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ABSTRACT
BACKGROUND: Mindfulness, defined as nonjudgmental awareness of the present moment, has been associated
with an array of mental and physical health benefits. Mindfulness may also represent a protective factor for Alz-
heimer’s disease (AD). Here, we tested the potential protective effect of trait mindfulness on cognitive decline and AD
pathology in older adults at risk for AD dementia.
METHODS: Measures of trait mindfulness, longitudinal cognitive assessments, and amyloid-b (Ab) and tau positron
emission tomography scans were collected in 261 nondemented older adults with a family history of AD dementia
from the PREVENT-AD (Pre-symptomatic Evaluation of Experimental or Novel Treatments for AD) observational
cohort study. Multivariate partial least squares analyses were used to examine relationships between
combinations of different facets of trait mindfulness and 1) cognitive decline, 2) Ab, and 3) tau.
RESULTS: Higher levels of mindful nonjudgment, describing, and nonreactivity were associated with less cognitive
decline in attention, global cognition, and immediate and delayed memory. Higher levels of mindful nonjudgment and
nonreactivity were related to less Ab positron emission tomography signal in bilateral medial and lateral tempor-
oparietal and frontal regions. Higher levels of mindful acting with awareness, describing, nonjudgment, and non-
reactivity were associated with less tau positron emission tomography signal in bilateral medial and lateral temporal
regions.
CONCLUSIONS: Trait mindfulness was associated with less cognitive decline and less Ab and tau in the brain in older
adults at risk for AD dementia. Longitudinal studies examining the temporal relationship between trait mindfulness
and AD markers, along with mindfulness intervention studies, will be important for further clarifying the potential
protective benefits of mindfulness on AD risk.

https://doi.org/10.1016/j.bpsgos.2022.01.001
Mindfulness is defined as the ability to engage in nonjudg-
mental awareness of the present moment (1). Growing evi-
dence suggests that both the dispositional trait and the formal
practice of mindfulness are associated with an array of mental
and physical health benefits, including reduced depression,
anxiety, and stress (2); improved sleep (3); less pain (4); and
better cardiovascular function (5). Mindfulness has also been
related to changes in brain structure and function (6), along
with better cognitive performance (7), including in older adults
(8). The goal of the current study was to examine the possible
protective benefits of trait mindfulness on cognitive decline
and Alzheimer’s disease (AD) pathology in nondemented older
adults at risk of AD dementia.

In the absence of an imminent treatment or cure for AD
dementia, increasing focus is being placed on early prevention.
Encouragingly, up to 40% of the risk for dementia is attributed
to modifiable behavioral factors (9). It is estimated that even a
10% reduction in these risk factors would reduce the
ª 2022 THE AUTHORS. Published by Elsevier Inc on behalf of the S
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prevalence of AD-related dementia by over 8% (10). AD is
characterized by a long preclinical stage, involving the accu-
mulation of amyloid-b (Ab) and tau pathology, along with subtle
cognitive decline, up to two decades prior to the onset of
dementia (11). This phase offers a window of opportunity for
studying the behavioral factors associated with the earliest
stage of AD.

Leveraging a longitudinal cohort sample, we tested the
potential protective effect of trait mindfulness on cognitive
decline in older adults at risk of AD dementia. We also
assessed the association between trait mindfulness and AD
pathology, with the hypothesis that mindfulness could reduce
dementia risk by providing resistance against AD pathology
(12). That is, individuals who are more mindful may have low
levels of Ab and tau despite being at risk for AD. We collected
measures of trait mindfulness along with longitudinal cognitive
assessments and Ab and tau positron emission tomography
(PET) scans in older adults at increased risk of AD. We then
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used multivariate statistical analyses to examine associations
between combinations of different aspects of trait mindfulness
and 1) cognitive decline, 2) Ab, and 3) tau.

METHODS AND MATERIALS

Participants and Study Design

A total of 261 participants were included in this study from the
PREVENT-AD (Pre-symptomatic Evaluation of Experimental or
Novel Treatments for AD) cohort. This ongoing longitudinal
observational study enrolls older adults who are cognitively
normal but have a parent or at least 2 siblings diagnosed with
AD-like dementia, placing them at increased risk for sporadic
AD (13). Other enrollment criteria include being over 60 years of
age (or between 55 and 59 years of age if their age was ,15
years from their parent’s age of symptom onset), an absence
of major neurological and psychiatric diseases, and intact
cognition based on the Montreal Cognitive Assessment (score
above 25) (14) and the Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS) (15) at the time of
enrollment. Study enrollment spanned from 2012 to 2017,
while longitudinal data collection, including annual cognitive
assessment with the RBANS, is ongoing. Since 2017, addi-
tional measures have been added to the study. In 2017 to
2019, a subset of participants underwent Ab and tau PET
scans at a single time point, and in 2018, a measure of trait
mindfulness was collected (with an additional 16 participants
completing it in 2020–2021). All participants included in the
current analyses completed the measure of trait mindfulness
and at least one annual cognitive assessment (N = 261), with
124 of these individuals also completing Ab and tau PET
scans. Further details of the relative timing of measures are
contained within Supplemental Methods. Participants were
cognitively normal at the time of their baseline cognitive
assessment and PET scans, though 12 individuals (including 5
PET participants) developed mild cognitive impairment (MCI)
prior to completion of the mindfulness questionnaire. Results
remain predominantly similar when these participants with MCI
are excluded from analyses (see Supplemental Results).

Mindfulness

The 39-item self-report Five Facet Mindfulness Questionnaire
(FFMQ) (16) was collected for all participants (N = 261). The
questionnaire was administered via an online platform for most
participants, though 10 individuals chose to receive a paper
copy in the post and a further 16 participants completed it over
the telephone. The FFMQ contains five subscales measuring
different facets of trait mindfulness: observing (being aware of,
and paying attention to, internal and external stimuli and ex-
periences), describing (verbally labeling and expressing one’s
experiences), acting with awareness (paying conscious atten-
tion to what is happening in the present moment, rather than
acting automatically), nonjudgment (not judging one’s own
experiences), and nonreactivity (allowing experiences to arise
without reacting to them). Participants were instructed to rate
each item based on the extent to which the statements applied
to them, on a Likert scale of 1 (never or very rarely true) to 5
(very often or always true). Scores were calculated for each
mindfulness subscale, with higher scores reflecting higher
Biological Psychiatry: Global O
levels of mindfulness. The nonreactivity subscale consists of
seven items, whereas the remaining subscales consist of eight
items. Scores for nonreactivity therefore ranged from 7 to 35,
while the remaining subscale scores ranged from 8 to 40.
Missing values were replaced with the mean of the subject’s
responses for each subscale. Three participants with .10% of
missing values were excluded from analyses. The FFMQ has
demonstrated reliability and validity in clinical as well as in
nonclinical populations (16,17).

Cognition

As part of the PREVENT-AD study, participants underwent
annual cognitive testing using the RBANS. The RBANS com-
prises 12 cognitive subtests, which produce five cognitive
domain index scores (immediate memory, attention, visuo-
spatial construction, language, and delayed memory), along
with a total score reflective of global cognition. Scores are
standardized to a mean score of 100 with an SD of 15. Lon-
gitudinal cognitive assessment ($2 time points) was available
for 257 (98.5%) participants, with a median follow-up time of 5
years (range, 1–7 years). The FFMQ was collected a mean of
1429.29 days (i.e., w3.9 years) after the baseline cognitive
assessment (SD = 620.97 days). For further details of the
closest cognitive time point to the FFMQ for each participant,
see the Supplemental Methods.

Neuroimaging Measures

Image Acquisition. A subset of participants (n = 124) un-
derwent PET imaging using [18F]NAV4694 to assess Ab burden
and [18F]AV1451 (flortaucipir) for tau deposition. Ab and tau
PET scans were preprocessed using a standard pipeline
(https://github.com/villeneuvelab/vlpp) (see Supplemental
Methods). Standardized uptake value ratios (SUVRs) for each
of the Desikan-Killiany regions were calculated using reference
regions of the whole cerebellum gray matter for Ab PET scans
(18) and the inferior cerebellar gray matter for tau PET (19).
SUVRs from regions demonstrated to accumulate Ab and tau
early in the disease course were included in subsequent ana-
lyses. For Ab, this included 38 SUVRs from the 19 bilateral
regions that form the global Ab index, namely the lateral and
medial prefrontal, parietal, lateral temporal, and cingulate
cortices (20). For tau, 14 SUVRs were included, comprising 7
bilateral regions accumulating early tau pathology in preclinical
AD (21). This included regions from Braak stages I (entorhinal
cortex) and III (amygdala, and fusiform, parahippocampal, and
lingual gyri) and temporal regions from Braak stage IV (inferior
and middle temporal gyri). Braak stage II (i.e., the hippocam-
pus) was excluded due to off-target binding in the adjacent
choroid plexus (22).

Statistical Analysis

Primary Analyses. In order to explore the relationships
between combinations of mindfulness facets and 1) longitu-
dinal cognition, 2) Ab, and 3) tau, three separate multivariate
partial least squares (PLS) analyses were employed (23) using
PLS Software v6.15.1 on MATLAB v2018a (The MathWorks,
Inc.). PLS takes two sets of variables (from two matrices) and
uncovers linear combinations of these variables that maximally
correlate with one another (24). For all three PLS analyses, the
pen Science January 2023; 3:130–138 www.sobp.org/GOS 131
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first matrix contained each mindfulness facet (i.e., observing,
describing, acting with awareness, nonjudgment, and non-
reactivity) in a separate column, with rows representing indi-
vidual participants. Mindfulness data were z-scored due to
the differing ranges of each subscale. The second matrix
contained separate columns for each of the dependent
variables, namely each of the six cognitive change scores for
PLS 1 (calculated using linear mixed-effects models, see
Supplemental Methods) or PET SUVRs for each region of in-
terest for PLS 2 and 3 (38 regions for Ab, 14 regions for tau).
Each row represented a single participant.

The PLS analyses produced sets of latent variables relating
the mindfulness facets with each dependent variable (longitu-
dinal cognition, Ab, and tau). Each latent variable consisted of
a singular value, a vector of weights for each mindfulness
facet, and a vector of weights for each dependent variable.
Permutation tests were used to identify the significant latent
variables (p , .05). Then, for each significant latent variable,
bootstrap resampling was employed to ascertain the most
stable mindfulness subscales and cognitive scores/brain re-
gions contributing to the multivariate relationship. For the
mindfulness subscales, the SE of the resampled distribution
was calculated. The mindfulness facets for which the SE
values did not overlap with zero were considered as signifi-
cantly contributing to the multivariate relationship with the
dependent variable. A bootstrap ratio was produced for each
of the dependent variables. Cognitive scores/brain regions
with bootstrap values .1.96 were considered as significant
contributors to the multivariate relationship with mindfulness.
For Ab and tau PET PLS analyses, bootstrap ratios for each of
the Desikan-Killiany regions of interest were projected on 2-
dimensional brain representations using the ggseg package
v1.6.01 (25) in R v1.1.463 (R Foundation for Statistical
Computing). Finally, the vectors of weights for each mindful-
ness subscale and dependent variable were multiplied by the
original data for these variables for each participant, producing
a weighted score of mindfulness facets and a weighted
score of longitudinal cognition, Ab, and tau for each partic-
ipant. These scores were then used in subsequent linear
regression analyses to examine the potential effect of
covariates on the multivariate relationship between mind-
fulness and the dependent variables. In these models,
implemented using the lm function in R, the effect of the
weighted mindfulness score on predicting the weighted
dependent variable score was explored while controlling for
age at the time of FFMQ completion, sex, years of education,
APOE status ( 34 carrier vs. noncarrier), and number of days
between completion of the FFMQ and the baseline cognitive
assessment/PET scans.

Complementary Analyses. Given that we have previously
documented relationships in the PREVENT-AD dataset be-
tween psychological variables, such as personality and
neuropsychiatric factors, and longitudinal cognition, Ab, and
tau (24,26), we were also interested in examining the potential
influence of these other psychological factors on the multi-
variate relationships between mindfulness and longitudinal
cognition, Ab, and tau. Participants completed questionnaire
measures of personality traits (i.e., extraversion, agreeable-
ness, conscientiousness, neuroticism, and openness) and
132 Biological Psychiatry: Global Open Science January 2023; 3:130–
neuropsychiatric symptoms (i.e., depression, anxiety, and
stress) (see Supplemental Methods for further details). We
first performed univariate Pearson correlation analyses to
examine associations between mindfulness traits and the
other psychological factors. Subsequently, we repeated our
main PLS analyses between mindfulness and longitudinal
cognition, Ab, and tau, including these additional psycho-
logical variables alongside the mindfulness facets in the first
PLS matrix.

Standard Protocol Approvals, Registrations, and
Patient Consents

All participants provided written informed consent, and all
research procedures were approved by the Institutional Re-
view Board at McGill University and complied with the ethical
principles of the Declaration of Helsinki.

Data Availability

Data may be made available by request by a qualified
investigator.

RESULTS

Participant characteristics are displayed in Table 1. The PET
subsample was representative of the whole cognition sample,
except that the PET subsample was slightly older (p = .02). No
differences in trait mindfulness were apparent between the
APOE 34 carriers versus noncarriers in either the full sample or
the PET subsample (all p values ..08).

PLS Analyses

Longitudinal Cognition. For the PLS analysis between
mindfulness and longitudinal cognition, two significant latent
variables emerged (p , .001, p = .004), explaining 68.03% and
20.32% of the PLS variance, respectively. We report the first
latent variable here, given that it explained the majority of the
PLS variance and was replicated in the subset of 124 partici-
pants who completed Ab and tau PET scans (Figure S1).
Weights and standard errors for the mindfulness facets and
bootstrap ratios for the cognitive index slopes for this latent
variable are shown in Figure 1. Higher levels of mindful non-
judgment, describing, and nonreactivity were related to less
cognitive decline in attention, global cognition, immediate
memory, and delayed memory (Figure 1A). The correlation
between the weighted mindfulness and longitudinal cognitive
scores was 0.24 (p , .001), which accounted for 5.4% of the
variance in cognitive change. This relationship between
mindfulness and longitudinal cognitive decline remained sig-
nificant when covariates (age, sex, education, APOE status,
and time between completion of the FFMQ and baseline
RBANS) were included in the model (b = 0.21, t = 3.55, p ,

.001). The main results from this PLS analysis were also
replicated when participants who had MCI at the time of the
FFMQ were removed from analyses, with the exception of the
immediate and delayed memory scores, which did not reach
statistical significance (Figure S2).

Figure 1B displays longitudinal cognitive change as a
function of mindfulness scores, for the most robust cognitive
and mindfulness subscales that contributed to the first latent
variable (i.e., longitudinal attention and global cognition as a
138 www.sobp.org/GOS

http://www.sobp.org/GOS


Table 1. Demographic, Pathological, and Clinical
Characteristics of the Sample

Cognition Sample,
N = 261

PET Subsample,
n = 124

Demographics

Age, years, mean (SD) 67.27 (5.24) 68.60 (4.90)

Sex, female:male, n (% female) 186:75 (71.3%) 92:32 (74.2%)

Education, years, mean (SD) 15.50 (3.46) 15.25 (3.29)

APOE 34 carriers, n (%) 101 (38.7%) 48 (38.7%)

MCI at time of FFMQ, n (%) 12 (4.6%) 5 (4.03%)

PET, Mean (SD)

Global Ab SUVR – 1.34 (0.34)

Entorhinal tau SUVR – 1.07 (0.14)

Cognition, Mean (SD)

MoCA, baseline (out of 30) 28.11 (1.59) 28.16 (1.50)

RBANS, baseline

Global cognition 102.82 (10.32) 102.73 (10.66)

Attention 107.02 (15.08) 106.42 (15.41)

Visuospatial 96.39 (13.63) 96.71 (13.55)

Language 103.75 (9.96) 104.02 (10.55)

Immediate memory 102.57 (11.39) 101.91 (10.67)

Delayed memory 102.33 (9.09) 102.48 (9.28)

Mindfulness (FFMQ), Mean (SD)

Observing 27.55 (6.05) 28.31 (5.94)

Describing 29.51 (6.04) 30.28 (5.56)

Acting with awareness 31.01 (5.71) 31.23 (5.59)

Nonjudgment 30.66 (5.51) 31.03 (5.53)

Nonreactivity 23.11 (4.75) 23.63 (4.49)

Age was calculated at the time of FFMQ completion. APOE 34
carriers had at least one copy of the 34 allele.

Ab, amyloid-b; FFMQ, Five Factor Mindfulness Questionnaire; MCI,
mild cognitive impairment; MoCA, Montreal Cognitive Assessment;
PET, positron emission tomography; RBANS, Repeatable Battery for
the Assessment of Neuropsychological Status; SUVR, standardized
uptake value ratio.
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function of mindful nonjudgment). Participants are grouped
into tertiles of high, medium, and low mindfulness for visuali-
zation purposes.

Amyloid-b. One significant latent variable emerged for the
PLS analysis between mindfulness and Ab (p = .005), which
explained 97.72% of the PLS variance. Loadings and SEs for
the mindfulness facets and bootstrap ratios for the Ab
regional SUVRs that comprise this latent variable are dis-
played in Figure 2A. Higher levels of mindful nonjudgment and
nonreactivity were associated with lower Ab burden in the
bilateral medial and lateral temporoparietal and frontal regions
(loadings for each brain region of interest are contained within
Table S1). The correlation between the weighted mindfulness
scores and the weighted Ab regional values was 0.25 (p =
.005), accounting for 5.4% of the variance in Ab. The rela-
tionship between mindfulness and Ab remained significant
when covariates (age, sex, education, APOE status, and time
between completion of the FFMQ and PET scans) were
included in the model (b = 0.21, t = 2.34, p = .02). When
participants with MCI at the time of the FFMQ were removed,
PLS results remained predominantly similar, though the
Biological Psychiatry: Global O
mindful nonreactivity subscale was no longer significant
(Figure S3A).

Tau. For the PLS analysis between mindfulness and tau, one
significant latent variable emerged (p = .007), explaining
92.58% of the PLS variance. Figure 2B shows the loadings and
SE values for the mindfulness facets and bootstrap ratios for
the regional tau SUVRs comprising this latent variable. Higher
levels of mindful acting with awareness, describing, nonjudg-
ment, and nonreactivity were related to a lower burden of tau in
bilateral temporal regions, namely the entorhinal cortex;
amygdala; and parahippocampal, fusiform, and inferior tem-
poral gyri (see Table S1 for the loadings of each region of in-
terest). The correlation between the weighted mindfulness
scores and weighted regional tau SUVRs was 0.26 (p = .003),
accounting for 6.1% of the tau variance. This relationship be-
tween mindfulness and tau remained significant when cova-
riates (age, sex, education, APOE status, and time between
completion of the FFMQ and PET scans) were included in the
model (b = 0.25, t = 2.88, p = .005). Results of this PLS analysis
remained unchanged when participants with MCI at the time of
the FFMQ were excluded (Figure S3B).

Complementary Analyses

Univariate correlation analyses between mindfulness and other
psychological variables revealed that higher levels of mindful-
ness traits were correlated with less neuroticism, perseverative
thinking, anxiety, stress, and depression, and with higher
conscientiousness, openness, agreeableness, and extraver-
sion (Figure S4). When the main PLS analyses between
mindfulness and longitudinal cognition, Ab, and tau were
repeated including these additional psychological variables
alongside the mindfulness facets, the majority of the previously
uncovered relationships between mindfulness traits and AD
markers remained significant, with the exception of the mindful
nonreactivity subscale in both the Ab and tau PLS analyses,
which did not reach statistical significance (Supplemental
Results; Figure S5). This suggests that the relationships be-
tween mindfulness and longitudinal cognition, Ab, and tau are
at least partially independent of other psychological factors.
For Ab, the addition of other psychological variables to the PLS
analysis also did not explain any additional variance in Ab
compared with the mindfulness traits alone. Importantly, for
both the longitudinal cognition (Figure 3A) and Ab (Figure 3B)
PLS analyses, mindful nonjudgment was the strongest
contributing psychological variable to the multivariate
relationship.

DISCUSSION

The potential health benefits of mindfulness have become
increasingly recognized in recent years. In particular, mind-
fulness is posited to have positive effects on brain health,
including improved cognition (7). Focusing on the preclinical
stage of AD, here we explored multivariate relationships be-
tween trait mindfulness, cognitive decline, and AD pathology.
In older adults at risk for sporadic AD dementia, higher levels
of trait mindfulness were related to less cognitive decline and
to less Ab and tau deposition in the brain. Distinct combina-
tions of mindfulness traits were related to cognitive decline,
pen Science January 2023; 3:130–138 www.sobp.org/GOS 133
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Figure 1. (A) Results of partial least squares an-
alyses between mindfulness facets and longitudinal
cognitive change. Significant mindfulness facets and
cognitive indexes are presented in bold; significant
cognition bootstrap ratios are also represented by
cognitive indexes with colors above the dotted line
on the color bar. (B) Longitudinal cognitive change
for the most robust mindfulness facet and cognitive
domains from the partial least squares analysis, with
participants grouped into tertiles of high, medium,
and low mindfulness for visualization purposes (solid
lines; spaghetti plots represent individual trajec-
tories). RBANS, Repeatable Battery for the Assess-
ment of Neuropsychological Status.
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Ab, and tau; however, mindful nonjudgment emerged as a
common correlate of all three AD markers. Importantly, while
mindfulness was related to other psychological variables
including neuropsychiatric symptoms and personality traits,
the main associations between mindfulness and cognitive
decline, Ab, and tau remained significant when these other
psychological factors were included in analyses. Furthermore,
when neuropsychiatric symptoms, personality traits, and
mindfulness were all entered into the same model, mindful
nonjudgment still showed the strongest association with Ab
and cognitive decline. Together, these results highlight a
potential role for trait mindfulness as a psychological pro-
tective factor for AD.
134 Biological Psychiatry: Global Open Science January 2023; 3:130–
In older adults at risk of AD dementia, higher levels of trait
mindful nonjudgment, describing, and nonreactivity were
related to less cognitive decline in global cognition, attention,
and immediate and delayed memory over an average of 5
years. The associations between higher levels of mindfulness
and less decline in global cognition and attention were also
apparent in the subset (n = 249 of 261) of cognitively unim-
paired participants. Mindfulness has previously been associ-
ated with better cognitive performance in older adults,
particularly in domains of attention and executive function (8).
By definition, attentional control is a primary component of
mindfulness, given that it involves the directing of attention to
one’s present-moment experience (1), with improvements in
Figure 2. Results of partial least squares analyses
between mindfulness traits and (A) amyloid-b and (B)
tau standardized uptake value ratios. Error bars on
bar plots represent the SEs. Significant mindfulness
facets are presented in bold; significant amyloid-b
and tau bootstrap ratios are represented by regions
with colors below the dotted line on the color bars.
Brain regions shown in gray were not included in
analyses.
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Figure 3. Results of partial least squares analyses
between psychological variables and (A) longitudinal
cognitive change and (B) amyloid-b standardized
uptake value ratios. Error bars on bar plots represent
the SEs. Mindfulness variables are presented in
shades of purple, with the remaining psychological
factors represented in shades of blue. (A) Significant
psychological variables and cognitive indexes are
presented in bold; significant cognition bootstrap
ratios are also represented by cognitive indexes with
colors above the dotted line on the color bars. (B)
Significant psychological variables are presented in
bold; significant amyloid-b bootstrap ratios are rep-
resented by regions with colors below the dotted line
on the color bars. Brain regions shown in gray were
not included in analyses. RBANS, Repeatable Bat-
tery for the Assessment of Neuropsychological
Status.
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attentional control observed following mindfulness training
programs, including in older individuals (27). Our findings
suggest that increased levels of trait mindfulness may also be
associated with the maintenance of attentional function over
time in cognitively normal older adults at risk for AD dementia,
along with other cognitive domains known to be affected in
preclinical AD (28). Further longitudinal studies are required to
determine whether older adults who are more mindful in daily
life may be able to withstand cognitive decline associated with
aging and/or AD, and indeed whether these associations
translate to a delaying, or even prevention, of the onset of
dementia.

In order to explore whether mindfulness could potentially
influence dementia risk via providing resistance against AD
pathology, we also examined associations between trait
mindfulness and Ab and tau deposition in the brain. In support
of this hypothesis, higher levels of mindful nonjudgment and
nonreactivity were related to less Ab in the bilateral medial and
lateral temporoparietal and frontal regions, including the pre-
cuneus, posterior cingulate cortex, and orbitofrontal cortex.
These regions are among the first cortical areas to accumulate
Ab pathology early in the disease course (20,29,30). It is
interesting to note that many of the Ab regions associated with
mindfulness belong to the default mode network, a widespread
functional brain network known to be disrupted in early AD
(31). Mindfulness has also been associated with changes in the
activity and functional connectivity of the default mode
network, particularly the posterior cingulate (32,33), which has
been proposed as a key candidate mechanism for the effects
of mindfulness on psychological well-being (34). Default mode
network connectivity therefore represents a potential pathway
by which mindfulness could be associated with Ab pathology,
which is worthy of further inquiry.
Biological Psychiatry: Global O
Higher levels of mindful acting with awareness, describing,
nonjudgment, and nonreactivity were also related to less tau in
regions known to accumulate pathology early in the course of
AD, namely the entorhinal cortex; amygdala; and para-
hippocampal, inferior temporal, and fusiform gyri. Medial
temporal lobe regions are believed to play important roles in
mindfulness, with both the trait and formal practice of mind-
fulness associated with gray matter volume of the amygdala
(35) and hippocampus (36), along with the functional connec-
tivity profiles of these regions (37,38). Taken together, the as-
sociations uncovered here between mindfulness and Ab and
tau pathology in specific neural regions suggest that future
studies examining the potentially mediating role of brain
structure and function on these relationships may be of
interest.

While distinct combinations of mindfulness traits were
associated with cognitive decline, Ab, and tau, mindful non-
judgment was the only subscale related to all three markers.
The associations between mindful nonjudgment, cognition,
and AD pathology were highly robust: remaining significant
even with the exclusion of participants with MCI and the in-
clusion of other psychological variables in the analyses.
Broadly, the construct of mindfulness is considered to incor-
porate both the attention to present-moment experiences and
the attitude of acceptance toward these experiences (39). The
mindful nonjudgment subscale of the FFMQ captures this
latter component, namely the tendency to refrain from judging
one’s own thoughts and feelings as they arise, via items such
as “I judge my thoughts as good or bad” and “I criticize myself
for having irrational emotions and thoughts” (both reverse-
scored). Mindful nonjudgment has been proposed to play a
critical role in reducing stress (40), alleviating symptoms of
psychopathology (41), and improving cardiovascular health
pen Science January 2023; 3:130–138 www.sobp.org/GOS 135
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(42), over and above present-moment awareness. Our findings
suggest that mindful nonjudgment may also be particularly
associated with AD markers.

Preliminary work has begun to explore the effect of
mindfulness-based interventions in MCI and early-stage AD
dementia. The evidence is mixed regarding their effect on
cognition, however, with one study reporting significant
cognitive improvements in participants with MCI following an
8-week mindfulness intervention (43), though only trend-level
differences from pre- to postintervention were observed in
another (44). While these initial findings are promising, there
remains a need for large, well-controlled studies of mindful-
ness interventions in early AD, with longer follow-up periods
[see (45)]. These interventions may also be most effective if
targeted at earlier, preclinical disease stages [e.g., (46–48)]
prior to the onset of extensive and likely irreversible AD pa-
thology, neural damage, and cognitive impairment (11). Results
from the current study point to an association between trait
mindfulness and markers of AD in the preclinical stage.
Whether mindfulness interventions in this early disease stage
may lead to slower rates of AD pathology accumulation and
cognitive decline will form a key question for future research.
Promisingly, self-reported mindfulness, such as that measured
by the FFMQ, has been found to increase following mindful-
ness intervention programs (49), including in participants with
MCI (43), suggesting that this trait may be modifiable. The
specificity of such changes to mindfulness interventions,
however, remains debated (49,50), which has contributed to
some concerns about the validity of self-report measures in
adequately capturing the construct of mindfulness (51,52).
While the FFMQ has demonstrated construct validity (53) and
is recommended as the most comprehensive self-report
mindfulness tool for use in the general population (52), vali-
dating the current findings using experimental manipulations of
mindfulness (particularly nonjudgment), and employing
appropriate control groups, will be particularly important for
future studies.

There are numerous potential psychological, behavioral,
and physiological mechanisms by which mindfulness may be
associated with AD pathology and cognitive decline. For
example, positive impacts of mindfulness on reducing
depression, anxiety, and stress (2) and modifying personality
traits such as neuroticism (54) have been observed. These
psychological factors are also associated with increased risk
for AD dementia (55,56) and higher levels of AD pathology and
cognitive decline in preclinical disease stages (24,57,58). In the
current study, mindfulness traits were associated with
perseverative thinking, depression, anxiety, stress, and per-
sonality traits in the expected directions. Crucially, however,
the main associations between mindfulness and cognition and
mindfulness and AD pathology remained apparent even when
these other psychological traits were included in analyses. In
fact, for both the longitudinal cognition and Ab analyses,
mindful nonjudgment was the strongest contributing psycho-
logical variable to the multivariate relationship. Accordingly,
the associations between mindfulness and AD markers are
unlikely to be fully explained by its indirect effects on other
psychological variables.

Other mechanisms are therefore likely involved in the re-
lationships between mindfulness and AD markers. Mindfulness
136 Biological Psychiatry: Global Open Science January 2023; 3:130–
has been associated with an array of physical health benefits,
involving similar pathways that are proposed to be involved in
AD. Poor cardiovascular health is one of the most significant
categories of risk factors for the development of AD pathology
and its associated dementia syndrome (9,59,60). Mindfulness
has also been linked to an array of benefits on vascular health,
including blood pressure, heart rate variability, and glucose
regulation (5). These effects may be at least partly attributable
to the influence of mindfulness on positive health behaviors
such as physical activity, smoking cessation, diet, and sleep
(5,61). Additional physical health markers such as inflamma-
tion, physiological stress (including cortisol), immune system
dynamics, and cellular aging have also been associated with
both mindfulness (62–65) and AD (66–69). More research is
required to further explore the relative contribution of each of
these potential pathways to the association between mind-
fulness and early markers of AD.

Overall, higher levels of trait mindfulness were associated
with better cognition over time and less Ab and tau in the brain
in older adults at risk for AD dementia. Our multivariate
approach permitted in-depth profiling of associations between
specific combinations of mindfulness facets and AD markers,
though such relationships were also apparent using standard
univariate analyses (see Table S2). Albeit not causal, the current
findings raise the possibility that individuals who are more
mindful may be more resistant to AD pathology and cognitive
decline. By this view, cultivating mindfulness in daily life may be
a way to reduce vulnerability to AD. As our study was correla-
tional, however, and the participants were approaching the
expected age of disease onset, it is also possible that lower
mindfulness represents an early symptom of AD. Other limita-
tions of our study include the cross-sectional nature of the PET
scans, which were only conducted in a subset of participants.
Accordingly, large-scale, longitudinal studies examining the
temporal relationship between trait mindfulness and AD
markers, along with mindfulness intervention studies with
cognition and pathology as outcome variables, will be of
utmost importance in refining our understanding of the poten-
tial protective benefits of mindfulness on resistance to AD pa-
thology and cognitive decline.

ACKNOWLEDGMENTS AND DISCLOSURES
This work was supported by a Strauss Postdoctoral Fellowship from McGill
University (to CSB); a joint Postdoctoral Fellowship from the Canadian In-
stitutes of Health Research, Alzheimer’s Society of Canada, and Fonds de
recherche du Québec – Santé (to CSB); a joint scholarship from the Alz-
heimer’s Society Canada and the Fonds de Recherche du Québec-Santé (to
APB); a Senior Fellowship from the Alzheimer’s Society (Grant No. AS-SF-
15b-002 [to NM]); and a Canada Research Chair and a Canada Fund for
Innovation grant (to SV). The PREVENT-AD (Pre-symptomatic Evaluation of
Experimental or Novel Treatments for Alzheimer’s Disease) PET scans were
funded by a Canadian Institutes of Health Research foundation grant, an
Alzheimer’s Association grant, a joint Alzheimer’s Society Canada and Brain
Canada Research grant, and a Lemaire foundation donation to SV. The
PREVENT-AD cohort was funded by generous support from McGill Uni-
versity, the government of Canada, an unrestricted gift from Pfizer Canada,
the Canada Fund for Innovation, the Douglas Hospital Research Centre, the
Levesque Foundation, and Genome Quebec Innovation Center. Funding
sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to submit the manuscript for
publication.
138 www.sobp.org/GOS

http://www.sobp.org/GOS


Associations Between Mindfulness, AD Pathology, and Cognition
Biological
Psychiatry:
GOS
We thank the PREVENT-AD participants for volunteering their time for
the study.

A previous version of this article was published as a preprint on medRxiv:
https://www.doi.org/10.1101/2021.05.17.21257320.

Data used in preparation of this article were obtained from the
PREVENT-AD program (https://douglas.research.mcgill.ca/stop-ad-centre).
A complete listing of the PREVENT-AD Research Group can be found in the
PREVENT-AD database: https://preventad.loris.ca/acknowledgements/
acknowledgements.php?date=2021-12-19.

The authors report no biomedical financial interests or potential conflicts
of interest.
ARTICLE INFORMATION
From the Centre for Studies on the Prevention of Alzheimer’s Disease
(CS-B, HO, APB, MC, JCSB, SV), Douglas Mental Health University Institute;
Department of Psychiatry (CS-B, APB, JCSB, SV), McGill Centre for Inte-
grative Neuroscience (APB, SV), and Department of Neurology and Neuro-
surgery (SV), McGill University; and the McConnell Brain Imaging Centre
(SV), Montreal Neurological Institute, Montreal, Quebec, Canada; and the
Division of Psychiatry (NLM), Faculty of Brain Sciences, University College
London, London, United Kingdom.

Address correspondence to Sylvia Villeneuve, Ph.D., at sylvia.
villeneuve@mcgill.ca, or Cherie Strikwerda-Brown, Ph.D., at cherie.
strikwerda-brown@mail.mcgill.ca.

Received Sep 23, 2021; revised and accepted Jan 6, 2022.
Supplementary material cited in this article is available online at https://

doi.org/10.1016/j.bpsgos.2022.01.001.
REFERENCES
1. Kabat-Zinn J, Hanh TN (2009): Full Catastrophe Living: Using the

Wisdom of Your Body and Mind to Face Stress, Pain, and Illness. New
York: Random House.

2. Khoury B, Lecomte T, Fortin G, Masse M, Therien P, Bouchard V, et al.
(2013): Mindfulness-based therapy: A comprehensive meta-analysis.
Clin Psychol Rev 33:763–771.

3. Black DS, O’Reilly GA, Olmstead R, Breen EC, Irwin MR (2015):
Mindfulness meditation and improvement in sleep quality and daytime
impairment among older adults with sleep disturbances: A randomized
clinical trial. JAMA Intern Med 175:494–501.

4. Davis MC, Zautra AJ, Wolf LD, Tennen H, Yeung EW (2015): Mind-
fulness and cognitive–behavioral interventions for chronic pain: Dif-
ferential effects on daily pain reactivity and stress reactivity. J Consult
Clin Psychol 83:24–35.

5. Loucks EB, Schuman-Olivier Z, Britton WB, Fresco DM, Desbordes G,
Brewer JA, et al. (2015): Mindfulness and cardiovascular disease risk:
State of the evidence, plausible mechanisms, and theoretical frame-
work. Curr Cardiol Rep 17:112.

6. Tang Y-Y, Hölzel BK, Posner MI (2015): The neuroscience of mind-
fulness meditation. Nat Rev Neurosci 16:213–225.

7. Lao S-A, Kissane D, Meadows G (2016): Cognitive effects of MBSR/
MBCT: A systematic review of neuropsychological outcomes.
Conscious Cogn 45:109–123.

8. Gard T, Hölzel BK, Lazar SW (2014): The potential effects of meditation
on age-related cognitive decline: A systematic review. Ann N Y Acad
Sci 1307:89–103.

9. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S,
et al. (2020): Dementia prevention, intervention, and care: 2020 report
of the Lancet Commission. Lancet 396:413–446.

10. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C (2014): Potential
for primary prevention of Alzheimer’s disease: An analysis of
population-based data. Lancet Neurol 13:788–794.

11. Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM,
et al. (2011): Toward defining the preclinical stages of Alzheimer’s
disease: Recommendations from the National Institute on Aging-Alz-
heimer’s Association workgroups on diagnostic guidelines for Alz-
heimer’s disease. Alzheimers Dement 7:280–292.
Biological Psychiatry: Global O
12. Arenaza-Urquijo EM, Vemuri P (2018): Resistance vs resilience to
Alzheimer disease: Clarifying terminology for preclinical studies.
Neurology 90:695–703.

13. Breitner J, Poirier J, Etienne P, Leoutsakos J (2016): Rationale and
structure for a new Center for Studies on Prevention of Alzheimer’s
Disease (StoP-AD). J Prev Alzheimers Dis 3:236–242.

14. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, et al. (2005): The Montreal Cognitive Assessment, MoCA: A
brief screening tool for mild cognitive impairment. J Am Geriatr Soc
53:695–699.

15. Duff K, Humphreys Clark JD, O’Bryant SE, Mold JW, Schiffer RB,
Sutker PB (2008): Utility of the RBANS in detecting cognitive impair-
ment associated with Alzheimer’s disease: Sensitivity, specificity, and
positive and negative predictive powers. Arch Clin Neuropsychol
23:603–612.

16. Baer RA, Smith GT, Hopkins J, Krietemeyer J, Toney L (2006): Using
self-report assessment methods to explore facets of mindfulness.
Assessment 13:27–45.

17. Bohlmeijer E, ten Klooster PM, Fledderus M, Veehof M, Baer R (2011):
Psychometric properties of the five facet mindfulness questionnaire in
depressed adults and development of a short form. Assessment
18:308–320.

18. McSweeney M, Pichet Binette A, Meyer P-F, Gonneaud J, Bedetti C,
Ozlen H, et al. (2020): Intermediate flortaucipir uptake is associated
with Ab-PET and CSF tau in asymptomatic adults. Neurology
94:e1190–e1200.

19. Baker SL, Maass A, Jagust WJ (2017): Considerations and code for
partial volume correcting [(18)F]-AV-1451 tau PET data. Data Brief
15:648–657.

20. Villeneuve S, Rabinovici GD, Cohn-Sheehy BI, Madison C, Ayakta N,
Ghosh PM, et al. (2015): Existing Pittsburgh Compound-B positron
emission tomography thresholds are too high: Statistical and patho-
logical evaluation. Brain 138:2020–2033.

21. Maass A, Landau S, Baker SL, Horng A, Lockhart SN, La Joie R, et al.
(2017): Comparison of multiple tau-PET measures as biomarkers in
aging and Alzheimer’s disease. NeuroImage 157:448–463.

22. Marquié M, Verwer EE, Meltzer AC, Kim SJW, Agüero C, Gonzalez J,
et al. (2017): Lessons learned about [F-18]-AV-1451 off-target binding
from an autopsy-confirmed Parkinson’s case. Acta Neuropathol
Commun 5:75.

23. McIntosh A, Bookstein F, Haxby JV, Grady C (1996): Spatial pattern
analysis of functional brain images using partial least squares. Neu-
roImage 3:143–157.

24. Pichet Binette A, Vachon-Presseau É., Morris J, Bateman R,
Benzinger T, Collins DL, et al. (2021): Amyloid and tau pathology
associations with personality traits, neuropsychiatric symptoms,
and cognitive lifestyle in the preclinical phases of sporadic and
autosomal dominant Alzheimer’s disease. Biol Psychiatry 89:776–
785.

25. Mowinckel AM, Vidal-Piñeiro D (2020): Visualization of brain statistics
with R packages ggseg and ggseg3d. Adv Methods Pract Psychol Sci
3:466–483.

26. Marchant NL, Lovland LR, Jones R, Pichet Binette A, Gonneaud J,
Arenaza-Urquijo EM, et al. (2020): Repetitive negative thinking is
associated with amyloid, tau, and cognitive decline. Alzheimers
Dement 16:1054–1064.

27. Fountain-Zaragoza S, Prakash RS (2017): Mindfulness training for
healthy aging: Impact on attention, well-being, and inflammation. Front
Aging Neurosci 9:11.

28. Bäckman L, Jones S, Berger AK, Laukka EJ, Small BJ (2005):
Cognitive impairment in preclinical Alzheimer’s disease: A meta-
analysis. Neuropsychology 19:520–531.

29. Mattsson N, Palmqvist S, Stomrud E, Vogel J, Hansson O (2019):
Staging b-amyloid pathology with amyloid positron emission tomog-
raphy. JAMA Neurol 76:1319–1329.

30. Palmqvist S, Schöll M, Strandberg O, Mattsson N, Stomrud E,
Zetterberg H, et al. (2017): Earliest accumulation of b-amyloid occurs
within the default-mode network and concurrently affects brain con-
nectivity. Nat Commun 8:1214.
pen Science January 2023; 3:130–138 www.sobp.org/GOS 137

https://www.doi.org/10.1101/2021.05.17.21257320
https://douglas.research.mcgill.ca/stop-ad-centre
https://preventad.loris.ca/acknowledgements/acknowledgements.php?date=2021-12-19
https://preventad.loris.ca/acknowledgements/acknowledgements.php?date=2021-12-19
mailto:sylvia.villeneuve@mcgill.ca
mailto:sylvia.villeneuve@mcgill.ca
mailto:cherie.strikwerda-brown@mail.mcgill.ca
mailto:cherie.strikwerda-brown@mail.mcgill.ca
https://doi.org/10.1016/j.bpsgos.2022.01.001
https://doi.org/10.1016/j.bpsgos.2022.01.001
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref1
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref1
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref1
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref2
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref2
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref2
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref3
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref3
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref3
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref3
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref4
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref4
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref4
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref4
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref5
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref5
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref5
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref5
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref6
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref6
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref7
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref7
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref7
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref8
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref8
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref8
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref9
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref9
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref9
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref10
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref10
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref10
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref11
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref11
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref11
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref11
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref11
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref12
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref12
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref12
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref13
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref13
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref13
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref14
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref14
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref14
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref14
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref15
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref15
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref15
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref15
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref15
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref16
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref16
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref16
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref17
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref17
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref17
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref17
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref18
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref18
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref18
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref18
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref19
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref19
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref19
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref20
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref20
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref20
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref20
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref21
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref21
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref21
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref22
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref22
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref22
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref22
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref23
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref23
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref23
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref24
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref26
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref26
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref26
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref27
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref27
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref27
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref27
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref28
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref28
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref28
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref29
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref29
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref29
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref30
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref30
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref30
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref31
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref31
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref31
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref31
http://www.sobp.org/GOS


Associations Between Mindfulness, AD Pathology, and Cognition
Biological
Psychiatry:
GOS
31. Jones DT, Knopman DS, Gunter JL, Graff-Radford J, Vemuri P,
Boeve BF, et al. (2016): Cascading network failure across the Alz-
heimer’s disease spectrum. Brain 139:547–562.

32. Shaurya Prakash R, De Leon AA, Klatt M, Malarkey W, Patterson B
(2013): Mindfulness disposition and default-mode network connec-
tivity in older adults. Soc Cogn Affect Neurosci 8:112–117.

33. Kral TRA, Imhoff-Smith T, Dean DC 3rd, Grupe D, Adluru N,
Patsenko E, et al. (2019): Mindfulness-Based Stress Reduction-related
changes in posterior cingulate resting brain connectivity. Soc Cogn
Affect Neurosci 14:777–787.

34. Brewer JA, Garrison KA (2014): The posterior cingulate cortex as a
plausible mechanistic target of meditation: Findings from neuro-
imaging. Ann N Y Acad Sci 1307:19–27.

35. Taren AA, Creswell JD, Gianaros PJ (2013): Dispositional mindfulness
co-varies with smaller amygdala and caudate volumes in community
adults. PLoS One 8:e64574.

36. Hölzel BK, Carmody J, Vangel M, Congleton C, Yerramsetti SM,
Gard T, et al. (2011): Mindfulness practice leads to increases in
regional brain gray matter density. Psychiatry Res 191:36–43.

37. Taren AA, Gianaros PJ, Greco CM, Lindsay EK, Fairgrieve A,
Brown KW, et al. (2015): Mindfulness meditation training alters stress-
related amygdala resting state functional connectivity: A randomized
controlled trial. Soc Cogn Affect Neurosci 10:1758–1768.

38. Wells RE, Yeh GY, Kerr CE, Wolkin J, Davis RB, Tan Y, et al. (2013):
Meditation’s impact on default mode network and hippocampus in
mild cognitive impairment: A pilot study. Neurosci Lett 556:15–19.

39. Eisenlohr-Moul TA, Walsh EC, Charnigo RJ Jr, Lynam DR, Baer RA
(2012): The "what" and the "how" of dispositional mindfulness: Using
interactions among subscales of the five-facet mindfulness question-
naire to understand its relation to substance use. Assessment 19:276–
286.

40. Chin B, Lindsay EK, Greco CM, Brown KW, Smyth JM, Wright AGC,
et al. (2019): Psychological mechanisms driving stress resilience in
mindfulness training: A randomized controlled trial. Health Psychol
38:759–768.

41. Peters JR, Eisenlohr-Moul TA, Upton BT, Baer RA (2013): Nonjudg-
ment as a moderator of the relationship between present-centered
awareness and borderline features: Synergistic interactions in mind-
fulness assessment. Pers Individ Dif 55:24–28.

42. Tomfohr LM, Pung MA, Mills PJ, Edwards K (2015): Trait mindfulness
is associated with blood pressure and interleukin-6: Exploring in-
teractions among subscales of the Five Facet Mindfulness Question-
naire to better understand relationships between mindfulness and
health. J Behav Med 38:28–38.

43. Wong WP, Coles J, Chambers R, Wu DB-C, Hassed C (2017): The
effects of mindfulness on older adults with mild cognitive impairment.
J Alzheimers Dis Rep 1:181–193.

44. Wells RE, Kerr CE, Wolkin J, Dossett M, Davis RB, Walsh J, et al.
(2013): Meditation for adults with mild cognitive impairment: A pilot
randomized trial. J Am Geriatr Soc 61:642–645.

45. Klimecki O, Marchant NL, Lutz A, Poisnel G, Chételat G, Collette F
(2019): The impact of meditation on healthy ageing - The current state
of knowledge and a roadmap to future directions. Curr Opin Psychol
28:223–228.

46. Marchant NL, Barnhofer T, Klimecki OM, Poisnel G, Lutz A, Arenaza-
Urquijo E, et al. (2018): The SCD-Well randomized controlled trial:
Effects of a mindfulness-based intervention versus health education
on mental health in patients with subjective cognitive decline (SCD).
Alzheimers Dement 4:737–745.

47. Poisnel G, Arenaza-Urquijo E, Collette F, Klimecki OM, Marchant NL,
Wirth M, et al. (2018): The Age-Well randomized controlled trial of the
Medit-Ageing European project: Effect of meditation or foreign lan-
guage training on brain and mental health in older adults. Alzheimers
Dement 4:714–723.

48. Chételat G, Lutz A, Arenaza-Urquijo E, Collette F, Klimecki O,
Marchant N (2018): Why could meditation practice help promote
mental health and well-being in aging? Alzheimers Res Ther 10:57.

49. Visted E, Vøllestad J, Nielsen MB, Nielsen GH (2015): The impact of
group-based mindfulness training on self-reported mindfulness: A
systematic review and meta-analysis. Mindfulness 6:501–522.
138 Biological Psychiatry: Global Open Science January 2023; 3:130–
50. Goldberg SB, Wielgosz J, Dahl C, Schuyler B, MacCoon DS,
Rosenkranz M, et al. (2016): Does the Five Facet Mindfulness Ques-
tionnaire measure what we think it does? Construct validity evidence
from an active controlled randomized clinical trial. Psychol Assess
28:1009–1014.

51. Van Dam NT, van Vugt MK, Vago DR, Schmalzl L, Saron CD,
Olendzki A, et al. (2018): Mind the hype: A critical evaluation and
prescriptive agenda for research on mindfulness and meditation.
Perspect Psycholog Sci 13:36–61.

52. Bergomi C, Tschacher W, Kupper Z (2013): The assessment of
mindfulness with self-report measures: Existing scales and open is-
sues. Mindfulness 4:191–202.

53. Baer RA, Smith GT, Lykins E, Button D, Krietemeyer J, Sauer S, et al.
(2008): Construct validity of the five facet mindfulness questionnaire in
meditating and nonmeditating samples. Assessment 15:329–342.

54. Hanley AW, de Vibe M, Solhaug I, Gonzalez-Pons K, Garland EL
(2019): Mindfulness training reduces neuroticism over a 6-year longi-
tudinal randomized control trial in Norwegian medical and psychology
students. J Res Pers 82:103859.

55. Barnes DE, Yaffe K, Byers AL, McCormick M, Schaefer C, Whitmer RA
(2012): Midlife vs late-life depressive symptoms and risk of dementia:
Differential effects for Alzheimer disease and vascular dementia. Arch
Gen Psychiatry 69:493–498.

56. Gimson A, Schlosser M, Huntley JD, Marchant NL (2018): Support for
midlife anxiety diagnosis as an independent risk factor for dementia: A
systematic review. BMJ Open 8:e019399.

57. Pietrzak RH, Lim YY, Neumeister A, Ames D, Ellis KA, Harrington K,
et al. (2015): Amyloid-b, anxiety, and cognitive decline in preclinical
Alzheimer disease: A multicenter, prospective cohort study. JAMA
Psychiatry 72:284–291.

58. Schultz SA, Gordon BA, Mishra S, Su Y, Morris JC, Ances BM, et al.
(2020): Association between personality and tau-PET binding in
cognitively normal older adults. Brain Imaging Behav 14:2122–2131.

59. Iturria-Medina Y, Sotero RC, Toussaint PJ, Mateos-Pérez JM,
Evans AC (2016): Early role of vascular dysregulation on late-onset
Alzheimer’s disease based on multifactorial data-driven analysis. Nat
Commun 7:11934.

60. Köbe T, Gonneaud J, Pichet Binette A, Meyer P-F, McSweeney M,
Rosa-Neto P, et al. (2020): Association of vascular risk factors with b-
amyloid peptide and tau burdens in cognitively unimpaired individuals
and its interaction with vascular medication use. JAMA Netw Open 3:
e1920780.

61. Sala M, Rochefort C, Lui PP, Baldwin AS (2020): Trait mindfulness
and health behaviours: A meta-analysis. Health Psychol Rev 14:345–
393.

62. Black DS, Slavich GM (2016): Mindfulness meditation and the immune
system: A systematic review of randomized controlled trials. Ann N Y
Acad Sci 1373:13–24.

63. Villalba DK, Lindsay EK, Marsland AL, Greco CM, Young S,
Brown KW, et al. (2019): Mindfulness training and systemic low-grade
inflammation in stressed community adults: Evidence from two ran-
domized controlled trials. PLoS One 14:e0219120.

64. Matousek RH, Dobkin PL, Pruessner J (2010): Cortisol as a marker for
improvement in mindfulness-based stress reduction. Complement
Ther Clin Pract 16:13–19.

65. Epel E, Daubenmier J, Moskowitz JT, Folkman S, Blackburn E (2009):
Can meditation slow rate of cellular aging? Cognitive stress, mind-
fulness, and telomeres. Ann N Y Acad Sci 1172:34–53.

66. Kinney JW, Bemiller SM, Murtishaw AS, Leisgang AM, Salazar AM,
Lamb BT (2018): Inflammation as a central mechanism in Alzheimer’s
disease. Alzheimers Dement 4:575–590.

67. Gil-Bea FJ, Aisa B, Solomon A, Solas M, del Carmen Mugueta M,
Winblad B, et al. (2010): HPA axis dysregulation associated to apoli-
poprotein E4 genotype in Alzheimer’s disease. J Alzheimers Dis
22:829–838.

68. Labzin LI, Heneka MT, Latz E (2018): Innate immunity and neuro-
degeneration. Annu Rev Med 69:437–449.

69. Fani L, Hilal S, Sedaghat S, Broer L, Licher S, Arp PP, et al. (2020):
Telomere length and the risk of Alzheimer’s disease: The Rotterdam
Study. J Alzheimers Dis 73:707–714.
138 www.sobp.org/GOS

http://refhub.elsevier.com/S2667-1743(22)00005-2/sref32
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref32
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref32
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref33
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref33
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref33
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref34
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref34
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref34
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref34
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref35
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref35
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref35
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref36
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref36
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref36
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref37
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref37
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref37
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref38
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref38
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref38
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref38
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref39
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref39
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref39
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref40
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref40
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref40
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref40
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref40
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref41
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref41
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref41
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref41
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref42
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref42
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref42
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref42
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref43
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref43
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref43
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref43
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref43
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref44
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref44
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref44
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref45
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref45
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref45
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref46
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref46
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref46
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref46
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref47
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref47
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref47
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref47
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref47
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref48
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref48
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref48
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref48
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref48
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref49
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref49
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref49
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref50
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref50
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref50
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref51
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref51
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref51
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref51
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref51
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref52
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref52
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref52
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref52
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref53
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref53
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref53
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref54
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref54
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref54
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref55
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref55
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref55
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref55
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref56
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref56
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref56
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref56
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref57
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref57
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref57
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref58
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref58
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref58
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref58
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref59
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref59
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref59
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref60
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref60
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref60
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref60
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref61
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref61
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref61
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref61
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref61
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref62
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref62
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref62
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref63
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref63
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref63
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref64
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref64
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref64
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref64
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref65
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref65
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref65
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref66
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref66
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref66
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref67
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref67
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref67
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref68
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref68
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref68
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref68
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref69
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref69
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref70
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref70
http://refhub.elsevier.com/S2667-1743(22)00005-2/sref70
http://www.sobp.org/GOS

	Trait Mindfulness Is Associated With Less Amyloid, Tau, and Cognitive Decline in Individuals at Risk for Alzheimer’s Disease
	Methods and Materials
	Participants and Study Design
	Mindfulness
	Cognition
	Neuroimaging Measures
	Image Acquisition

	Statistical Analysis
	Primary Analyses
	Complementary Analyses

	Standard Protocol Approvals, Registrations, and Patient Consents
	Data Availability

	Results
	PLS Analyses
	Longitudinal Cognition
	Amyloid-β
	Tau

	Complementary Analyses

	Discussion
	References


