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INTRODUCTION: Coping strategies are potentially modifiable factors that may con-
tribute to cognitive resilience. We examined whether adaptive coping modifies the
association between Alzheimer’s disease (AD) pathology and cognitive decline.
METHODS: We included 99 cognitively unimpaired older adults (mean age =75.2,59%
females) from two observational cohorts who completed coping strategy assessments.
Participants underwent yearly longitudinal cognitive assessments (extended PACC)
over 5.3 years on average and cross-sectional AB (PiB-PET) and tau (F'-Flortaucipir)
neuroimaging. We used linear mixed-effects models.

RESULTS: More frequent use of adaptive coping was associated with better cognitive
trajectories, independent of AD pathology. Further, three-way interactions between
tau, adaptive coping, and time indicated that individuals with elevated tau and less
adaptive coping showed accelerated cognitive decline, while those with more adaptive
coping maintained cognitive function.

DISCUSSION: Adaptive coping strategies may confer resilience against cognitive
decline. Interventions targeting coping skills could represent promising approaches for
maintaining cognition in individuals at risk for AD.
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Highlights

» Adaptive coping associates with better cognition independent of Alzheimer’s
disease (AD) pathology.

» Adaptive coping buffers tau-related effects on cognitive trajectories.

» Coping strategies may be modifiable targets for cognitive decline.
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1 | INTRODUCTION

The pathological hallmarks of Alzheimer’s disease (AD)—extracellular
amyloid-beta (AB) plaques and intracellular neurofibrillary tangles—
begin accumulating years to decades before clinical symptoms
appear.1~3 However, a growing body of research shows considerable
heterogeneity in the relationship between neuropathological burden
and cognitive manifestations, with some individuals maintaining
cognitive function despite significant pathology.*¢ This observed
variability in cognitive trajectories among individuals with comparable
neuropathology has led to increasing research interest in potential
resilience and vulnerability factors that may moderate the relationship
between AD pathology and cognitive decline.

Recently, there has been a growing focus on psychological contribu-
tors to resilience beyond traditional factors like occupational complex-
ity, intellectual engagement, and education, which have been widely
studied.” Recent evidence has established important links between
psychological factors, such as higher stress-coping abilities with lower
AD pathology,® and higher repetitive negative thinking with greater
AD pathology and cognitive decline.” Despite these advances, only
a few studies have directly investigated whether psychological fac-
tors moderate the relationship between AD biomarkers and cognitive
decline. The limited existing research suggests that personality traits
modulate the impact of AD pathology on cognitive performance,© and
that higher levels of purpose in life reduce the effect of AD patho-
logic changes on cognitive decline among individuals across the AD
continuum.*® Further, studies have shown that social engagement,
which involves psychological components such as emotional support
and interpersonal coping resources, can buffer the effects of AS on
cognitive decline among cognitively unimpaired individuals.'?

Coping styles, referring to the cognitive and behavioral strategies
individuals use to manage (i.e., reduce, minimize, master, or tolerate)
the internal and external demands that are appraised as taxing or
exceeding the individual’s resources,'® are understudied as potential
resilience factors in AD. Positive coping styles, including problem-
solving, positive reappraisal, seeking social support, and acceptance,
have been associated with better psychological outcomes in the
general population in various contexts,* including the coronavirus dis-
ease 2019 (COVID-19) pandemic.'5-17 Additionally, among cognitively
unimpaired non-Hispanic Black individuals, problem-focused coping
has been associated with better levels of cognition.'® In contrast, neg-
ative coping styles, such as avoidance, have been linked with worse
psychological outcomes in the general population’® and with cognitive
decline among individuals along the AD continuum.'? To our knowl-
edge, the potential of adaptive coping styles as cognitive resilience
factors in attenuating the relationship between AD pathology and clin-
ical manifestations has not been studied. As coping styles have been
shown to be amenable through cognitive behavioral therapy,?° they
may represent a viable modifiable factor for preventing or delaying
cognitive decline.

The recent COVID-19 pandemic, characterized as a traumatic
event,2! provides a unique opportunity to examine these relationships

in response to a common stressor that increased psychiatric symp-

RESEARCH IN CONTEXT

1. Systematic review: We reviewed literature using
PubMed to identify studies examining psychological
resilience factors in Alzheimer's disease (AD). While
traditional resilience factors (i.e., education, occupational
complexity) have been extensively studied, research on
modifiable psychological factors like coping strategies
as buffers against AD pathology-cognition relationships
remains limited.

2. Interpretation: Our findings provide first evidence
that adaptive coping strategies may serve as cognitive
resilience factors in preclinical AD. Clustering and factor
analyses converged to identify a unidimensional adaptive
coping capacity, with problem-focused and positive
emotion-focused strategies as core components. Indi-
viduals using adaptive coping more frequently showed
better cognitive trajectories over an average of 5.3 years
and lower vulnerability to tau-related cognitive decline.

3. Future directions: Future research may benefit from
investigating the (1) neurobiological mechanisms under-
lying coping-mediated resilience; (2) effectiveness of
targeted coping interventions in preventing cognitive
decline; and (3) generalizability across diverse popula-

tions and stressor contexts.

toms globally.22 Therefore, using previously collected AD biomarker
data and longitudinal cognitive assessments past the pandemic, the
present study aims to investigate whether coping styles employed dur-
ing the pandemic moderate the association between AD pathology and
cognitive decline. We hypothesize that individuals who employ more
adaptive strategies will demonstrate better cognitive trajectories inde-
pendent of pathology and show better cognitive trajectories relative to

their level of pathological burden.

2 | METHODS

2.1 | Participants, design, and setting

Participants of the current study are comprised of participants in
longitudinal observational studies in the Harvard Aging Brain Study
(HABS; PO1 AG036694, PI: Sperling and Johnson) and instrumental
activities in daily living Study (IADL; RO1 AG053184, PI: Marshall) at
Massachusetts General Hospital (Boston, Massachusetts, USA). The
participants in HABS were all cognitively unimpaired at recruitment
and have been evaluated longitudinally with multi-modal neuroimaging
and extensive clinical evaluations. The IADL Study is a natural history,
non-interventional study of older adults who were either cognitively

unimpaired or had a diagnosis of amnestic mild cognitive impairment
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(MCI) at the time of enrollment. Detailed exclusion and inclusion crite-
ria for both cohorts have been described elsewhere.?? During the pan-
demic, a study invitation for two sub-study questionnaires measuring
COVID-19 related experiences, including perceived stress, coping
strategies, lifestyle changes, and other pandemic-related factors, was
sent to actively enrolled participants in HABS and IADL, who had a
listed email address and had not previously opted out of considera-
tion for sub-studies.?* The study was reviewed and approved by the
Mass General Brigham Institutional Review Board (IRB), and partic-
ipants provided informed consent both at recruitment to HABS and
IADL and at enrollment to the sub-study.

Briefly, participants were invited to participate via email, which
included information on the context of the study and a link to access
the online consent form and the survey via Research Electronic Data
Capture (REDCap), which is a secure web-based software platform for
research studies both offline and online.2> Survey completion was vol-
untary, and participants were instructed that they could skip questions
or stop at any time. The first questionnaire was completed by partic-
ipants between May 7 and May 26, 2020, about 2 months after the
onset of the COVID-19 pandemic in the United States, and the second
one between March 23 and May 13, 2021. During the first assess-
ment period (May 2020), Boston was under significant COVID-19
restrictions, including a stay-at-home advisory that had been extended
until May 18th and closure of non-essential businesses. By the second
assessment period (March-May 2021), restrictions had eased con-
siderably, though many remained in place until the state fully lifted
COVID-19 restrictions on May 29, 2021.26

The present study used data from both waves of the questionnaire
sent to IADL and HABS participants. To maximize the sample size, par-
ticipants responding to either wave of the questionnaire were included.
For participants who responded to both, values reported across each
variable measured at both time points were averaged. To be eligible
in the current study participants had to have data available for AD
biomarkers and be cognitively unimpaired at baseline (i.e., at the clos-
est available cognitive assessment before the pandemic started), with a
Clinical Dementia Rating scale (CDR) global score = 0. Altogether, 203
unique participants responded to either the first, second or both waves
of the questionnaire. Of these, 139 participants had available Ag and
tau positron emission tomography (PET) data. Participants with MCI
or dementia were excluded to isolate the potential buffering effects
of adaptive coping strategies on early cognitive decline trajectories
among cognitively unimpaired individuals, before the onset of clinically
significant cognitive symptoms. After exclusion of participants with a
CDR global > 0 and a clinical diagnosis of MCI or dementia (at the
time of closest pre-pandemic cognitive assessment), the final sample
included in the study was 99 participants (SFigure 1).

Longitudinal cognition data were drawn starting from 2.5 years
before participants’ COVID-19 questionnaire completion. The date of
the first cognitive test included was used as the baseline. Similarly,
cross-sectional tau PET and AS measurements were obtained within a
timeframe of 2.5-0 years before participants’ recorded COVID ques-
tionnaire date. This study followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting guide-
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line and was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later amendments.

2.2 | Cognition

Participants underwent repeated yearly measurements of cognition
(5.3 [SD = 1.4] assessments on average, across a mean of 5.3 [SD = 1.4]
years) measured with the extended Preclinical Alzheimer Cognitive
Composite-5 (PACC5),2” which is asummary measure representing the
mean of z-scores from performances on five tests sensitive in captur-
ing subtle cognitive decline in preclinical AD.2” The five tests included:
Mini-Mental State Examination (MMSE; range 0-30), Wechsler Mem-
ory Scale-Revised (WMS-R) Logical Memory Delayed Recall (LMDR;
0-25), the Digit-Symbol Coding Test (DSC; 0-93), the Free and Cued
Selective Reminding Test-Free 1 Total Recall (FCSRT96; 0-96), and
category fluency (CAT). A higher value of PACC-5 indicates better cog-
nitive performance. We included the continuous z-scores of PACC-5 as

the outcome in all models.

2.3 | Coping

Coping strategies were measured with the Brief COPE inventory,28
which assesses 14 different coping strategies (active coping, planning,
positive reframing, humor, emotional support, instrumental support,
acceptance, religion, self-distraction, denial, substance use, behavioral
disengagement, venting, and self-blame). Each strategy is represented
by two questions, totaling 28 items. Participants responded using a 4-
point Likert scale indicating how often strategies were used, ranging
from O “never,” to 4 “very often.” Some participants completed only the
first COVID questionnaire, some only the second, and some both (SFig-
ure 1). If participants had data from both waves, the values for each
item were averaged across timepoints, and if data were available from
only one wave, that single score was used. For each strategy, the scores
of the two corresponding items were averaged, with higher scores
representing more frequent use of a strategy. Coping strategies that
showed poor reliability (ICCk2 < 0.50, indicating that more than 50% of
the variance in measurements is attributable to inconsistency between
items) were excluded from further analyses to ensure measurement
quality. The excluded coping styles were self-distraction, denial, vent-
ing, and behavioral disengagement. The remaining 10 coping strategies
showed moderate to excellent reliability (ICCk2: 0.62—-0.90) and were

retained for subsequent analyses.

2.4 | Covariates and demographics

Covariates included time-constant variables, including age at baseline,
sex (as a binary covariate: female/male), years of education (continu-
ous), time in years between PET imaging and first cognitive assessment
(continuous), and perceived stress. Perceived stress was measured

cross-sectionally at the time of administering the coping questionnaire
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using the Perceived Stress Scale (PSS-10),2? with a single measurement
used for each participant. The PSS-10 is a self-reported scale mea-
suring the degree to which a situation is appraised as stressful by an
individual. Scores ranging from O to 13 reflect low stress; 14-26 mod-
erate stress; and 27-40 high perceived stress. Perceived stress was
included as a continuous covariate in all models to account for potential
confounding effects on the association between coping and cognition

over time.

25 | ABPET

Fibrillar AB burden was measured cross-sectionally with a single
measurement used per participant using Pittsburgh Compound B
positron emission tomography (PiB-PET) according to established
protocols at the Massachusetts General Hospital PET facility, as pre-
viously described.3%:31 Briefly, data were acquired using a Siemens/CTI
(Knoxville, TN) ECAT HR+ scanner (3D mode; 63 image planes; 15.2 cm
axial field of view; 5.6 mm transaxial resolution and 2.4 mm slice inter-
val; 69 frames: 12 x 15 s, 57 x 60 s). After a transmission scan, 8.5 to
15mCi 11C-PiB was injected as a bolus and followed immediately by
a 60-min dynamic acquisition. Amyloid PiB distribution volume ratio
(DVR) was calculated according to previously established methods that
aggregate cortical areas at risk for A burden, across the frontal, lat-
eral temporal, and lateral and medial parietal lobes.32 We included the
aggregate PiB DVR as a continuous measure in all analyses and data
across the full range of values were analyzed to capture the spectrum
of AB burden in this sample.

2.6 | Tau PET

Similarly, tau PET was assessed cross-sectionally with a single mea-
surement used per participant. F18-Flortaucipir (FTP) PET tracer
was synthesized and administered at Massachusetts General Hospi-
tal using a Siemens ECAT EXACT HR+ scanner (3D mode; 63 image
planes; 15.2 c¢cm axial field of view; 5.6 mm transaxial resolution
and 2.4 mm slice interval; 69 frames: 12x15 s, 57x60 s) according
to the Massachusetts General Hospital Radioactive Drug Research
Committee-approved protocols.33 Following a 10 mCi injection, 18F-
FTP data were acquired with a 3D list mode, dynamic protocol using
the above PET camera. Static 80 to 100-min acquisition was used.
PET data were reconstructed and attenuation corrected, and each
frame was evaluated to verify adequate count statistics and absence of
head motion. Cerebellar gray matter was used as the reference region
from the Freesurfer atlas as previously described.?* FTP-PET mea-
sures were computed (using FreeSurfer) as standardized uptake value
ratios (SUVRs) in two anatomic regions commonly exhibiting early tau
pathology among cognitively unimpaired individuals: entorhinal cor-
tex (EC), and inferior temporal (IT) cortex.3> For the present study,
the bilateral SUVRs from these two regions were averaged to repre-
sent early tau accumulation and used as a continuous measurement.
Participants were blind to all PiB and FTP data.

2.7 | Statistical analyses

Characteristics of the whole sample and by clusters were summarized
as means and standard deviations (SDs) for continuous variables and
as frequencies and percentages for categorical variables. All p values
were two-sided with statistical significance set at < 0.05. All analyses
were pre-specified and performed with R 4.4.2 (https://www.R-project.
org/).

2.8 | Clustering and factor analyses

We used two complementary data reduction methods to examine
coping patterns from different perspectives and to increase the robust-
ness of our findings through methodological cross-validation. These
included non-hierarchical k-means clustering, which aggregates partic-
ipants into coping profiles, and factor analysis, which aggregates coping
variables into underlying dimensions. By using both approaches, one
grouping participants and the other grouping variables, we were able
to test the stability and robustness of our findings across different
analytic methods.

We conducted k-means clustering on the 10 coping strategies
with acceptable reliability (ICC > 0.50). All coping variables were
standardized to z-scores before analysis. The optimal number of
clusters was determined using three complementary methods: The
Elbow Method by plotting the total within-cluster sum of squares
against a range of potential cluster solutions (k = 1-15); Silhouette
Analysis by calculating average silhouette widths for cluster solu-
tions to assess cluster cohesion and separation®%37; and consensus
indices from the NbClust package.?® Between-cluster demographic
and clinical differences were assessed using Independent t-tests,
Mann-Whitney U-tests, chi-squared tests, or Fisher’s exact tests, when
appropriate.

As a complementary method, we conducted a factor analysis using
principal axis factoring as the extraction method, as it does not assume
multivariate normality and is appropriate for identifying latent con-
structs in psychological data. Prior to analysis, we examined the
distributional properties of all ten coping variables. Substance use
(67% zero scores) and self-blame (43% zero scores) were excluded
despite meeting reliability thresholds due to substantial floor effects
and low variability, which could distort factor loadings. The remaining
eight coping variables (acceptance, instrumental support, humor, emo-
tional support, positive reframing, active coping, planning, and religion)
were included. To determine the optimal number of factors, we exam-
ined multiple criteria, including eigenvalues, scree plot inspection, and
parallel analysis.

The concordance between the clustering and factor analysis
approaches was assessed using a point-biserial correlation between
binary-coded cluster membership (high = 1, low = 0) and continuous
factor scores. For interpretability, we also calculated Cohen’s d as the
standardized mean difference in factor scores between the two clus-
ters, as well as r2 and 52 to estimate the proportion of variance in factor

scores explained by cluster membership.
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2.9 | Longitudinal analyses on cognition

Linear mixed random- and fixed-effects models were used to exam-
ine the relationship between cognition and coping variables (cluster
membership and factor scores) across time, employing a backward
elimination algorithm (p < 0.05 cutoff) on an initial pool of fixed predic-
tors and the variances of random terms. During backward elimination,
non-significant terms were retained if higher-order terms subsuming
them (e.g., quadratics, interactions) remained in the model, to maintain
proper hierarchical model structure.

Our analysis plan employed two approaches, with a backward elim-
ination algorithm applied separately within each approach. The first
approach tested whether coping styles (cluster membership and factor
variable) interacted with time in their relations to cognitive trajectories
independent of AD pathology. The second approach included the AD
pathology predictors (AB and tau) and tested higher-order interactions
involving them to assess whether the combined effects of AD pathol-
ogy, time, and coping strategies contribute additively or synergistically
to cognitive trajectories.

Fixed terms in the models included time, that is, years in the study
(linear and quadratic components), coping variables (time-invariant),
AB and tau (time-invariant), as well as pertinent two- and three-way
interactions among the time, coping and AD pathology predictors
(second approach). Covariates were: age at baseline, sex, years of edu-
cation, perceived stress, number of cognitive assessments (to adjust
for potential practice effects), as well as time between biomarker
and cognitive assessments, all of which were time-invariant. Random
terms included intercepts and the linear time term per participant,
allowing for correlation between them, thus accounting for individual
differences in both baseline cognition levels and rates of change over
time. While all main effects were retained in the models, higher-order
interaction terms were subject to backward elimination.

3 | RESULTS

The final sample consisted of 99 participants, of whom 58 (59%) were
women, with a mean age of 75.2 years (SD = 7.6, range: 51.0-89.5).
Participants had a mean education of 16.8 years (SD = 2.6, range: 12-
20),and 19 (19.2%) were APOE ¢4 carriers. The mean PACC-5 score at
baseline was 0.31 (SD = 0.8, range: —2.10 to 1.95). The mean PiB DVR
was 1.2 (SD=0.2,range: 1.0-1.9) and meantau SUVRwas 1.4 (SD=0.3,
range: 1.0-2.4). The mean score of perceived stress was 14.1 (SD = 8.0,
range: 0-37), indicative of low-moderate stress levels in the sample.
The mean time between the first cognitive assessment and AS and
tau imaging was 0.63 (SD = 0.57) years, ranging from 2.07 years before
to 0.88 years after the first cognitive assessment, with three par-
ticipants exceeding a 1.5-year lag. The mean time between the first
cognitive assessment and COVID questionnaire completion was 0.9
years (SD = 2.05), with cognitive assessments ranging from 2.4 years
before to 4.4 years after the COVID questionnaire completion. Par-
ticipants underwent a mean of 5.3 (SD = 1.4) cognitive assessments,
ranging from one to eight assessments per participant, resulting in a

total of 521 observations. The cognitive assessments spanned a mean
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total time of 5.3 (SD = 1.4) years, ranging from O to 7 years across
participants (SFigure 2).

3.1 | Clustering analysis and selection
Multiple methods converged to indicate that a two-cluster solution
best represented the structure of coping strategies in our sample. The
Elbow Method showed a marked decrease in within-cluster sum of
squares from k = 1 to k = 2, with smaller decreases thereafter. Sil-
houette analysis yielded the highest coefficient (0.20) for k = 2, with
near-zero values for higher k. The NbClust package indicated k = 2 as
optimal in the majority of indices. Based on this convergence, we per-
formed k-means clustering with k = 2 on standardized coping variables,
using 25 random starts (nstart = 25) to avoid local optima.

The resulting clusters were defined as “High Users of Coping Styles”
(n = 46) and “Low Users of Coping Styles ” (n = 53) based on their
distinctive patterns of coping strategy use. The High Coping cluster
demonstrated higher scores across several adaptive coping strategies,
particularly active coping, planning, and positive reframing, while the
Low Coping cluster showed comparatively lower utilization of these
coping styles (Figure 1A). There were no significant differences in
demographic or clinical characteristics between the High and Low

coping clusters (Table 1, Figure 1B).

3.2 | Factor analysis

The factor analysis showed a unidimensional structure underlying
coping strategies in the sample. The scree plot and parallel analysis sup-
ported a one-factor solution (eigenvalue = 3.5, subsequent < 1). Based
on this convergent evidence, we concluded that the coping measures
in our sample were best represented by a single underlying dimension
rather than multiple distinct factors. The one-factor solution precluded
applying any “factor rotation” method subsequent to the initial factor
extraction.

Factor loadings revealed a hierarchical structure of coping strate-
gies, with active coping (0.82) and planning (0.82) showing the
strongest associations with the general factor (Figure 1C). This pattern
suggests a unidimensional structure of adaptive coping in our sample,
with problem-focused and positive emotion-focused strategies being
the most central components. Higher values on estimated factor scores
corresponded to greater use of appropriate coping behaviors.

Despite differences in variable inclusion between clustering and fac-
tor analysis (substance use and self-blame excluded from the latter due
to floor effects), factor scores were strongly correlated with cluster
membership (point biserial r =0.83,95% Cl: 0.76-0.89,p < 0.001). The
High Copers cluster (n =46) had a mean factor score of 0.83 (SD = 0.44,
range: —0.09 to 1.76), while the Low Copers cluster (n = 53) had a mean
factor score of —0.72 (SD = 0.58, range: —2.63 to 0.16), correspond-
ing to a Cohen’s d ~ 3.0, indicating a large effect. Cluster membership
explained approximately 69% of the variance in factor scores. Together,
these results confirm that both clustering and factor analysis captured
the same underlying coping dimension, supporting the robustness of

findings across analytic methods.
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FIGURE 1

Results of clustering and factor analyses. (A) Radar chart showing coping strategy profiles of “High” and “Low” coper clusters. (B)

« »

Heat plot of the cluster comparisons. (C) Structural equation diagram of factor analysis. Factor loadings are indicated in parentheses. The “e” terms

represent error terms with their variance estimates.

3.3 | Longitudinal analyses on cognition:
interaction of coping styles with time

In approach one, examining the association of coping with cognitive
decline independent of pathology using the Low/High coping groups
formed by the cluster method, the quadratic time component and its
interaction with coping were tested but excluded during backward
elimination as they were not significant. The final model retained a

moderate interaction between coping cluster and linear time (partial

regression coefficient 8 = -0.07, 95% CI: —0.13 to —0.01, p = 0.019),
indicating that coping cluster membership moderated cognitive change
over time (Table 2). Specifically, individuals in the Low Coping cluster
showed more pronounced cognitive decline compared to those in the
High Coping cluster (Figure 2).

Similarly, in the final model using the continuous factor coping vari-
able in place of the cluster group distinction, quadratic time terms were
excluded during backward elimination. The model retained a strong

interaction between the coping factor and linear time (3= 0.05, 95% ClI:
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TABLE 1 Demographic, clinical, and psychological characteristics within the whole sample and by clusters.

Characteristic
Sex (female)
Race
White
Black
Asian
APOE &4 status (positive)?
Age
Education
Hollingshead Index
PACC-5 score at baseline

Perceived stress during
COVID-19

PiB

Tau (mean across IT and EC tau)

Active coping
Acceptance

Planning

Positive reframing
Humor

Religion

Emotional support
Substance use
Instrumental support

Self-blame

All (n=99)

Count (%) / Mean (SD: range)

58(58.6%)

93(93.9%)
3(3.0%)
3(3.0%)

19(19.2%)
75.2(7.6;51.0t0 89.5)
16.8(2.6; 12 to 20)
22.7(12.2;11.0t0 57.0)
0.31(0.8; —2.1t0 1.95)
14.1(8.0; 0.0 to 37.0)

1.2(0.2;1.0t0 1.9)
1.4(0.3;1.0t0 2.4)
1.8(0.8;0.0t03.0)
2.3(0.6;0.0to 3.0)
1.6 (0.8;0.0to 3.0)
1.4(0.8;0.0t0 3.0)
1.8(0.7;0.0t0 3.0)
0.9 (1.0;0.0 to 3.0)
1.6(0.8;0.0to 3.0)
0.3(0.6;0.0to 3.0)
1.0(0.6;0.0to 3.0)
0.4(0.5;0.0t0 2.5)

Cluster 1: High users of Cluster 2: Low users of Cluster 1 <
coping strategies (n = 46) coping strategies (n = 53) Cluster 2
Count (%) / Mean (SD: range) Count (%) / Mean (SD: range) p-Value*
28 (60.9%) 30 (56.6%) 0.822
44 (95.7%) 49 (93.5%) =
1(2.2%) 2(3.8%) =
1(2.2%) 2(3.8%) =
13(28.3%) 6(11.3%) 0.067
74.9(7.4;51.0to 88.5) 75.37(7.9; 55.8 t0 89.5) 0.781
17.3(2.2; 120 20) 16.4(2.8; 12to 20) 0.148
20.9(11.5;11.0t0 57.0) 24.2(12.7;11.0t0 57.0) 0.167
0.43(0.7;-1.32t0 1.95) 0.20(0.8; —2.10to 1.35) 0.216
12.6(6.8;0.0t0 26.5) 15.2(8.7;2.0t0 37.0) 0.154
1.2(0.2;1.0t0 2.0) 1.2(0.2;1.0t0 2.0) 0.349
14(0.2;1.0t02.2) 1.4(0.3;1.0to0 2.4) 0.257
2.4(0.5;1.5t03.0) 1.2(0.6;0.0to 2.5) <0.001
2.7(0.4; 1.5t0 3.0) 2.0(0.6;0.0to 3.0) <0.001
2.2(0.6;1.0t0 3.0) 1.1(0.6;0.0to 2.5) <0.001
1.9(0.7;0.5 to 3.0) 0.9 (0.5;0.0to 2.0) <0.001
2.3(0.6;0.5 to 3.0) 1.5(0.6;0.0to 3.0) <0.001
1.2(1.0;0.0to 3.0) 0.6 (0.8;0.0to0 3.0) 0.001
2.0(0.6;0.5t03.0) 1.3(0.7;0.0to0 3.0) <0.001
0.2(0.3;0.0to 1.0) 0.4 (0.8;0.0to0 3.0) 0.318
1.3(0.6;0.0to0 3.0) 0.8 (0.6;0.0t0 3.0) <0.001
0.4 (0.5;0.0to 2.5) 0.4 (0.5;0.0to 2.0) 0.953
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Abbreviations: APOE, apolipoprotein E; COVID-19, coronavirus disease 2019; EC, entorhinal cortex; IT, inferior temporal cortex; PACC-5, Preclinical

Alzheimer’s Cognitive Composite 5; PiB, Pittsburgh Compound B.
2Data available for 98 participants.

*p-Values obtained from independent t-test, Mann-Whitney U-test, chi-squared test, or Mann-Whitney U-test as appropriate for each variable.

0.02-0.08, p < 0.001), demonstrating that higher adaptive coping was
associated with better maintenance of cognitive function over time
(Figure 2).

3.4 | Longitudinal analyses on cognition:
interactions of coping styles with time, amyloid, and
tau

In the second approach, which further included interactions of AD
pathology with time and coping, the final cluster model retained a
three-way interaction between quadratic time, coping cluster, and
tau (B = 0.08, 95% Cl: 0.00-0.15, p = 0.039), suggesting non-linear
cognitive trajectories that differed by coping cluster and tau lev-
els (Table 3). Nonsignificant three-way interactions were observed

between quadratic time, coping cluster, and A3 (8 =0.03,95% CI. —0.05
t00.10,p=0.517).

Similarly, the final factor model using the adaptive coping fac-
tor scores instead of coping clusters, also retained a three-way
interaction between quadratic time, coping factor, and tau
(B = -0.05, 95% Cl: -0.10 to —-0.01, p = 0.016). Similarly, non-
significant three-way interactions were observed between quadratic
time, coping factor, and AB (8 = 0.02, 95% Cl: -0.03 to 0.07,
p=0.395).

In both of the results above, the significant three-way interaction of
tau X coping X quadratic time reflected a lower and more rapidly declin-
ing cognitive trajectory across time for the combination of higher tau
and low scoring on adaptive coping, whereas scoring higher on cop-
ing was associated with less pernicious effects of high tau levels on
cognition over time (Figure 3).
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TABLE 2 Results for predictors retained in final models of separate longitudinal linear mixed-effects models for the coping variables (cluster

and factor) predicting PACC-5 scores over time.

Predictors

Age

Sex (male)

Years of education
COVID-19-related perceived stress
No. of cognition assessments

PiB

Tau

Coping®

Time between pathology assessments and
baseline cognition

Time from baseline

Time from baseline x coping?®

Cluster model Factor model
B 95% ClI p-Value B 95% ClI p-Value
-0.01 -0.02t00.01 0.396 -0.01 -0.02t00.01 0.362
—-0.48 —0.70to —-0.25 <0.001 -0.49 —0.71t0 -0.26 <0.001
0.05 0.01t00.10 0.013 0.06 0.02t00.10 0.006
0.01 —0.00t0 0.03 0.114 0.01 —0.00 to 0.02 0.163
0.10 0.02t00.18 0.018 0.09 0.01t00.17 0.031
-0.32 —-0.90t00.26 0.281 -0.25 —-0.83t00.33 0.388
0.01 —0.48t00.49 0.979 —-0.00 —0.48t00.48 0.998
-0.11 —0.34t00.12 0.360 -0.01 —-0.13t00.12 0.924
0.10 —0.10t0 0.30 0.323 0.12 —0.08t00.32 0.225
0.06 —0.04t00.15 0.233 —-0.05 —0.08 to —0.02 0.004
-0.07 —0.13t0 -0.01 0.019 0.05 0.02t00.08 <0.001

Note: 8 = Partial unstandardized regression coefficient. Cluster model: Marginal R? = 0.21, Conditional R? = 0.91. Factor model: Marginal R? = 0.22,

Conditional R2 =0.91.

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; PACC-5, Preclinical Alzheimer’s Cognitive Composite 5; PiB, Pittsburgh

Compound B.
2High Copers as the reference group in cluster models.
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FIGURE 2 Model predicted cognitive trajectories for participants stratified by coping variables. Values for PACC-5 predicted by the fixed
effects in the longitudinal models that retained only the linear effect of time with 95% confidence intervals (shaded areas). Left panel shows
participants stratified by coping cluster (High Copers [solid line] vs. Low Copers [dashed line]). Right panel shows grouping based on median-split of
the adaptive coping factor score. These visualizations illustrate the significant two-way interactions (Coping x Time) observed in the full
mixed-effects models. (Predicted values are estimated at the following fixed covariate values: PiB DVR = 1.16, age = 75.08 years,

education = 16.73 years, perceived stress = 14.04, number of cognitive assessments = 5.626, time between pathology and baseline

assessment = 0.63 years, and sex = male.). PACC-5, Preclinical Alzheimer’s Cognitive Composite 5; PiB DVR, Pittsburgh Compound B distribution

volume ratio.

4 | DISCUSSION

This study investigated whether adaptive coping strategies employed
during a stressful event, the COVID-19 pandemic, are associated
with better cognitive trajectories over a mean of 5.3 years among
cognitively unimpaired individuals with and without AD pathology.

The findings suggest that (1) more frequent use of adaptive coping
strategies, including planning, active coping, and positive reframing,
is associated with better cognitive trajectories independent of AD
pathology, and (2) these coping behaviors moderate the association
between tau pathology and cognitive decline. These findings suggest
that enhancing adaptive coping strategies represents a potentially
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TABLE 3 Results for predictors retained in final models of separate longitudinal linear mixed-effects models for the coping variables (clusters
and factor) predicting PACC-5 scores in interaction with AD pathology over time.

Cluster model Factor model

Predictors B 95% Cl p-Value B 95% Cl p-Value
Age -0.01 —-0.02t00.01 0.390 -0.01 —0.03t00.00 0.142
Sex (male) —-0.50 —-0.72t0-0.28 <0.001 -0.50 —0.70to -0.29 <0.001
Years of education 0.05 0.01t00.09 0.019 0.06 0.02t00.10 0.004
COVID-19-related perceived stress 0.01 —0.00t0 0.02 0.172 0.01 —-0.01t00.02 0.374
No of cognition assessments 0.09 0.01t00.17 0.034 0.07 -0.01t00.14 0.090
PiB 0.33 —2.82t03.48 0.836 -0.18 —2.84t02.49 0.896
Tau 0.36 -2.31t03.01 0.790 0.14 -2.16t02.44 0.905
Coping® 1.55 —0.08103.18 0.062 -1.48 —2.38t0-0.58 0.001
Time between pathology assessments and 0.09 -0.11t00.29 0.374 0.08 -0.11t00.27 0.389
baseline cognition

Time from baseline 1.20 -0.16t02.57 0.085 1.75 0.39t03.11 0.012
Time from baseline square -0.19 -0.41t00.03 0.084 -0.26 —-0.48t0 -0.03 0.029
Time from baseline x coping 0.87 0.11to 1.62 0.025 -0.39 -0.78to -0.01 0.045
Time from baseline x amyloid -2.04 -3.26t0-0.82 0.001 -1.43 —-2.50t0-0.36 0.009
Time from baseline x tau —-0.55 —-1.58t00.49 0.298 -1.10 -1.99t0-0.20 0.016
Time from baseline square x coping -0.12 -0.24t00.01 0.041 0.04 —-0.03t00.11 0.229
Time from baseline square x amyloid 0.32 0.12t00.51 0.001 0.25 0.07t00.43 0.007
Time from baseline square x tau 0.12 -0.04t00.29 0.145 0.16 0.01t00.31 0.032
Coping x amyloid -0.73 -1.97t00.51 0.247 0.55 —-0.18 t0 1.29 0.140
Coping x tau -0.55 -1.56t00.46 0.282 0.61 0.11to 1.10 0.016
Amyloid x tau 0.36 -1.59t0-2.31 0.718 -0.07 -1.73t01.59 0.933
Time from baseline x amyloid x tau 1.27 0.46t0 2.09 0.002 0.85 0.18to 1.52 0.012
Time from baseline x coping x amyloid -0.03 -0.53t00.47 0.917 -0.17 -0.46t00.13 0.265
Time from baseline x coping x tau -0.70 -1.16t0-0.23 0.003 0.50 0.27t00.72 <0.001
Time from baseline square x amyloid x tau -0.22 -0.35t0-0.10 0.001 -0.16 —0.27 to -0.04 0.006
Time from baseline square x coping x amyloid 0.03 -0.05t00.10 0.517 0.02 -0.03t00.07 0.395
Time from baseline square x coping x tau 0.08 0.00t00.15 0.039 -0.05 —-0.10to -0.01 0.016

Note: Cluster model: Marginal R? = 0.40, Conditional R? = 0.91. Factor model: Marginal R? = 0.48, Conditional R? = 0.91. 8 = partial unstandardized regression

coefficient.

Abbreviations: APOE, apolipoprotein E; Cl, confidence interval; COVID-19, coronavirus disease 2019; PACC-5, Preclinical Alzheimer’s Cognitive Composite

5; PiB, Pittsburgh Compound B.
2High Copers as the reference group in cluster models.

modifiable target for interventions aimed at delaying cognitive decline
inindividuals with preclinical AD.

The cluster analysis identified two distinct coping profiles: those
who demonstrated a more frequent use of active coping, planning,
positive reframing, and acceptance strategies, that is, “High Users of
Coping Styles” and those who showed a comparatively less frequent
use of these strategies, that is, “Low Users of Coping Styles.” The
factor analysis further supported a unidimensional structure of adap-
tive coping, with problem-focused strategies (active coping, planning)
and positive emotion-focused strategies (positive reframing, accep-
tance) as core components. This identified unidimensional structure

of adaptive coping suggests that general adaptive coping capacity

may be more important than specific strategies, consistent with the-
ories emphasizing coping flexibility rather than specific styles.?? The
convergence of results across both clustering and factor analysis,
despite differences in variable inclusion, underscores the robustness
of our findings and suggests they are not dependent on the choice of
method.

Consistent with our first hypothesis, the longitudinal analyses
revealed that individuals who more frequently employed adaptive
coping strategies showed better maintenance of cognitive function
over time, independent of AD pathology. This finding is consistent
with previous research showing associations between psychologi-

cal factors and cognitive trajectories outcomes in AD.?18 Although
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FIGURE 3 Values predicted from the linear mixed effect models for longitudinal PACC-5 scores as a function of coping variables and tau
levels. Values predicted for PACC-5 over time by the model fixed effects with 95% confidence intervals (shaded areas). Upper panels show
participants stratified based on cluster membership, while lower panels show participants with stratification based on mean and one standard
deviation above and below on the coping factor variable. In the figure, participants were further stratified by tau based on mean and one standard
deviation above and below the mean on tau. These visualizations illustrate the observed patterns in the data that correspond to the significant
three-way interaction (Coping X Quadratic Time X Tau) found in the full mixed-effects models. (Predicted values are estimated at the following
fixed covariate values: PiB DVR = 1.16, age = 75.08 years, education = 16.73 years, perceived stress = 14.04, number of cognitive

assessments = 5.63, time between pathology and baseline assessment = 0.63 years, and sex = male). PACC-5, Preclinical Alzheimer’s Cognitive

Composite 5; PiB DVR, Pittsburgh Compound B distribution volume ratio.

studies investigating the association between coping styles and cogni-
tion are lacking, our findings are in line with a recent study showing
problem-focused coping associates with better levels of cognition
among cognitively unimpaired non-Hispanic Black individuals.8

Consistent with our second hypothesis, the findings suggested that
adaptive coping strategies moderate the association between AD
pathology (tau specifically) and cognitive decline. The findings showed
a three-way interaction between tau pathology, adaptive coping, and
cognitive trajectories over time. Specifically, participants with ele-
vated tau who demonstrated more frequent use of adaptive coping
maintained better cognitive function compared to those with similar
pathological burden but less frequent adaptive coping use. This find-
ingisin line with the concept of resilience in AD, referring to the ability
to maintain cognitive function despite the presence of pathology.> The
interaction effect was observed with tau pathology, but not with Ag.
This is likely due to tau being more proximally linked to cognitive mani-
festations than Ag in AD,*° suggesting that employing adaptive coping
strategies may be especially beneficial for individuals with early tau
burden.

Importantly, however, the quadratic interaction terms in our mod-
els revealed that the protective effect of adaptive coping strategies
as a resilience factor may have temporal limitations. While individuals
with more frequent use of adaptive coping maintained better cogni-
tive function initially, the trajectories began to converge at later time
points among those with higher tau burden. This suggests that psycho-
logical resilience factors may delay, but not entirely prevent, cognitive
decline associated with advanced pathology. This pattern is consistent
with the concept of resilience in providing a “cognitive buffer” that may
eventually become overwhelmed as pathology progresses.®
Several biological mechanisms may explain this protective effect.

First, the mechanisms underlying this relationship may involve reduced

stress activation as a result of better stress-coping associated with
adaptive stress-coping strategies, as stress has been linked to hip-
pocampal atrophy, dysregulated hypothalamic pituitary adrenal-axis
function, and accelerated cognitive aging.*! Therefore, adaptive cop-
ing strategies may mitigate the physiological consequences of stress,
whichitself could influence tau accumulation, as stress has been associ-
ated with higher levels of tau both in cognitively unimpaired individuals
with a history of psychiatric disease*? and in experimental animal
models.*® This interpretation is in line with research showing bet-
ter stress-coping associates with lower levels of tau in cognitively
unimpaired individuals.8 Second, individuals employing more adaptive
coping strategies may benefit from “brain maintenance,” referring to
maintaining or preserving brain reserve, that may allow them to tol-
erate higher levels of pathology before showing cognitive decline.*+4>
Third, adaptive coping strategies may further support cognitive reserve
by neural compensation—an active process related to “coping with
pathology” by using new or alternate brain networks not compromised
by pathology.®*¢ Building on that, adaptive coping may engage large-
scale brain networks known to underlie psychological and cognitive
resilience. Stronger functional connectivity within the default mode
(DMN) and frontoparietal control networks (FPCN) has been associ-
ated with slower AB-related cognitive decline.*”*8 Moreover, COVID-
19-related studies show that FPCN and DMN connectivity associates

4950 and modulates the association

with pandemic-related distress
between perceived stress and mental health outcomes.>! Collectively,
adaptive coping may recruit salience-control-DMN circuitry that sup-
ports emotional regulation under stress while also facilitating cognitive
reserve and compensation in the face of AD pathology.

Our results extend previous research on resilience factors in AD
by identifying a potentially modifiable psychological factor that may

further buffer against the negative impact of pathology on cognition.
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While education, occupational complexity, and intellectual engage-
ment have been extensively studied as resilience factors,? psycho-
logical and behavioral factors have received less attention. To our
knowledge, the role of coping strategies as resilience factors in AD
has not been studied. Our findings, however, align with recent stud-
ies showing that higher purpose in life'! and social engagement'2 may
buffer the effects of AD pathology on cognitive decline, suggesting that
multiple psychological resources may contribute to resilience.

The findings of this study may have important clinical implica-
tions for interventions aimed at preventing or delaying cognitive
decline in older adults. Unlike demographic factors such as educa-
tion or occupational history, coping strategies may represent modifi-
able targets that can be enhanced through behavioral interventions.
Indeed, cognitive-behavioral therapy and mindfulness-based interven-
tions have shown effectiveness in improving coping abilities across
various populations.2>3 The protective effects of adaptive coping
observed during the pandemic suggest that interventions aimed at
enhancing coping abilities may be particularly valuable during times
of heightened stress, which may exacerbate vulnerability to cognitive

decline in at-risk individuals.

41 | Strengths and limitations

The strengths of this study include the longitudinal design spanning a
maximum of 7 years, employing complementary analytical approaches
(clustering and factor analysis) that yielded convergent findings, and
the inclusion of both AS and tau PET biomarkers. The study also has
several limitations. First, the frequency of use of “maladaptive” cop-
ing strategies was notably low across our sample. These maladaptive
coping strategies were initially excluded from clustering analysis due
to low reliability and subsequently excluded from factor analysis due
to low variability and floor effects, preventing direct comparisons
between adaptive and maladaptive coping on cognition in the current
study. Second, the timing of assessments was not uniform across partic-
ipants, with variability in the interval between biomarker assessment,
cognitive testing, and coping evaluation, and future studies with more
homogenous assessment intervals would strengthen these findings.
Third, despite the longitudinal design, the observational nature of our
study precludes causal conclusions about the effects of coping strate-
gies on cognitive resilience. It is possible that individuals with better
maintained cognitive function are more capable of employing adaptive
coping strategies, rather than the reverse direction hypothesized in our
study. Additionally, personality factors, such as neuroticism which has
been associated with cognitive decline,”* may represent unmeasured
confounders that could partly explain the associations observed in this
study. Interventional or longitudinal studies across longer time peri-
ods will help clarify these temporal relationships. Fourth, the sample
consisted of predominantly highly educated and White participants,
limiting generalizability to more diverse populations. And finally, the
COVID-19 pandemic represents a specific type of a stressor, and cop-

ing strategies may differ across various stressors. Future research may
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benefit from examining whether the protective effects of adaptive
coping observed in our study extend to other contexts.

This study provides novel evidence that adaptive coping strategies
may confer cognitive resilience among cognitively unimpaired individ-
uals at risk for AD. Individuals who more frequently employed adaptive
coping strategies demonstrated better cognitive trajectories over time
and appeared less vulnerable to the negative effects of tau pathology
on cognition. These findings highlight the importance of psychological
factors in AD and suggest that interventions targeting coping abili-
ties may represent promising approaches for maintaining cognition in
individuals at risk for AD. Given the potentially modifiable nature of
coping strategies, coping-focused interventions may offer a practical
and accessible approach to cognitive preservation, particularly when
implemented during periods of elevated stress or in early stages of
pathological accumulation. Future research should explore the neuro-
biological mechanisms underlying these resilience effects and examine
the effectiveness of targeted interventions to enhance adaptive coping

invulnerable populations.
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