£} Routledge

-1 Taylor &Francis Group

Aging & Mental Health

AGING
MENTAL
HEALTH

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/camh20

PTSD moderates the association between
subjective cognitive decline and Alzheimer’s
disease biomarkers in older veterans

Britney Luu, Katherine J. Bangen, Alexandra L. Clark, Alexandra J.
Weigand, Peter Rantins, Mary Ellen Garcia, Uriel Urias, Victoria C. Merritt,
Kelsey R. Thomas & for the Department of Defense Alzheimer’s Disease
Neuroimaging Initiative

To cite this article: Britney Luu, Katherine J. Bangen, Alexandra L. Clark, Alexandra J. Weigand,
Peter Rantins, Mary Ellen Garcia, Uriel Urias, Victoria C. Merritt, Kelsey R. Thomas & for the
Department of Defense Alzheimer’s Disease Neuroimaging Initiative (08 Aug 2024): PTSD
moderates the association between subjective cognitive decline and Alzheimer's disease
biomarkers in older veterans, Aging & Mental Health, DOI: 10.1080/13607863.2024.2389547

To link to this article: https://doi.org/10.1080/13607863.2024.2389547

@ Published online: 08 Aug 2024.

\]
C;/ Submit your article to this journal &

||I| Article views: 39

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=camh20


https://www.tandfonline.com/action/journalInformation?journalCode=camh20
https://www.tandfonline.com/journals/camh20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13607863.2024.2389547
https://doi.org/10.1080/13607863.2024.2389547
https://www.tandfonline.com/action/authorSubmission?journalCode=camh20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=camh20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13607863.2024.2389547?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/13607863.2024.2389547?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/13607863.2024.2389547&domain=pdf&date_stamp=08 Aug 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/13607863.2024.2389547&domain=pdf&date_stamp=08 Aug 2024

AGING & MENTAL HEALTH
https://doi.org/10.1080/13607863.2024.2389547

23 Routledge

=1 Taylor & Francis Group

‘ W) Check for updates‘

PTSD moderates the association between subjective cognitive decline and
Alzheimer’s disease biomarkers in older veterans

Britney Luu?®, Katherine J. Bangen?<, Alexandra L. Clark?, Alexandra J. Weigand®, Peter Rantins®®,
Mary Ellen Garcia*<, Uriel Urias*®, Victoria C. Merritt*<f, Kelsey R. Thomas®< and for the Department of
Defense Alzheimer’s Disease Neuroimaging Initiative”

3VA San Diego Healthcare System, San Diego, CA, USA; ®San Diego State University, San Diego, CA, USA; “Department of Psychiatry, University of
California, San Diego, La Jolla, CA, USA; YDepartment of Psychology, University of Texas at Austin, Austin, TX, USA; ¢San Diego Joint Doctoral
Program in Clinical Psychology, San Diego State University/University of California, San Diego, CA, USA; fCenter of Excellence for Stress and Mental
Health, VASDHS, San Diego, CA, USA

ARTICLE HISTORY
Received 28 February 2024
Accepted 1 August 2024

ABSTRACT

Objectives: Post-traumatic stress disorder (PTSD) and subjective cognitive decline (SCD) are inde-
pendent risk factors for Alzheimer’s disease (AD) and dementia, but the association of their interaction
on AD biomarkers have yet to be characterized. This study aimed to examine the impact of PTSD on

KEYWORDS
the association between SCD and tau and amyloid positron emission tomography (PET) as well as SCD; PTSD; veterans; Alzheimer’s
global cognition in older Veterans. disease

Method: This study included 87 Vietnam-Era Veterans without dementia (42 with PTSD; 45 without
PTSD) from the Department of Defense-Alzheimer’s Disease Neuroimaging Initiative. All participants
had both tau and amyloid PET imaging as well as cognitive testing. SCD was measured using the
Everyday Cognition questionnaire.

Results: While SCD was associated with tau PET, amyloid PET, and global cognition, PTSD moderated
these associations for tau and amyloid PET levels. Specifically, Veterans without PTSD had a stronger
positive relationship between SCD and AD biomarkers when compared to those with PTSD.
Conclusion: Higher SCD was associated with greater tau and amyloid burden and worse cognitive
performance across the sample, though the tau and amyloid associations were stronger for Veterans
without PTSD. Results highlight the potential benefit of comprehensive clinical assessments including
consideration of mental health among older Veterans with SCD to understand the underlying cause
of the cognitive concerns. Additionally, more work is needed to understand alternative mechanisms
driving SCD in older Veterans with PTSD.

Introduction cognitive measures, there is not strong evidence of elevated AD
biomarkers in those with PTSD. Taken together, results suggest
that PTSD may negatively impact cognitive functioning inde-
pendent of AD processes in late life (Elias et al., 2021; Weiner
etal, 2023).

Beyond objective cognition, Veterans with PTSD also fre-
quently endorse subjective cognitive difficulties, and hyper-

arousal, which often manifests as difficulty concentrating/

Post-traumatic stress disorder (PTSD) has been associated with
increased risk of dementia (Yaffe et al., 2010). One recent
meta-analysis found an adjusted hazard ratio (HR) of 1.55 for
dementia in individuals with PTSD (Glinak et al., 2020), and a
large, population-matched study found stress-related disorders
were associated with a HR of 1.36 for Alzheimer’s disease (AD)

and 1.80 for vascular neurodegenerative disease (Song et al.,
2020). A different meta-analysis, however, did not find a rela-
tionship between PTSD and dementia (Kuring et al., 2020).
Studies within young and middle-aged Veterans from the Iraq/
Afghanistan wars have shown mixed results in whether Veterans
with PTSD show poorer neuropsychological performance com-
pared to those without PTSD (Merritt et al., 2019). However,
recent work using data from the Department of Defense-
Alzheimer’s Disease Neuroimaging Initiative (DoD-ADNI) as well
as studies on older, Vietnam-Era Veterans with PTSD more con-
sistently identify poorer cognitive performances in those with
PTSD relative to older Veterans without PTSD (Prieto et al., 2022;
Schuitevoerder et al,, 2013; Vasterling et al., 2002; Weiner et al.,
2023). Notably, despite demonstrating lower scores on

distractibility, and is considered a core feature of PTSD
(American Psychiatric Association, 2013; Mattson et al., 2019).
In recent years, subjective cognitive decline (SCD) has gar-
nered significant attention as being associated with elevated
amyloid and tau AD pathology (Amariglio et al., 2012; Buckley
etal,, 2017,2019) and as a method for identifying those at risk
for progressing to AD dementia (Chapman et al., 2023; Jessen
etal, 2014). SCD is defined as self-experienced decline in cog-
nition relative to previous cognitive functioning that is not
due to an acute event, psychiatric difficulties, medical disorder,
or substance use (Jessen et al., 2014). Within Veterans, how-
ever, SCD may have differential utility as a prognostic tool
given the greater proportions of Veterans with psychiatric
disorders such as PTSD that potentially contribute to SCD

CONTACT Kelsey R. Thomas () kthomas@health.ucsd.edu

“Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu). As such, the
investigators within the ADNI contributed to the design and implementation of ADNI and/or provided data but did not participate in analysis or writing of this report.
A complete listing of ADNI investigators can be found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf

This work was authored as part of the Contributor’s official duties as an Employee of the United States Government and is therefore a work of the United States Government. In accordance
with 17 U.S.C. 105, no copyright protection is available for such works under U.S. Law.


mailto:kthomas@health.ucsd.edu
http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf
https://doi.org/10.1080/13607863.2024.2389547
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/13607863.2024.2389547&domain=pdf&date_stamp=2024-8-8

2 (@) B.LUUETAL

independent of an AD process (Kessler et al., 2005; Kulka et al.,
1990). Research examining associations between subjective
and objective cognition in Veterans with and without PTSD is
quite limited, particularly in older, Vietnam-Era Veterans.
Within Irag/Afghanistan-era Veterans, one study showed that
PTSD mediated the association between subjective and objec-
tive cognition (Mattson et al., 2019) and another study showed
that Veterans with PTSD (PTSD alone or comorbid mild trau-
matic brain injury [mTBI] + PTSD) endorsed more persistent
subjective distress, including related to their ability to work or
pursue an education, despite performing similarly to the mTBI-
only and combat control Veterans on objective measures of
functioning (Merritt et al., 2019).

Although recent findings from DoD-ADNI have shown that
participants with PTSD and/or TBI do not show elevated AD
biomarkers such as amyloid and tau (Weiner et al., 2023), no
studies have examined whether PTSD moderates the associa-
tions of SCD with tau and amyloid levels on positron emission
tomography (PET). The inclusion of tau PET in addition to amy-
loid PET is a particular strength given the strong link between
cognition and tau in prodromal and early stages of AD (Gordon
et al.,, 2019; Ossenkoppele et al.,, 2016; Thomas et al., 2022;
Weigand et al., 2020). Therefore, the primary goal of this study
was to investigate the associations of subjective cognition with
tau and amyloid PET levels as well as global cognitive perfor-
mance and to determine if PTSD moderates these relationships.
We hypothesized that the main effect of SCD would be associ-
ated with tau PET, amyloid PET, and global cognition, and our
primary hypothesis was that the association between SCD and
tau and amyloid PET levels would be weaker in older Veterans
with PTSD relative to those without PTSD due to the
AD-independent effects of PTSD on cognition. We hypothesized
that those with both greater SCD and PTSD would have worse
global cognitive performance.

Methods
Participants

Data used in this current study were obtained from the publicly
available Brain Aging in Vietnam War Veterans/Department of
Defense Alzheimer’s Disease Neuroimaging Initiative (DoD-
ADNI) database (adni.loni.usc.edu). The study is directed by
principal investigator Dr. Michael Weiner of the San Francisco
VA Medical Center and University of California, San Francisco.
The overarching goals of the DoD-ADNI study are to character-
ize the long-term neural and behavioral consequences of TBI
and/or PTSD. The main aims and methods of DoD-ADNI as well
as up-to-date information can be found at www.adni-info.org.
This research was approved by the institutional review boards
of all participating sites within ADNI and written informed con-
sent was obtained for all study participants.

The enrollment process and exclusion criteria for DoD-ADNI
have been described elsewhere (Weiner et al,, 2014, 2023).
Briefly, Vietnam Veterans without dementia who were aged
60-90years older were recruited from 2013 to 2020. DoD-ADNI
recruited for Veterans with PTSD only, with a non-penetrating
TBI history only, with both PTSD and TBI, and control partici-
pants without PTSD or TBI. Individuals were excluded from DoD-
ADNI if they met criteria for dementia, had a history of psychosis
or bipolar disorder or a neurologic condition (e.g. seizure disor-
der, stroke), a history of alcohol or substance abuse/depen-
dence within past 5years, the presence of metal implants or

claustrophobia that would prevent participants from undergo-
ing an MRI, and medical contraindications for lumbar puncture
PET scan, or other procedures as part of the study.

There were 87 Vietham War Veterans included in this study (42
with PTSD, 45 without PTSD) who had both tau and amyloid PET
imaging, subjective and objective cognition data, and psychiatric
symptom data. Included participants also had TBI status, apolipo-
protein E (APOE) genotype, and blood pressure data available.

Measures

Subjective cognitive decline

The Everyday Cognition (ECog) measure is a 39-item question-
naire that was used to determine the degree of subjective cog-
nitive decline (Farias et al., 2008). Participants rated their ability
to perform everyday tasks relative to 10years ago on a scale of
1 (‘better or no change’) through 4 (‘consistently much worse’).
These everyday tasks were divided into cognitive domains asso-
ciated with the task. This included memory, language, visuo-
spatial, planning, organization, and divided attention. The ECog
total scores were based on the mean of all items and the ECog
domain subscales were based on the mean of the items that go
into that specific domain. Higher scores indicated more subjec-
tive cognitive and functional difficulties.

PTSD classification

Current and lifetime PTSD symptom severity was measured
using the Clinician-Administered PTSD Scale - 4th edition
(CAPS-IV). Consistent with the ADNI-DoD criteria used in prior
studies, classification of current PTSD was defined as a current
CAPS score > 40, whereas individuals with scores <40 did not
meet DoD-ADNI criteria for PTSD (Weiner et al, 2014).
Participants with a lifetime CAPS score >40, but who had a cur-
rent score of <40 were not classified as having current PTSD.

Tau and amyloid PET

PET imaging using flortaucipir (AV-1451) was used to quantify
tau burden. The details of data acquisition and processing of
ADNI flortaucipir PET data are available at adni.loni.usc.edu. We
examined a priori regions of interest (ROI) that correspond to
Braak staging given the expected pattern of tau spread in typ-
ical AD (Braak & Braak, 1991). Braak | included the entorhinal
cortex, Braak Ill/IV was a composite of regions that extending
beyond the medial temporal lobe to the amygdala and other
subcortical regions as well as the cortex of the inferior temporal
lobe and parahippocampal gyrus (i.e. moderately progressed),
and Braak V/IV was a composite of regions that extend beyond
the temporal lobe into the frontal, parietal and occipital cortex
(Landau et al,, 2021). Braak stage Il risks possible unreliable PET
measurement given the susceptibility of the hippocampus to
partial voluming and therefore was not examined in the current
study per extant recommendations (Landau et al, 2021).
Standardized uptake variable (SUV) ratios (SUVRs) were calcu-
lated by dividing the SUV for each ROI by the inferior cerebellar
gray and values underwent partial volume correction using the
geometric transfer method (Baker et al., 2017). On average, the
tau PET scan was acquired within 17 months of the baseline visit
(median = 6 months, range = 0-49).

Florbetapir (AV45) PET was used to measure amyloid burden.
The details of data acquisition and processing of ADNI florbeta-
pir PET data are available at adni.loni.usc.edu. A summary SUVR
was calculated by dividing the mean uptake across 4
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AD-vulnerable cortical regions (frontal, anterior/posterior cin-
gulate, lateral parietal, and lateral temporal cortices) by whole
cerebellar (white and gray matter) uptake. Greater retention of
florbetapir is reflective of a greater cortical A load. On average,
the amyloid PET scan was within 0.55 months of the baseline
visit (median = 0months, range = 0-21).

Global cognition

Six neuropsychological measures in the domains of memory,
attention/executive functioning, and language were used to cre-
ate a global cognition composite score (Rantins et al., 2024).
Memory measures included the immediate and delayed recall
scores from the Rey Auditory Verbal Learning Test and the
Wechsler Memory Scale-Revised Logical Memory; measures of
attention/executive functioning included Trail Making Test, Parts
A and B total time; and measures of language included the total
correct scores from the 30-item Boston Naming Test and Animal
Fluency. The global composite score was created by converting
raw scores to z-scores and taking the mean of all measures; the
attention/executive measures z-scores were multiplied by —1
prior to being included in the global composite score, so higher
scores indicated better performance for all measures.

Additional descriptive measures and covariates

The Clinical Dementia Rating (CDR) Global score at the baseline
visit was used to determine proportion of participants consid-
ered cognitively unimpaired (score of 0) or to have mild cogni-
tive impairment (score of 0.5; Morris, 1993). CDR scores of 1+
(i.e. consistent with dementia) were excluded. The CDR is a
semi-structured interview that assesses difficulties across
domains of Memory, Orientation, Judgment & Problem Solving,
Community Affairs, Home & Hobbies, and Personal Care. TBI
severity was included as a categorical variable and was based
on the Veteran Affairs (VA)/DoD criteria 2021 Clinical Practice
Guidelines (Department of Veterans Affairs & Department of
Defense, 2021). Each TBI was coded, and the severity was based
on the most severe TBI. An injury was classified as mild if the
participant had a loss of consciousness (LOC) of <30min, or
alteration of consciousness (AOC) or post traumatic amnesia
(PTA) of <24 h.The moderate and severe TBI classifications were
combined since the information for PTA of >1 day was not avail-
able.Thus, an injury was classified as moderate-to-severe if the
participants had LOC of >30 min, AOC of >24 h, or PTA of >1 day
(Rantins et al., 2024). The Geriatric Depression Scale (GDS) was
used to measure depressive symptom severity (Sheikh &
Yesavage, 1986). Pulse pressure (systolic minus diastolic blood
pressure) is considered a proxy for arterial stiffening and was
included as a measure of vascular health (Nation et al., 2015).
APOE €4 genotype, based on whether a participant had 0
(non-carrier) or 1-2 (carrier) €4 alleles, was included as a mea-
sure of genetic susceptibility to AD. While each identified race
for this sample is included in Table 1 (Asian, Black/African
American, white, more than one), due to the small number of
Veterans who identified as a race other than white, race had to
be coded as white or non-white for inclusion as a covariate in
the models. Ethnicity was coded as Hispanic or non-Hispanic.

Statistical analyses

Independent samples t-tests and chi-squared tests were used
to examine differences in demographic and clinical character-
istics by PTSD status. General linear models were used to
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examine the association of SCD with PET neuroimaging and
global cognition measures and the impact of PTSD on these
associations. Given the non-normal distribution of tau and AR
PET SUVRS, these variables were log-transformed prior to anal-
yses. First, we examined the association between SCD (ECog)
and tau PET (Braak I, Braak IlI/IV, Braak V/VI), amyloid PET, and
global cognition when adjusting for age, education, depressive
symptoms, pulse pressure, and PTSD status (Model 0). Next,
Model 1 built on Model 0 by adding the SCD x PTSD status
interaction to test whether PTSD status moderated the associ-
ations between SCD and the PET and global cognition measures
while again including covariates of age, education, depressive
symptomes, pulse pressure, PTSD status, and ECog in the model.
Then, Model 2 included the same effects and covariates as
Models 0 and 1 plus the covariates of APOE €4 carrier status,
race, ethnicity, and TBI severity status (none, mild, moder-
ate-to-severe), which were added to determine if the results
remained consistent in a more fully-adjusted model given that
these variables could impact both amyloid and tau pathology,
as well as subjective cognitive decline. Finally, sensitivity models
were evaluated with the time between baseline assessment and
PET scan as an additional covariate as well as when excluding
for participants whose baseline visit was =24 months from their
tau PET scan (all amyloid PET scans were <24 months from their
baseline visit).

Results

Table 1 contains the descriptive demographic and clinical char-
acteristics for the total sample and split by PTSD classification.
On average, participants were approximately 70years old, had
15years of education, were 98% male, 91% white, and 9%
Hispanic/Latinx. Roughly two-thirds of the sample had a Clinical
Dementia Rating of 0 (cognitively unimpaired) and one-third
had a CDR rating of 0.5 (consistent with mild cognitive impair-
ment). Relative to Veterans without PTSD, Veterans with PTSD
were younger (p=0.037), had fewer years of education
(p=0.039), had greater depressive symptoms (p <0.001), more
current and lifetime PTSD symptoms (p<0.001), and more
severe subjective cognitive decline on the ECog (p=0.002).
Veterans without PTSD had greater tau burden for Braak |
(p=0.050) and Braak lll/IV PET (p=0.007) regional SUVRs. There
was no difference in time interval between the initial visit when
ECog was measured and PET scan dates by PTSD status.

General linear models examined the associations between
SCD and AD PET and global cognition variables, as well as
whether these relationships were moderated by PTSD status.
In Model 0 which adjusted for age, education, depressive symp-
toms, pulse pressure, and PTSD status as covariates, there was
a main effect of ECog total score on Braak | (3=0.395, 95% Cl
[0.173,0.616], p<0.001, n,>=0.136), Braak lll/IV (3 =0.306, 95%
Cl [0.085, 0.527], p=0.007, n,> = 0.087), Braak V/VI (=0.289,
95% Cl [0.062, 0.515], p=0.013, n* = 0.074), amyloid PET
(3=0.258, 95% CI [0.023, 0.493], p=0.032, n,* = 0.058), and
global cognition (3 =-0.272,95% CI [-0.492, —0.052], p=0.016,
n,> = 0.070) across the sample.

Next, Model 1 examined the PTSD x ECog interaction when
it was added to Model 0 model (see Table 2). PTSD moderated
the associations between ECog and Braak ll/1V (3 =—0.228, 95%
Cl[-0.453,-0.003], p=0.047,n > = 0.049), Braak V/VI (8 = -0.260,
95% CI[-0.489,-0.031], p=0.027,n,*=0.061), and amyloid PET
(B=-0.262,95% CI [-0.497,-0.027], p=0.029,n,? = 0.061) such



4 (=) B.LUUETAL

Table 1. Characteristics of study sample and by PTSD status.

Total sample (N=87) PTSD (N=42) No PTSD (N=45) p

Age, mean (SD) 69.82 (4.85) 68.71 (2.64) 70.84 (6.10) .037
Education, mean (SD) 15.01 (2.55) 14.43 (2.40) 15.56 (2.60) .039
Male, % 97.7% 2.4% 2.2% 961
Hispanic/Latinx, % 9.4% 14.6% 4.5% AN
Race 999

Asian, % 2.3% 2.4% 2.2%

Black/African American, % 4.6% 4.8% 4.4%

White, % 90.8% 90.5% 91.1%

More than one, % 2.3% 2.4% 2.2%
MMSE, mean (SD) 28.11(1.73) 27.90 (1.39) 28.31(1.99) 276
Global cognitive composite, mean (SD) 0.01 (0.80) -0.12(0.62) 0.13(0.93) 150
CDR global, 0/0.5, % 66.7%/33.3% 57.5%/42.5% 75.0%/25.0% .089
GDS, mean (SD) 2.94(3.19) 4,67 (3.43) 1.33(1.83) <.001
Current CAPS, mean (SD) 31.46 (26.79) 56.71(11.56) 7.89 (10.06) <.001
Lifetime CAPS, mean (SD) 45.22 (33.82) 72.93 (19.66) 19.36 (21.42) <.001
TBI History 398

None, % 39.5% 42.9% 36.4%

Mild, % 34.9% 38.1% 31.8%

Moderate-to-severe, % 25.6% 19.0% 31.8%
APOE €4 carrier, % 25.8% 25.0% 28.6% 715
Pulse pressure, mean (SD) 60.09 (14.21) 62.83 (13.68) 57.53(14.37) .082
ECog total, mean (SD) 1.67 (0.55) 1.89 (0.59) 1.52(0.46) .002
Tau Braak | PET SUVR, mean (SD) 1.45(0.31) 1.38(0.25) 1.51(0.35) .050
Tau Braak l1l/1V PET SUVR, mean (SD) 1.35(0.14) 1.31(0.11) 1.39(0.15) .007
Tau Braak V/VI PET SUVR, mean (SD) 1.43 (0.14) 1.41(0.12) 1.45(0.17) .196
Amyloid PET SUVR, mean (SD) 1.08 (0.15) 1.05(0.12) 1.11(0.17) .093
Amyloid PET positive, % 23.8% 16.7% 31.1% .091

MMSE = Mini Mental State Exam; CDR = Clinical Dementia Rating; GDS = Geriatric Depression Scale; CAPS = Clinician Administered
PTSD scale; TBI=traumatic brain injury; APOE =apolipoprotein E; ECog = Everyday Cognition scale.

that Veterans without PTSD had a stronger positive relationship
between ECog and AD biomarker levels compared to those with
PTSD. Specifically, relative to Veterans with PTSD, more severe
SCD was associated with greater tau and amyloid in Veterans
without PTSD. This moderation was not statistically significant
for Braak | PET (3 =—0.170, 95% CI [-0.398, 0.058], p=0.143, r]p2
= 0.027) or global cognition (3=0.119, 95% CI [-0.109, 0.347],
p=0.301,n,2=0.014).

Model 2 then examined the same model as Model 1, but also
included the additional covariates of APOE €4 carrier status,
race, ethnicity, and TBI status. These models were conducted to
determine whether results remained consistent when adjusting
for additional factors known to impact AD biomarkers and/or
SCD. In these fully-adjusted models before the interaction was
included, there was a main effect of ECog on Braak | (3=0.377,
95% C1[0.140,0.613], p=0.002, n,2=0.131), Braak lll/IV (3=0.308,
95% C1[0.079,0.537], p=0.009, r]p2 =0.097), Braak V/VI (3=0.275,
95% C1[0.039, 0.510], p=0.023, npz = 0.075), and global cogni-
tion (B =—0.226, 95% Cl[-0.438,-0.015], p=0.037,n,> = 0.064),
but ECog was no longer significantly associated with amyloid
PET (3=0.245, 95% Cl [-0.005, 0.496], p=0.055, r]p2 = 0.057).
When the PTSD x ECog interaction was added, PTSD moderated
the associations between ECog and Braak lll/1V (3 = —0.274,95%
Cl[-0.518, —0.029], p=0.029, n,2 = 0.070) and Braak V/VI (B =
—0.283,95% CI[-0.534,-0.031], p=0.028, r]p2 =0.071) such that
Veterans without PTSD had a stronger positive relationship
between ECog and tau burden than those with PTSD (Figure 1).
This moderation was not statistically significant for Braak | PET
(B =-0.143, 95% Cl [-0.403, 0.117], p=0.275, np2 =0.018) or
global cognition (3=0.060, 95% CI [-0.174, 0.294], p=0.609, n >
= 0.004) and was no longer significant for amyloid PET in this
model (3 =-0.202,95% CI[-0.476,0.072], p=0.145, r]p2 =0.033).
The tau and amyloid PET models were re-evaluated with the
time between baseline assessment and PET scan as a covariate
and the pattern of results did not change.

Since 37 participants had their tau PET scan =24 months from
their baseline evaluation (all amyloid PET scans were within

<24months), we also ran sensitivity tau PET analyses that
included only the participants with tau PET within 24 months
of their baseline visit (n=50). Briefly, for Model 1, PTSD moder-
ated the associations between ECog and Braak | ( = -0.367,
95% Cl[-0.645, -0.089], p=0.011, n,> = 0.145), Braak lll/IV (B =
-0.410, 95% Cl [-0.721, —0.099], p=0.011, npz = 0.145), and
Braak V/VI (B = -0.352,95% CI [-0.689, —0.015], p=0.041,n,> =
0.096) such that Veterans without PTSD had a stronger positive
relationship between ECog and tau PET levels compared to
those with PTSD. For the fully-adjusted Model 2, PTSD still mod-
erated the associations between ECog and Braak | (3 =-0.374,
95% Cl [-0.673, —0.076], p=0.016, n,> = 0.179) and Braak lll/IV
(B=-0.395,95% CI [-0.729,-0.061], p=0.022, n ;> = 0.163), but
was no longer statistically significant for Braak V/VI (3 =-0.323,
95% Cl[-0.701, 0.055], p=0.091, n,> = 0.092).

Discussion

The present study sought to investigate the moderating effect
of PTSD on the association between SCD and AD biomarkers
measured using PET imaging as well as global cognition in older
Vietnam-Era Veterans. Our study showed a significant associa-
tion between SCD and tau PET levels across multiple brain
regions, including Braak stages |, lll/IV and V/VI. This suggests
that greater subjective cognitive concerns are associated with
higher tau burden in these regions, which represent both very
early tau tangle accumulation as well as tau that has progressed
well outside of the medial temporal lobe. Further, in the mini-
mally adjusted model, SCD was also associated with amyloid
PET levels, though this main effect of ECog was no longer sig-
nificant in the fully adjusted model. The main effect of ECog was
also significantly associated with global cognition measured
using neuropsychological measures. These findings are in line
with the growing recognition of SCD as a potential early marker
of AD-related cognitive decline, particularly as it relates to tau
burden (Jessen et al., 2014; Papp et al., 2020). While our results
show that SCD is associated with greater tau, global cognition,
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Figure 1. PTSD as the moderator between subjective cognitive decline (ECog) and tau PET levels. Predicted values of the fully-adjusted Braak Ill/IV (left) and V/VI

(right) models.

and, to some extent, amyloid levels in older Veterans, several of
these associations were moderated by PTSD status, such that
there was a stronger positive association between SCD and tau
in Veterans without PTSD relative to Veterans with PTSD. We
also found a similar moderating effect of PTSD in the association
between SCD and amyloid PET in the minimally adjusted model,
potentially due to the frequently co-occurring nature of these
two AD pathologies, especially at higher Braak stages
(Pontecorvo et al., 2017). PTSD did not moderate the association
between SCD and global cognition.

This study focused on tau PET stages given evidence that
cognitive changes tend to be more strongly linked to tau accu-
mulation than amyloid accumulation in prodromal and early
stages of AD (Aschenbrenner et al., 2018; Weigand et al., 2021).
Our primary hypothesis that PTSD moderates the association
between SCD and tau PET levels was largely supported by our
results. Specifically, Veterans with PTSD exhibited a weaker rela-
tionship between SCD and tau PET in Braak stages lll/IV and V/
VI (and in Braak | sensitivity analyses) compared to those with-
out PTSD. This moderating effect remained significant even after
adjusting for covariates such as APOE €4 carrier status, race,
ethnicity, and TBI severity. These findings suggest that the pres-
ence of PTSD may alter the relationship between SCD and
AD-related tau pathology. Our study did not find a significant
moderating effect of PTSD on the association between SCD and
tau PET in Braak stage | when all participants were included;
however, there was a significant moderating effect of PTSD for
Braak I in the sensitivity analyses that excluded participants in
which their baseline visit and tau PET scan were =24 months
apart. Despite the smaller sample size in the sensitivity analysis
(n=50), it is possible that there was less error due to the shorter
time interval between the baseline assessment (for ECog and
PTSD variables) and the tau PET scan. This finding suggests that
PTSD may moderate the association between SCD and very
early tau accumulation.

Within DoD-ADNI, there are some inconsistent findings
related to PTSD and tau and amyloid deposition. Prior work
within DoD-ADNI shows that PTSD is not associated with ele-
vated tau deposition or higher rates of amyloid positivity status

(Andrews et al., 2021; Weiner et al., 2023). Within the subset of
participants included in our study and when examining tau
burden using approximate Braak staging, we found that, relative
to Veterans with PTSD, those without PTSD showed higher levels
of tau, especially in Braak llI/1V. This was unexpected given pre-
viously null findings reported by Weiner et al. (2023), but the
different way of examining regional tau PET in this study (Braak
stages vs. metatemporal region), slightly lower age of Veterans
with PTSD in this sample, and the possibility that older Veterans
with both PTSD and high AD biomarkers were less likely to
enroll/be eligible for DoD-ADNI may account for some of the
differences. Our study also focused on examining differences
in Veterans with and without PTSD only, whereas prior work
used a 4-group design of controls, PTSD only, TBI only, and
PTSD +TBI, making the group sizes quite small. It is possible that
the participants without PTSD and with the highest tau values
are driving the stronger associations of SCD and tau observed
in this study; however, PTSD status was included in the model
to adjust for differences by PTSD status. Notably, our study did
not focus on the tau comparisons in Veterans with and without
PTSD, but rather, whether the associations of subjective cogni-
tion with tau and amyloid deposition were impacted by PTSD
status, which to our knowledge, has not yet been investigated.

The moderating impact of PTSD in this study highlights the
importance of considering additional factors that may be
contributing to the weaker associations in Veterans with PTSD.
Factors such as specific PTSD symptoms like hyperarousal/
concentration difficulties, sleep quality, substance use, meta-
bolic and vascular risk, inflammation, and, potentially cognitive
reserve may be more prominent contributors to SCD in older
Veterans with PTSD relative to AD pathology (Andrews et al.,
2021; Beristianos et al., 2016; Elias et al., 2021; Green et al., 2016;
Lohr et al,, 2015; Samuelson et al., 2006). While it may appear
as though Veterans with PTSD are less accurate in their self-
evaluation of cognition (i.e. ‘over-reporting’) based on the PET
results, it is important to consider these other factors as poten-
tially driving the SCD reported in those with PTSD. Specifically,
itis possible that these non-AD factors that are often associated
with or are co-occurring in older Veterans with PTSD are directly



impacting cognitive performance, which could explain why we
did not find a moderating effect of PTSD status on the associa-
tion between SCD and global cognitive performance. In the
current study, there was a pattern such that Veterans with PTSD
had higher pulse pressure, a marker of vascular risk thought to
be a proxy for arterial stiffening (Nation et al., 2015). While pulse
pressure was included as a covariate in the models, future work
should investigate whether there is a stronger association
between cognition and cerebrovascular disease in older
Veterans with PTSD than in those without PTSD. This possibility
would be consistent with prior work demonstrating diffusion
tensor imaging (DTI) associations with cognition in PTSD and
moderate-to-severe TBI groups within DoD-ADNI (Mohamed
et al., 2021) as well as myelin changes in Veterans with PTSD,
but not mild TBI (Jak et al., 2020).

While this is one of the largest samples of Veterans with tau
PET imaging, we did not split the sample into four combinations
of PTSD/TBI groups due to the small cell sizes. It is worth exam-
ining the combined impact of PTSD and TBI in moderating the
associations of subjective and objective cognition with AD and
other neurodegeneration biomarkers in the future. Another key
next step is to examine PTSD as a moderator of the association
between objective cognition (including specific cognitive
domains) and AD biomarkers This study is also limited by the
cross-sectional design and significant underrepresentation of
women Veterans, in addition to limited diversity of race/ethnic-
ity and high mean educational attainment in this sample
(~15years). Given the known sex-differences in AD risk and role
of sex on associations between tau and cognition (Banks et al.,
2021), future work needs to examine these associations within
women. Regarding the PET scans, given this is a multisite study
spanning many years, despite standardized protocols, slight
differences in scanners may have introduced some degree of
error. Further, while tau PET generally performs well in staging
AD using Braak stages regions of interest, the use of Braak
regions assumes that tau is distributed in a typical temporal-spa-
tial pattern, so it may be limited in its utility for participants that
may have atypical tau distribution (Macedo et al., 2023).

The current study highlights the importance of a nuanced
workup for older Veterans with PTSD and/or who have subjec-
tive cognitive concerns. While older Veterans with PTSD may be
less likely to have their subjective cognitive concern be due to
AD pathology, some Veterans will have both AD pathology and
PTSD and/or other health factors and neuropathology that are
contributing to their report of SCD. Therefore, these cognitive
concerns that may bring Veterans into the clinic should be prop-
erly worked up and given full consideration, as well as a thor-
ough evaluation of non-pathologic factors that may be
contributing to these legitimate subjective cognitive difficulties.
Given the potential impact that PTSD and the distress of feeling
like one’s cognition is not as good as it was previously can have
on someone’s quality of life (Hill et al., 2017; Roehr et al,, 2017;
Zatzick et al., 1997), it is critical for Veterans to have access to
comprehensive assessments that integrate mental health, neu-
ropsychological, and biomarker information so that the con-
tributing features of cognitive and functional difficulties may
be better understood, and a personalized and targeted inter-
vention plan may be implemented as early as possible.
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