocol approvals, and patient consent

mation. Participants were excluded if they endorsed a head injury, but
could not provide details surrounding the presence or duration of a loss

Data used for the present study were obtained from the publicly avail-

of consciousness (LOC), alteration of consciousness (AOC), or post-

able Brain Aging in Vietnam War Veterans/Department of Defense

traumatic amnesia (PTA). The larger DOD-ADNI study also excludes

Alzheimer’s Disease Neuroimaging Initiative (DOD-ADNI) database

subjects with a diagnosis of mild cognitive impairment or dementia as

(adni.loni.usc.edu). The study is directed by principal investigator Dr.

defined by Mini-Mental Status Examination scores <24 and Clinical

Michael Weiner of the San Francisco VA Medical Center and Univer-

Dementia Rating score of 0.5 or higher.13

sity of California, San Francisco. The overarching goals of the DODADNI study are to characterize the long-term neural and behavioral
consequences of TBI and/or posttraumatic stress disorder (PTSD). The

2.3

TBI diagnosis

main aims and methods are described in detail elsewhere,13 and up-todate information can be found at www.adni-info.org. This research was

Self-reported details about whether a head injury resulted in a hospi-

approved by the institutional review boards of all participating sites

talization and the presence and duration of any LOC, AOC, or PTA were

within ADNI and written informed consent was obtained for all study

recorded for each subject. This information was downloaded from the

participants.

RECTBIINJ.csv file and the Veterans Affiars (VA)/DoD criteria 201114
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for TBI was used to determine whether each reported injury met clin-

1]/λ where λ = –0.4 for t-tau and –0.6 for p-tau). Multiple linear regres-

ical criteria for TBI, as well as to classify the severity of the reported

sions controlling for age, education, and APOE ε4 positivity were used

injury. An injury was classified as mild if the participant sustained an

to determine whether TBI group status moderated CSF and cognitive

LOC <30 minutes, or AOC or PTA <24 hours; moderate if LOC >30

associations. Follow-up ANCOVAs and regressions were performed

minutes but <24 hours, AOC >24 hours, or PTA >1 day but <7 days; or

with the current CAPS total included as a covariate. Degrees of free-

severe if the participant sustained a LOC ≥24 hours, AOC >24 hours,

dom slightly differ across analyses: p-tau data were degraded for two

or PTA ≥7 days.

subjects; there were two outliers (z-scores >3) on Trails A and one outlier on Trails B removed from cognitive analyses; and CAPS data were
missing for five subjects.

2.4

Biofluid and genetic markers

Reported statistics (i.e., parameter estimates) reflect the difference
between estimated marginal means of Box-Cox transformed values,

CSF samples were collected through lumbar punctures and base-

but untransformed and unadjusted group means are presented within

line levels of Aβ42 , t-tau, and p-tau were measured using Elecsys

the text and figures to facilitate interpretation. All analyses were per-

electrochemi-luminescence immunoassays on a fully automated Cobas

formed with the SPSS version 2619 and R version 3.5.0 (https://cran.

e601 platform. APOE ε4 positivity was determined by the possession of

r-project.org/).20 The Bejamini-Hochberg method was used control the

at least one APOE ε4 allele.

false discovery rate and adjusted P-values are reported alongside significant results within the text.

2.5

Psychiatric and cognitive variables
3

RESULTS

The Clinician-Administered PTSD Scale (CAPS)15 was used to assess
current and lifetime symptoms of posttraumatic stress in accordance

3.1

Sample characteristics

with the Diagnostic and Statistical Manual of Mental Disorders—
Fourth Edition, Text Revision (DSM-IV-TR).16 Cognitive measures that

Participant demographics and TBI injury characteristics are presented

have previously been associated with TBI-associated deficits in older

in (Table 1). The TBI group was ≈ 1.4 years older on average than the

adult samples17,18 were selected. All raw scores on measures of pro-

MCs group (P = .04. ηp 2 = 0.04), and the majority of the TBI group

cessing speed (Trail Making Test Part A), executive functioning (Trail

endorsed an injury that was determined to be mild in severity. Clinical

Making Test Part B), verbal learning (Logical Memory I; Rey Auditory

data for the groups are presented in (Table 2). There were no group dif-

Verbal Learning Test [RAVLT] Trials 1 to 5 Total), and verbal memory

ferences in combat exposure, psychiatric symptoms, or health variables

(Logical Memory II, Total Delayed Recall, and Recognition Total) were

(Ps > .05).

converted to z-scores for analyses. Given there were multiple measures for the verbal learning and memory domains, z-scores were averaged to create composites scores. Poorer cognitive performance was

3.2

Group comparisons on CSF markers

indicated by higher z-scores on the processing speed and executive
functioning measures, or lower z-scores on verbal learning and mem-

ANCOVAs adjusting for age and APOE ε4 positivity revealed that the

ory composites.

TBI group displayed significantly higher levels of p-tau (F [1, 96] = 6.86,
P = .01, adjusted P = .03, ηp 2 = 0.07) and t-tau (F [1, 98] = 5.91, P = .02,
adjusted P = .04, ηp 2 = 0.06). In contrast, there was no main effect of

2.6

Statistical analyses

group for Aβ42 (F [1, 98] = 2.91, P = .09, ηp 2 = 0.03), although CSF levels
of Aβ42 were higher on average within the TBI group versus controls

Analyses of variance (ANOVAs) were used to determine whether the

(see Table 1 and Figure 1).

groups (MCs vs. TBI) differed on continuous demographic and psychiatric variables. Chi-squared analyses were used to examine group differences on categorical demographic variables.

3.3

Group comparisons on cognitive performance

Analyses of covariance (ANCOVAs) adjusting for (1) age and APOE
ε4 positivity examined group differences in CSF levels of Aβ42 , t-tau,

ANCOVAs adjusting for age, education, and APOE ε4 positivity

and p-tau, and (2) age, education, and APOE ε4 positivity were used to

revealed that the TBI group performed significantly worse than the

examine group differences in cognitive performance. Preliminary anal-

MC group on the delayed memory composite (F [1, 96] = 7.90,

yses revealed that the residuals for Aβ42 were normally distributed,

P = .006, adjusted P = .02, ηp 2 = 0.08). There were no significant

but the tau variables were non-normally distributed and strongly pos-

group differences in performance on the verbal learning composite

itively skewed (t-tau and p-tau Shapiro-Wilk’s P’s < .001, skewness for

(F [1, 96] = 1.24, P = .27, ηp 2 = 0.01), Trails A (F [1, 94] = .11, P = .74,

t-tau = 1.16 and p-tau = 1.29). Therefore, prior to data analysis, Box-

ηp 2 = 0.001), or Trails B (F [1, 92] = 0.78, P = .37, ηp 2 = 0.009).

Cox transformations were conducted to normalize tau variables ([xˆλ–

See Table 3.
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TA B L E 1

Sample demographics and clinical characteristics, mean (SD)
Military controls
(n = 50)

TBI (n = 52)

F or χ2

P

Effect size
c

ηp 2 = 0.04

Age, years

67.5 (3.5)

68.9 (3.5)

4.3

.04

Education, years

14.9 (2.1)

15.4 (2.5)

1.0

.31

ηp 2 = 0.01

MMSE total score

28.4 (1.4)

28.3 (1.8)

0.1

.73

ηp 2 = 0.001

Sexa , male

100%

98%

1.4

.24

φ = 0.09

APOE ε4 positivityb , yes

22%

23%

0.2

.89

φ = 0.01

2.6

.76

φ = 0.15

4.2

.24

φ = 0.17

ηp 2 = 0.03

a

Race

American Indian/Alaskan Native

2%

2%

Asian

2%

0%

Black

6%

4%

White

82%

90%

Multi-racial

4%

2%

Unknown

4%

2%

Highest rank during military servicea

–

–

Enlisted

78%

75%

Warrant officer

0%

4%

Officer

22%

19%

Unknown

0%

2%

Aβ42 , pg/mL

1197.2(415.7)

1334.4(540.4)

2.9

.09

Total tau, pg/mL

192.0 (57.1)

231.0 (84.5)

5.9

.02c

ηp 2 = 0.06

6.7

c

ηp 2 = 0.07

CSF markers

P-tau, pg/mL

16.3 (5.4)

20.3 (8.2)

.01

TBI injury characteristics
Total TBI count

1.4 (0.8), range 1 to 5

Time since last TBI, years

31.0 (18.8), range 0 to
65

% of individuals with mild versus
moderate/severe for worst injury

63%, 37%

% of mild TBI group with a single
versus multiple injuries

64% 36%

% of individuals that endorsed an
injury that required hospitalization,
Yes: No

54%, 46%

% of individuals that endorsed an
injury that resulted in a LOC, Yes:
No

69%, 31%

% of individuals that endorsed an
injury that resulted in an AOC, Yes:
No

85%, 15%

% of individuals that endorsed an
injury that resulted in PTA, Yes: No

33%, 67%

Abbreviations: Aβ, amyloid beta; AOC, alteration of consciousness; APOE, apolipoprotein E; CSF, cerebrospinal fluid; LOC, loss of consciousness; MC, military
controls; MMSE, Mini-Mental Status Examination; PTA, posttraumatic amnesia; SD, standard deviation; TBI, traumatic brain injury.
a
Denotes likelihood ratio.
b
Denotes chi-squared test.
c
Denotes P < .05.
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TA B L E 2

Sample demographics and clinical characteristics
Military controls
(n = 50)

TBI (n = 52)

F or χ2

P

Effect size

Served in combata , yes

86%

85%

0.04

.84

φ = 0.02

CAPS current total score

31.0 (30.8)

33.7 (26.2)

0.2

.65

ηp 2 = 0.002

CAPS lifetime total score

43.3 (40.7)

48.2 (30.1)

0.4

.51

ηp 2 = 0.005

Geriatric Depression Scale total score

2.8 (3.5)

2.6 (2.6)

0.09

.76

ηp 2 = 0.001

History of diabetes, yes

44%

42%

0.03

.86

φ = 0.02

Combat exposure and psychiatric
symptom severity

Medical history and substance use

History of high blood pressure, yes

66%

56%

1.1

.29

φ = 0.11

History of alcohol use disorder, yes

37%

45%

0.72

.40

φ = 0.09

History of substance use disorder, yes

12%

10%

0.15

.69

φ = 0.04

Abbreviations: CAPS, Clinician Administered PTSD Scale; MCs, military controls; MMSE, Mini-Mental Status Examination; TBI, traumatic brain injury.
a
Denotes chi-squared test
‡
Denotes P < .05.
Please note that five subjects (three from the MCs and two from the TBI group) were missing CAPS data; two TBI subjects (one from the MCs and one from
the TBI group) were missing alcohol or substance use information.

F I G U R E 1 Group comparisons on cerebrospinal fluid (CSF) protein markers of amyloid beta (Aβ)42 and total tau (t-tau) or tau phosphorylated
at the threonine 181 positionp-tau. Top left panel depicts significant group differences in CSF levels of t-tau (left) versus right top right shows p-tau
(right). Bottom row depicts Aβ levels between the two groups

3.4
Group by CSF interactions on cognitive
performance

rpart 2 = 0.24) and group × t-tau (unstandardized β = 6.93, t = 2.06,
P = .04, adjusted P = .08, rpart 2 = 0.20) interactions. Examination of
main effects revealed that poorer processing speed was associated

With respect to Trails A performance, there were significant group ×

with higher levels of p-tau (unstandardized β = 3.74, t = 2.74, P = .009,

p-tau (unstandardized β = 5.08, t = 2.39, P = .02, adjusted P = .06,

rpart 2 = 0.37) and t-tau (unstandardized β = 4.20, t = 1.91, P = .06,
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TA B L E 3

MCs versus TBI group comparisons on cognitive variables of interest
TBI (n = 52)

F

P

Effect size

Verbal learning composite z-score

Military controls (n = 50)
0.05 (0.85)

−0.05 (0.82)

1.24

.27

ηp 2 = 0.01

Verbal memory composite z-score

0.22 (0.69)

−0.21 (0.81)

7.90

.006

ηp 2 = 0.08

Trails A total time z-score

−0.15 (0.66)

−0.05 (0.63)

0.11

.74

ηp 2 = 0.001

Trails B total time z-score

−0.16 (0.77)

0.04 (0.86)

0.79

.37

ηp 2 = 0.009

Abbreviations: AVLT, Auditory Verbal Learning Test; MCs, military controls; TBI, traumatic brain injury.
Note: One MC subject was missing AVLT data for the verbal learning and memory composites; one MC subject was missing data for Trails A and two TBI
subjects were determined to be outliers for Trails A data; three MCs and one TBI were missing Trails B data and one TBI subject was determined to be an
outlier.

F I G U R E 2 Group (military controls [MCs] vs. traumatic brain injury [TBI]) x tau interactions on processing speed. Left panel depicts the
significant associations between p-tau and Trails Making Test A performance within TBI and MCs groups. Right panel depicts between t-tau and
Trails A performance within TBI and MCs groups

rpart 2 = 0.27); however, there were no such significant associations

was not associated with t-tau (F = 0.43, P = 0.51, ηp 2 = 0.005) or p-tau

observed within the MC group (all P’s > .41). See Figure 2. No significant

(F = 0.11, P = .739, ηp 2 = 0.001) in the models.

group × Aβ42 interactions were observed (unstandardized β = 0.0001,
t = –.51, P = .62, rpart 2 = –0.05) for Trails A performance.

With regard to cognition, ANCOVAs revealed that the TBI group
performed significantly worse than the MC group on the verbal mem-

With regard to Trails B performance, no significant interactions

ory composite (F [1, 90] = 6.15, P = .02, ηp 2 = 0.06) and current CAPS

for the group × p-tau (unstandardized β = 5.89, t = 2.00, P = .05,

total score was not associated cognition (F = 0.88, P = .35, ηp 2 = 0.01)

rpart = 0.21) and group x t-tau (unstandardized β = 8.21, t = 1.80,

in the model.

2

P = .08, rpart 2 = 0.18). No significant group × Aβ42 interaction was

Finally, findings from the group x CSF interactions regressions

observed (unstandardized B = 0.0001, t = 0.36, P = .72,rpart = 0.04)

demonstrated that the group x p-tau interactions for Trails A (unstan-

for Trails B. Additionally, there were no significant group × CSF t-tau, p-

dardized β = 4.50, t = 2.13, P = .04, rpart 2 = 0.22) remained significant,

tau, or Aβ42 interactions for verbal learning (Ps > .51) or memory com-

but the group x t-tau interaction for Trails A (unstandardized β = 6.10,

posites (Ps > .18).

t = 1.81, P = .07, rpart 2 = 0.19) was slightly attenuated.

3.5

4

2

Sensitivity analyses adjusting for PTSD

DISCUSSION

A series of follow-up analyses were conducted with current CAPS total

Our study sought to clarify whether group differences in CSF mark-

score included as a covariate in the significant models described above.

ers of AD pathologic processes (Aβ42 , p-tau, and t-tau) and cognitive

Results from the original ANCOVAs were retained for the p-tau (F [1,

functioning could be observed between older Vietnam War–era vet-

90] = 4.56, P = .04, ηp 2 = 0.05) analyses, but were attenuated for t-tau

erans with and without history of TBI. We also tested whether TBI

(F [1, 92] = 3.91, P = .05, ηp 2 = 0.04). Notably, current CAPS total score

history moderated the association between CSF protein markers and
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cognitive functioning. Results showed that, relative to MCs, older Vet-

ined moderate-to-severe TBI samples within weeks of injury and tem-

erans with history of TBI displayed elevated levels of both CSF p-tau

poral variations in CSF Aβ42 have been noted in the acute phase of

and t-tau, although there were no group differences in Aβ42. Addition-

injury.44,47 Nevertheless, a recent ADNI-DoD study showed increased

ally, the TBI group performed significantly worse than the MC group

Aβ deposition detected by [18 F]-AV45-PET in a subset of individuals

on verbal memory measures, although higher levels of CSF tau were

with TBI and comorbid PTSD compared to controls,48 suggesting that

associated with slower processing speed and worse executive func-

CSF protein markers of amyloid may be a less sensitive biomarker of

tioning within the TBI group only. Findings suggest that prior TBI may

TBI relative to amyloid neuroimaging techniques.

lead to elevated levels of CSF tau but not Aβ42 many years after initial

Our study demonstrated that veterans with a history of TBI perform

injury. Results provide preliminary evidence that tau-related disease

more poorly than MCs on verbal memory measures, although there

activity negatively influences cognition in late-life and highlight poten-

was no association between CSF protein markers and memory per-

tial pathologic changes that may explain higher rates of dementia after

formance within this sample. These findings suggest that there may

head trauma.1–3

be another biological mechanism responsible for poor memory per-

Our findings of elevated levels of t-tau and p-tau in older veter-

formance within our TBI group and certainly warrants further explo-

ans with TBI provide some support for the biophysical model of tau

ration. Importantly, compared to veterans with no TBI, similar deficits

pathogenesis.21,22

Tau is a microtubule-associated protein involved in

in processing speed and executive functioning have been noted in an

regulating axonal structure23 and high tensile strain during neuro-

independent sample of slightly older veterans (mean age = 79) with

trauma causes stretching and shearing of the axon. This damage causes

remote TBI.17 Although we failed to find group differences in perfor-

tau to detach, phosphorylate, and aggregate into neurofibrillary tan-

mance within these domains, we observed that higher levels of CSF tau

gles that cannot be cleared. Importantly, tau pathogenesis also appears

appear to be particularly deleterious for the cognitive domains of pro-

to be partially mediated by neuroinflammatory processes24 and con-

cessing speed and executive functioning performance for older adults

tinued Wallerian degeneration may act as a conduit for abnormal tau

with TBI. Additional tau PET imaging techniques are needed to tar-

propagation and accumulation at sites distal from initial injury.25,26

get regional specificity of these findings, as results suggest a poten-

Although the temporal course of these pathophysiological processes

tial regional vulnerability of frontal-subcortical regions which has been

remains unclear, increased t-tau is thought to reflect ongoing axonal

shown across many studies to be characteristic of neurotrauma that

injury and degeneration, whereas higher p-tau is more reflective of tan-

may become more pronounced with advancing age.49

gle pathology.27,28 Thus, our results provide evidence of both an evolv-

Although our sample consisted mostly of individuals with mild TBI,

ing and consequential pathological disease state in older adults with

we conducted a series of exploratory analyses to better understand the

remote TBI histories.

potential role of TBI injury severity in the pattern of observed results

Tau protein aggregation is not unique to neurotrauma and occurs

(see supporting information). Results revealed that elevated levels of

across the continuum of healthy to pathologic aging.29–32 Although

tau were largely driven by those with mild TBI, although the smaller

elevated levels CSF,28 plasma,33,34 and PET tau

in older adults

sample size of the moderate/severe TBI group likely contributed to low

across, our study suggests that primary age-related processes alone

power, which potentially hindered the detection of group differences.

do not fully account for elevated CSF tau in older adults with remote

Additionally, cognitive analyses revealed no significant differences in

TBI histories. Our work also extends findings demonstrating elevated

performance between the moderate/severe and mild TBI groups. Find-

levels of tau in middle-aged TBI samples37–40 and aligns with a recent

ings suggest elevated levels of tau and the observed associations with

study illustrating that central nervous system-enriched blood-based

cognition are not merely the byproduct of increasing injury severity.

exosomal markers of tau differentiated older adults with and without

Finally, psychiatric symptoms have been independently linked to ele-

TBI histories.41 Nevertheless, additional longitudinal tau PET imaging,

vated levels of tau accumulation in younger military TBI samples.50

and histopathological studies, are needed to disentangle the spatio-

However, our results were only somewhat attenuated by the inclusion

temporal patterns of tau pathology within the brain and the what neu-

of CAPS total scores within the model; PTSD symptoms were not a sig-

rodegenerative process (e.g., AD, CTE) tau elevations represent. More-

nificant predictor of cognitive performance within our models. We sus-

over, as illustrated by Peltz et al.,41 there is no obvious single pathol-

pect that TBI rather than PTSD is the primary moderator of tau and

ogy underlying TBI history in older adults and use of multiple biomark-

cognitive associations among older veterans and results highlight the

ers in tandem may further aid in identifying older adults with cognitive

need to take into account remote TBI history in older adult samples and

impairment after TBI.

provide evidence of potentially long-lasting brain changes that are not

35,36

We failed to find group differences in CSF Aβ42 pathology, which

simply the byproduct of comorbid psychiatric distress.

somewhat contrasts with existing literature demonstrating lower CSF

There are many strengths of the study including the application of

Aβ42 (indicative of greater cerebral protein accumulation and plaque

VA/DoD TBI criteria for enhanced reliability of TBI diagnosis, robust

formation) in other mixed severity TBI samples42–44 as well as diffuse

Elecsys CSF analysis methods, and consideration of PTSD and TBI

Aβ plaque accumulation on histopathological examinations of acute

injury severity. However, limitations that warrant careful considera-

and long-term TBI survivors.5,45,46 Differences in sample character-

tion include: retrospective self-report and potential recall bias of TBI

istics (e.g., time since injury, severity of injury) partially explain dis-

injury details; the cross-sectional nature and associated study obser-

crepant findings across studies. Most existing CSF studies have exam-

vations could be the result of pre-injury differences; and while ADNI-
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DOD is a robust dataset for exploration of the long-term consequences

Defense grants awarded to Dr. Delano-Wood and a National Institutes

of head-trauma, peripheral markers of neurodegeneration or inflam-

of Health (National Institute of Neurological Disorders and Stroke

mation (e.g., neurofilament light) that could provide insight into rele-

Ruth-Kirschstein Fellowship) and a Veterans Affairs Advanced Poly-

vant mechanisms of injury are not captured. Future longitudinal stud-

trauma and TBI Rehabilitation Research Fellowship awarded to Dr.

ies are needed to better elucidate the link between CSF biomarkers of

Clark. Dr. Eglit reports no disclosures. Drs. Clark, Bangen, Thomas, and

neurodegeneration and cognitive decline in older adults with histories

Ms. Weigand are members of the International Society to Advance

of neurotrauma. Moreover, given the limited racial/ethnic and sex rep-

Alzheimer’s Research and Treatment. Drs. Clark, Bangen, and Thomas

resentation of these samples, there is a critical need to better under-
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stand whether and how these pathologic processes may differ in more
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This study demonstrated that CSF tau is elevated in Vietnam War–
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with poorer neurocognitive performance. Results dovetail with previous work suggesting that TBI may be associated with pathological brain
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