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Abstract.

Background: The current lack of an effective cure for dementia would exacerbate its prevalence and incidence globally.
Growing evidence has linked mindfulness to cognitive and psychological improvements that could be relevant for mild
cognitive impairment (MCI).

Objective: To investigate whether mindfulness practice can improve health outcomes of MCI.

Methods: The study is the first longitudinal mixed-methods observational study with a one-year follow-up period, that cus-
tomized an eight-week group-based mindfulness training program for older adults with MCI (n =14). Measures included
cognitive function, psychological health, trait mindfulness, adherence to mindfulness practice, and everyday activities func-
tioning as assessed at pre-intervention, post-intervention, and one-year follow-up. Repeated measures ANOVAs, Pearson’s
correlation analyses, and Mann-Whitney U tests were performed.

Results: The MCI participants showed significant improvements in cognitive function (p <0.05) and trait mindfulness
(p<0.05) after completing the intervention. Between program intervention and one-year follow-up (59 weeks), positive
correlations were found between their cognitive function (p <0.05) and everyday activities functioning (p <0.05) with the
duration of mindfulness meditation; and between trait mindfulness and the level of informal mindfulness practice (p <0.05).
Those who meditated more during these 59 weeks, showed greater improvements in cognitive function (p < 0.05) and everyday
activities functioning (p <0.05), with large effect sizes at the one-year follow-up. Qualitative findings will be reported
separately.

Conclusion: Long-term mindfulness practice may be associated with cognitive and functional improvements for older adults
with MCI. Mindfulness training could be a potential efficacious non-pharmacological therapeutic intervention for MCI.

Keywords: Activities of daily living, Alzheimer’s disease, anxiety, cognition, dementia, depression, meditation, mild cognitive
impairment, mindfulness

INTRODUCTION increases as people live longer. The World Health

Organization (WHO) recently reported that globally,

Against the global backdrop of population aging
and medical care advances, the risk of developing
neurodegenerative diseases such as dementia
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approximately 47 million people have dementia,
with an annual incidence of 10 million new cases
and a projected increase to almost 75 million people
in 2030 and 132 million people by 2050 [1]. The
estimated total global cost associated with dementia
in 2015 was US$818 billion, which was equivalent
to 1.1% of the worldwide gross domestic product
(GDP) [1]. Consequently, the burden of dementia
costs and care cast a ripple effect across the spectrum
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of the patients, families, caregivers, healthcare
resources, health systems, society and economy.
This public health priority is exacerbated by no
current effective cure for dementia or treatment that
would alter its progressive trajectory.

Alzheimer’s disease (AD) may constitute about
60% to 70% of dementia cases as the most com-
mon form/cause of dementia [1], while mild cognitive
impairment (MCI) can be considered as a prodro-
mal stage of AD. The adjusted annual conversion
rate from Mayo defined MCI to AD was 8.1% in
specialist clinical settings, and 6.8% in community
studies [2]. The symptomatic sub-clinical MCI phase
can be considered a timely window where an early
non-pharmacological therapeutic intervention such
as mindfulness could be implemented.

Mindfulness involves developing awareness
through paying attention to the unfolding of ongoing
experience in the present moment, purposefully
and non-judgmentally [3]. Common types of
mindfulness-based interventions (MBIs) encompass
the mindfulness-based stress reduction (MBSR) pro-
gram, mindfulness-based cognitive therapy (MBCT)
specifically adapted for depression as well as forms
of meditation like Zen and Vipassana (insight) medi-
tations. Mindfulness practices may be categorized in
terms of formal practice which involves mindfulness
meditation that could incorporate techniques such
as ‘body scan’ and ‘breath’, and informal practice
which basically extends the awareness cultivated
during formal practice into everyday activities
and daily experiences such as eating, walking and
communicating mindfully. In short, mindfulness
is an attentional stance and a way of living, while
meditation is a method of training mindfulness.

In recent years, a small but growing evidence
base has shown the positive effects of mind-
fulness/meditation on healthy, aged and clinical
populations including people with neurodegenera-
tive conditions. Short-term mindfulness training may
potentially produce positive effects for meditation-
naive participants: cognition, mindfulness and
anxiety of randomly assigned young participants
improved after four days of mindfulness training
[4]; attention, anxiety and depression improved after
five days of meditation/mindfulness training [5];
and cognitive function, mindfulness and depressive
symptoms improved after a 10-day intensive mind-
fulness retreat [6]. However, the findings may not
be generalizable to the wider population due to the
relatively small sample sizes in these studies. Inter-
estingly, older long-term mindfulness practitioners

were found to perform better than the young control
group in attentional processing, suggesting that age-
related attentional deficits in trained older adults may
be offset [7]. Likewise, mindfulness may contribute
to a slower decline in fluid intelligence and brain
functional architecture, as observed in aged yoga
and mindfulness practitioners [8]. The exploratory
evidence of the potential beneficial effects of medi-
tation in counteracting age-related cognitive decline
suggests the promising feasibility of meditation
interventions for older adults [9]. Like memory
enhancement training (MET), yoga increased MCI
participants’ neural connectivity in relation to mem-
ory performance, but it also yielded a broader benefit
of improved mood [10].

Notably, one of the earliest reliable indicators of
MCI and AD and a long-term predictor of conversion
from MCI to AD, was evident in the hippocampal
volume loss or atrophy implicated in memory and
cognitive decline [11-13]. By contrast, larger brain
and hippocampal volumes could have a neuropro-
tective effect in preserving the cognitive function of
elderly individuals, despite having substantial AD
pathology [14]. Several magnetic resonance imag-
ing (MRI) studies demonstrated the pre-post effects
of the eight-week MBSR intervention on increasing
the gray matter concentration within the left hip-
pocampus of meditation-naive participants [15], and
the functional connectivity between the posterior cin-
gulate cortex and bilateral medial prefrontal cortex
and left hippocampus of MCI participants [16]. These
preliminary neuroimaging findings elucidate the pos-
sible impact of mindfulness practice in modulating
neurological structure of the hippocampus that would
result in better cognitive function and mental capac-
ity. Additionally, cross-sectional MRI studies found
hippocampal advantages in experienced mindfulness
meditators, compared with controls, such as higher
gray matter concentration [17], larger hippocampal
volume [18, 19], and reduced age-related atrophy of
the left hippocampal subiculum [20, 21]. However,
the causal inference of mindfulness leading to these
hippocampal benefits may not be made since these
meditators’ long-term practice might be attributed
to other factors such as personal traits, lifestyle and
socioeconomic status.

High chronic psychological distress has been
shown to be associated with a 40% greater risk
of developing MCI, and to be linked to poorer
performance in multiple cognitive functions, particu-
larly episodic memory, and faster cognitive decline
[22]. Moreover, high proneness to psychological
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distress doubled the risk of developing AD due
to a ten-fold increase in episodic memory decline
[23]. This may be attributed to the burden of
prolonged stress and chronic activation of the sym-
pathetic nervous system, adding an allostatic load
with the resulting high cortisol secretion and pro-
inflammatory effect leading to atrophy of brain nerve
cells, particularly in the hippocampus [24]. However,
enlargement of amygdala and atrophy of prefrontal
cortex as implicated in psychiatric illnesses such as
major depression and mood/anxiety disorders, could
be ameliorated with timely therapeutic interventions
[24]. Following the eight-week MBSR program, pos-
itive correlations were found between participants’
perceived stress reductions and decrease of gray mat-
ter density in the right amygdala [25], and between
meditation-naive participants’ psychological well-
being and brainstem gray matter concentration [26].
These findings suggest the potential neuroprotec-
tive benefits of mindfulness that are corresponded
by altered brain morphology and emotion regula-
tion. Notably in a study involving participants with
AD, MCI and other diagnoses of cognitive impair-
ment, their depression and quality of life improved
after completing an eight-week mindfulness program
[27]. Mindfulness was shown to reduce the default
mental activity of mind-wandering, worry and rumi-
nation [28-30] that has been associated with AD [31]
and amyloid-3 (AB) deposition [32], by increasing
self-monitoring and cognitive control [28]. However,
these studies lack an active control group and a
longer follow-up to measure the long-term effects
of mindfulness practice on psychological health.
On the contrary, stronger evidence from random-
ized controlled trials (RCTs) found that compared
with the music listening control group, participants
with subjective cognitive decline (SCD) who prac-
ticed Kirtan Kriya (KK) meditation, showed greater
improvements in perceived stress and mood at 12
and 26 weeks [33]; and that relative to the MET
control group, MCI participants who practiced Kun-
dalini yoga showed better depressive symptoms and
resilience at 12 weeks [34].

The MBIs used in recent studies involving partic-
ipants with MCI and dementia were not customized
to their specific needs and health outcomes [35-37].
Despite using the quality study design of a RCT
[35, 37], the sample sizes in these studies were
small without longer follow-up period. Moreover,
meaningful interpretation may be restricted by small
sample sizes of participants with heterogenous diag-
noses of cognitive impairment [27] or at different

stages of dementia [36]. Next, emphasizing informal
mindfulness practice, that is being attentive in doing
the activity at hand and open to the ongoing experi-
ence in the present moment may potentially enhance
MCI individuals’ awareness and cognitive stimula-
tion outside of the formal practice of meditation
sessions, and improve their activities of daily living
(ADL) functioning. However, past studies have not
adequately examined the relationship between infor-
mal mindfulness practice and MCI participants’ ADL
functioning which becomes progressively impaired
when MCI is converted to AD. The present study
is the first longitudinal mixed-methods observa-
tional study that investigates the long-term effects of
MCI participants’ mindfulness practices after attend-
ing a customized eight-week mindfulness training
program, incorporating both formal and informal
mindfulness practices, with support from a famil-
iar support person (FSP) and the research team, on
various health outcomes after the program and in a
one-year follow-up.

The aims of the study were to investigate: (1)
whether mindfulness practices can improve health
outcomes of older adults with MCI, specifically
cognitive function, psychological health (depression,
anxiety and stress), mindfulness and ADL function-
ing; (2) whether the degree of any improvement in
these health outcomes varies with the duration/ level
of formal and informal mindfulness practices; (3)
how much of any observed improvement is due to
formal practice and how much is due to informal
practice; and (4) whether these improvements were
maintained over a one-year follow-up period [38].

METHODS

Study design

This observational study was an exploratory,
mixed-methods,  non-randomized longitudinal
clinical research project incorporating pre-/post-
intervention design. A detailed description of the
study protocol has been previously published [38].
The current paper presents the study’s quantitative
data and findings. Qualitative findings will be
reported separately. Persons with a clinical diagnosis
of MCI given by treating health professionals
received an eight-week Mindfulness for MCI
program intervention that was developed at Monash
University as a part of this study. A follow-up assess-
ment was conducted one year after the program
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to measure the effects of long-term mindfulness
practices on older adults with MCI.

FParticipants

The MCI participants fulfilled the following study
eligibility criteria. The inclusion criteria were:

e Clinical diagnosis of MCI;

e Must be able to give informed consent to partic-
ipate by signing the Consent Form; and

e At least 60 years old.

The exclusion criteria were:

e Currentactive or past significant experience with
meditation or yoga;

e Current use of prescribed cognitive intervention
or electromagnetic stimulation;

e Acquired/traumatic brain injury;

e Started new neurological/psychoactive medica-
tion within 3 months prior to the first data
collection session;

e Current intake of drugs that significantly alter
cognition;

e Illicit drug or alcohol abuse or dependence
within the previous 5 years;

e Current intake of cholinesterase inhibitors;

e Current severe psychiatric condition; or neu-
rological/cerebrovascular condition; or chronic
medical condition that requires intensive med-
ical treatment and monitoring; or advanced
cognitive decline;

e Major impairments in eyesight, hearing or upper
limb motor movements; or

e English language difficulties.

Recruitment

The MCI participants were recruited through
the Cognitive, Dementia and Memory Services
(CDAMS), specialist and General Practice (GP) clin-
ics, Alzheimer’s Australia Victoria (recently renamed
as Dementia Australia), and the general commu-
nity that responded to advertisements of the study in
local newspapers, social media and Monash Univer-
sity. All MCI participants provided voluntary written
informed consent to participate, in the presence of
a FSP who must be a family member above the
age of 18 years old, with no English language dif-
ficulties. The FSP confirmed the MCI participant’s
capacity for informed consent, supported his/her par-
ticipation, and provided information about his/her

functional abilities, and demographic, health and
lifestyle details.

Intervention

The intervention was a mindfulness training pro-
gram that involved the MCI participants (where
possible, accompanied by a FSP) attending a 1.5-
hour group session, once weekly for eight weeks. In
addition to the standard care that the MCI participants
received from their own treating health professionals,
all except one satisfactorily completed the interven-
tion (attended at least six out of the eight weekly
sessions). The program was conducted at two dif-
ferent inner suburbs of Melbourne, Australia which
were chosen for their proximity to the two CDAMS
that referred their clients for this study. All MCI par-
ticipants and FSPs were each given a mindfulness
training program manual, a compact disc contain-
ing audio recordings of guided mindfulness practices
to support them with their home mindfulness med-
itation practice, and an AU$50 gift card to each
dyad to compensate for their travel costs. The FSPs
were encouraged to use the resources and practice
mindfulness with their MCI participant as a show of
support.

The intervention was customized to cater to the
needs, health outcomes and level of understanding
of older adults with MCI and guided by experi-
enced mindfulness facilitators Craig Hassed (CH)
and Richard Chambers (RC). The program attendees
were taught both formal and informal mindfulness
practices. The formal practice involves using specific
techniques such as ‘body scan’ and ‘breath’ medita-
tions to observe and maintain attention on the object
of meditation without judgment and reactivity amidst
any distractions of wandering thoughts or uncomfort-
able emotions, and ‘loving-kindness’ meditation to
cultivate goodwill and kindness towards all beings,
including oneself [39]. The informal practice involves
extending such attentiveness and awareness to every-
day activities such as mindful eating and walking,
and doing mental exercises such as reading and solv-
ing puzzles. The program content also included the
applications of mindfulness relevant to older adults
with MCI such as attention and memory, ADL func-
tioning, psychological health, emotion management,
learning, mental flexibility and problem solving, and
sleep. The MCI participants recorded their mind-
fulness meditation in minutes on their own or with
assistance from their FSP, and rated their informal
mindfulness level (hardly at all, sometimes, often,
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most of the time), on the practice record forms across
the duration of program intervention and one-year
follow-up. Researcher Wee Ping Wong (WW) was
present at every weekly program session to record
participant attendance and collect practice record
forms and observational data; and contact the MCI
participants and FSPs by email or phone to follow up
the participants’ mindfulness practice progress.

Data collection

This mixed-methods study involves the collec-
tion and analyses of quantitative data from cognitive
assessment and questionnaires/scales and qualitative
data collected through semi-structured interviews,
participant observation and follow-up phone calls.
Data were collected about two weeks from the three
time points: pre-intervention (T1), post-intervention
(T2) and one-year follow-up (T3).

Quantitative data

The primary outcome variable was the change in
the MCI participants’ cognitive function assessed
by the Montreal Cognitive Assessment (MoCA).
The MoCA measures eight cognitive domains:
visuospatial/executive, naming, memory, attention,
language, abstraction, delayed recall, and orienta-
tion over time [40]. The MoCA was administered
by researcher (WW) during the three data collection
sessions.

The secondary outcome variables measured at T1,
T2, and T3 were changes in the MCI participants’
psychological health as measured by the 21-item
Depression Anxiety Stress Scales (DASS-21) [41],
trait mindfulness as measured by the 14-item Freiburg
Mindfulness Inventory (FMI) [42], and adherence
to formal and informal mindfulness practices as
measured by the 12-item Mindfulness Adherence
Questionnaire (MAQ) [38] specifically designed for
this study. In addition, the 25-item Bayer Activities
of Daily Living Scale (B-ADL) [43, 44], and the
Demographic, Health and Lifestyle (DHL) question-
naire [38] adapted from several related questionnaires
[45—49] for this study, were completed by the FSPs
who provided information about their MCI partici-
pantat T1, T2, and T3. FSPs who could not attend the
second and/or third data collection sessions together
with their MCI participant, returned the completed
B-ADLs and DHL questionnaires using reply paid
return envelopes.

Quantitative data analyses

To investigate whether mindfulness practices
improve the MCI participants’ outcome measures at
the three time points, one-way repeated measures
analyses of variance (ANOVAs) were conducted to
measure the effects of mindfulness practices on each
of the dependent variables, namely cognitive func-
tion, depression, anxiety, stress, trait mindfulness,
informal mindfulness adherence and ADL function-
ing at T1, T2, and T3, with an experiment-wise
error rate of 0.05. Post-hoc tests using Bonferroni
confidence interval adjustment were conducted to
establish which pair of time points was signifi-
cantly different for each dependent variable for which
the ANOVA yielded a significant effect. Given the
exploratory nature of the study with a very small
sample size, a nominal error rate of 0.05 instead of
the Bonferroni-adjusted Type I error rate 0.007 was
used to identify any trends to guide further research
investigations with a much larger sample. It was also
due to these constraints that multivariate analysis of
variance was not used.

To examine whether the degree to which any
improvement in the outcome measures varies with
the duration/level of formal and informal mindfulness
practices, Pearson product-moment correlation coef-
ficient analyses were conducted to investigate any
relationship between the score improvement in each
of these outcome measures with the average weekly
length of mindfulness meditation (in minutes),
and with the average weekly informal mindfulness
practice rating at T1, T2, and T3.

Additionally, Mann-Whitney U tests were con-
ducted to examine differences between MCI
participants who practiced below and above the
average weekly length of mindfulness meditation
(formal practice), as well as between those who rated
below and above the average weekly informal mind-
fulness level. Only study data that were collected
from MCI participants who satisfactorily completed
the intervention, were analyzed for meaningful data
interpretation. The time intervals for data analyses
between T1 and T2, between T2 and T3 and between
T1 and T3 were seven weeks, 52 weeks, and 59
weeks, respectively.

Ethical clearance, trial registration, participant
consent

This study was approved by the Melbourne Health
Human Research Ethics Committee (Project number:
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HREC/14/MH/324), and conducted in accord with
the National Statement on Ethical Conduct in Human
Research (2007). The study was registered with the
Australian New Zealand Clinical Trials Registry on
1 August 2014 (Trial ID: ACTRN12614000820606).
All MCI participants and FSPs provided written
informed consent prior to study involvement.

RESULTS

A total of 14 MCI participants were initially
recruited into the observational study. However, one
of them dropped out after attending the first mind-
fulness training session. Thirteen MCI participants
satisfactorily completed the intervention and con-
tributed to T1 and T2 study data. The demographic
characteristics of the 13 MCI participants are pre-
sented in Table 1. As one MCI participant later
withdrew her participation a few months after com-
pleting the intervention, T3 study data were collected
from the remaining 12 MCI participants only. In
short, data at all three time points were available
for only 12 MCI participants. The MAQ — Formal
data relating to the MCI participants’ adherence to
formal mindfulness practice were unavailable for pre-
intervention analyses at T1 as they only learnt and
practiced mindfulness meditation after they started
the program intervention. There were no adverse
events reported in relation to the study protocol.

Table 1
Demographic characteristics of MCI participants

Demographic characteristics of MCI participants (n = 13)
Gender

Female, % (n) 61.5% (8)

Male, % (n) 38.5% (5)
Age,y

Mean (SD) 76.5 (6.7)
Age range

60-69, % (n) 23.1% (3)

70-79, % (n) 38.5% (5)

80-89, % (n) 38.5% (5)
Highest education level

Secondary school, % (n) 30.8% (4)

Diploma, % (n) 15.4% (2)

Bachelor degree, % (n) 23.1% (3)

Postgraduate, % (n) 30.8% (4)

Current smoker
% (n) 0% (0)
Marital status

Married, % (n) 61.5% (8)
Divorced, % (n) 15.4% (2)
Widowed, % (n) 23.1% (3)

The table shows the demographic characteristics of the 13
MCI participants who satisfactorily completed the inter-
vention.

Effects of mindfulness practices on outcome
measures over time, repeated measures ANOVAs

One-way repeated measures ANOVAs were con-
ducted to compare scores on the MoCA, DASS-21,
FMI, MAQ - Informal, and B-ADL over time
at T1, T2, and T3. The descriptive statistics are
presented in Table 2. The effects of doing mindful-
ness practices for 7 weeks during the intervention
period, on the MCI participants’ cognitive function
and trait mindfulness were statistically significant.
Cognitive function as measured by MoCA signif-
icantly improved over time (p=0.03), and showed
a very large effect size (multivariate partial eta
squared = 0.52) [50]. Based on pairwise comparisons,
there was a mean increase of 1.83 MoCA points
(»p=0.04) in cognitive function after attending the
mindfulness training program and doing mindfulness
practices for 7 weeks. Trait mindfulness as measured
by FMI significantly increased over time (p=0.01),
and showed a very large effect size (multivariate par-
tial eta squared=0.58) [50]. Pairwise comparisons
showed a mean increase of 3.75 FMI points (p =0.02)
in trait mindfulness after doing mindfulness practices
for the same duration of 7 weeks. Table 3 shows the
repeated measures ANOVA on the MCI participants’
outcome measures at all three time points.

Relationships between improvements in outcome
measures and duration/level of mindfulness
practices, Pearson’s correlations

The linear associations between the amount of
improvements in each of the scores of MoCA, DASS-
21, FMI, MAQ - Informal, and B-ADL at T1, T2,
and T3 and average weekly length of mindfulness
meditation (in minutes), and average weekly informal
mindfulness practice rating (hardly at all, some-
times, often, most of the time) were investigated
using Pearson product-moment correlation coeffi-
cient analyses. A significant negative correlation
between post-intervention improvement in cognitive
function and average weekly informal mindfulness
practice rating over 7 weeks between T1 and T2 was
observed at T2 (p =0.02) (Table 4).

Additionally, the only significant positive corre-
lations observed at T3 after the MCI participants
attended the program and practiced mindfulness for
59 weeks were between (1) overall improvement
in cognitive function and average weekly length
of mindfulness meditation (p=0.045); (2) overall
improvement in trait mindfulness and average weekly
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Table 2
Descriptive statistics for scores on the MoCA, DASS-21, FMI, MAQ - Informal and B-ADL for T1, T2, and T3
Tl T2 T3

Outcome measure n Mean Standard n Mean Standard n Mean Standard

deviation deviation deviation
MoCA 12 24.00 3.16 12 25.83 3.04 12 24.75 3.75
DASS -D 12 4.42 3.06 12 3.25 2.60 12 3.33 2.71
DASS - A 12 2.92 2.23 12 242 1.78 12 2.75 2.14
DASS -S 12 5.42 2.75 12 5.00 1.76 12 5.17 3.10
FMI 12 39.25 5.69 12 43.00 4.84 12 42.33 7.11
MAQ - Informal 12 19.00 6.19 12 21.42 3.97 12 20.00 4.63
B-ADL 12 2.57 0.74 12 2.29 0.70 12 3.00 1.10

The table shows the descriptive statistics for scores on the respective outcome measures of the remaining 12 MCI participants for all three time
points. MoCA, Montreal Cognitive Assessment; DASS-21, 21-item Depression Anxiety Stress Scales; FMI, Freiburg Mindfulness Inventory;
MAQ, Mindfulness Adherence Questionnaire; B-ADL, Bayer Activities of Daily Living Scale; T1, Pre-intervention; T2, Post-intervention;
T3, One-year follow-up; DASS — D, DASS — Depression; DASS — A, DASS — Anxiety; DASS - S, DASS - Stress.

Table 3
Repeated measures ANOVAs on 12 MCI participants’ outcome measures at three time points
Outcome measure F Hypothesis df ~ Errordf  p-value Mauchly’s test Pairwise Pairwise
of sphericity comparisons comparisons
Sig. (Greenhouse- Mean difference Mean difference
Geisser Sig.) between T2 and T1 ~ between T3 and T1
(p-value) (p-value)
MoCA 5.38 2 10 0.03* 0.37 1.83 (0.04*) 0.75 (0.80)
DASS - Depression  1.33 2 10 0.31 0.74 -1.17 (0.61) -1.08 (0.54)
DASS - Anxiety 0.26 2 10 0.78 0.56 —0.50 (1.00) —0.17 (1.00)
DASS — Stress 0.37 2 10 0.70 0.051 —-0.42 (1.00) —-0.25 (1.00)
FMI 6.86 2 10 0.01%* 0.44 3.75 (0.02%) 3.08 (0.10)
MAQ - Informal 4.56 2 10 0.04 0.01" (0.21) 2.42(0.31) 1.00 (1.00)
B-ADL 2.31 2 10 0.15 0.04" (0.15) -0.28 (0.47) 0.41 (0.93)

The table shows the analyses of variance for repeated measures on the 12 MCI participants in which significant differences were observed in
their cognitive function and trait mindfulness between T1 and T2 (p <0.05). " indicates the violation of the assumption of sphericity (p <0.05).
As the Greenhouse-Geisser p-value of MAQ — Informal is more than 0.05, the difference observed in MAQ — Informal is not considered as
significant. *p < 0.05; n=12; ANOVA, Analysis of variance; df, Degrees of freedom; T1, Pre-intervention; T2, Post-intervention; T3, One-
year follow-up; MoCA, Montreal Cognitive Assessment; DASS, Depression Anxiety Stress Scales; FMI, Freiburg Mindfulness Inventory;
MAQ, Mindfulness Adherence Questionnaire; B-ADL, Bayer Activities of Daily Living Scale.

informal mindfulness practice rating (p =0.02); and
(3) overall improvement in ADL functioning and
average weekly length of mindfulness meditation
(p=0.04), between T1 and T3 (Table 5).

Effects of duration/level of mindfulness practices
on improvements in outcome measures,
Mann-Whitney U tests

Mann-Whitney U tests revealed statistically sig-
nificant differences at various time points in the
improvements in cognitive function, formal mindful-
ness adherence and ADL functioning for the MCI
participants who practiced above the average weekly
length of mindfulness meditation. First, there was
greater cognitive function improvement between T1
and T3 for the group that practiced above the average
weekly length of mindfulness meditation (p =0.02),
with a large effect size (r=0.69) [50], compared with

the group that practiced below the average dura-
tion. Second, there was also greater improvement
in formal mindfulness adherence between T2 and
T3 for the group that practiced above the average
weekly length of mindfulness meditation (p =0.04),
with a large effect size (r=0.61) [50], compared with
the group that practiced below the average duration.
Third, there was greater ADL functioning improve-
ment between T1 and T3 for the group that practiced
above the average weekly length of mindfulness med-
itation (p=0.04), with a large effect size (r=0.60)
[50], compared with the group that practiced below
the average duration.

Additionally, Mann-Whitney U test also found
greater trait mindfulness improvement between T1
and T3 for the group that rated above the average
weekly informal mindfulness level (p =0.02), with a
large effect size (r=0.68) [50], compared with the
group that rated below the average level.
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Table 4
Pearson product-moment correlations between improvements in outcome measures and mindfulness practices at T2
Improvements in outcome measures at T2 T2 -TI T2 -TI
7-week average weekly 7-week average weekly
length of mindfulness informal mindfulness
meditation (in minutes) practice rating
Pearson correlation r Pearson correlation r
(p-value) (p-value)

Post-intervention improvement in cognitive 0.12 (0.71) —-0.65 (0.02%)
function (MoCA)

Post-intervention improvement in depression —-0.01 (0.99) —0.06 (0.84)
(DASS — Depression)

Post-intervention improvement in anxiety 0.29 (0.34) -0.29 (0.34)
(DASS - Anxiety)

Post-intervention improvement in stress (DASS 0.47 (0.10) -0.12 (0.70)
— Stress)

Post-intervention improvement in trait 0.03 (0.92) 0.47 (0.10)
mindfulness (FMI)

Post-intervention improvement in informal 0.01 (0.96) -0.28 (0.36)
mindfulness adherence (MAQ — Informal)

Post-intervention improvement in ADL 0.51 (0.08) -0.03 (0.94)

functioning (B-ADL)
The table shows the correlations between improvements in outcome measures and mindfulness practices at T2.
The only significant negative correlation was between post-intervention improvement in cognitive function and
average weekly informal mindfulness practice rating over 7 weeks between T1 and T2. *p < 0.05; n=13; T2, Post-
intervention; MoCA, Montreal Cognitive Assessment; DASS, Depression Anxiety Stress Scales; FMI, Freiburg
Mindfulness Inventory; MAQ, Mindfulness Adherence Questionnaire; B-ADL, Bayer Activities of Daily Living

Scale.
Table 5
Pearson product-moment correlations between improvements in outcome measures and mindfulness practices for 59 weeks
Overall Improvements in outcome measures between T1 and T3 T3-TIl T3-T1l
Average weekly length of Average weekly informal
mindfulness meditation mindfulness practice
(in minutes) rating
Pearson correlation r Pearson correlation r
(p-value) (p-value)
Overall improvement in cognitive function (MoCA) 0.59 (0.045%) —-0.05 (0.88)
Overall improvement in depression (DASS — Depression) -0.17 (0.61) 0.11 (0.73)
Overall improvement in anxiety (DASS — Anxiety) 0.19 (0.56) —-0.20 (0.53)
Overall improvement in stress (DASS — Stress) -0.13 (0.70) 0.03 (0.94)
Overall improvement in trait mindfulness (FMI) 0.23 (0.48) 0.65 (0.02%)
Overall improvement in informal mindfulness adherence 0.30 (0.34) 0.06 (0.85)
(MAQ - Informal)
Overall improvement in ADL functioning (B-ADL) 0.59 (0.04%) —-0.06 (0.85)

The table shows the correlations between overall improvements in outcome measures and mindfulness practices at T3. The following
significant positive correlations were observed at T3 between (1) overall improvement in cognitive function and average weekly length
of mindfulness meditation; (2) overall improvement in trait mindfulness and average weekly informal mindfulness practice rating;
and (3) overall improvement in ADL functioning and average weekly length of mindfulness meditation, over 59 weeks between T1
and T3. *p < 0.05; n=12; T1, Pre-intervention; T3, One-year follow-up; MoCA, Montreal Cognitive Assessment; DASS, Depression
Anxiety Stress Scales; FMI, Freiburg Mindfulness Inventory; MAQ, Mindfulness Adherence Questionnaire; B-ADL, Bayer Activities
of Daily Living Scale.

DISCUSSION degree of improvements in these health outcomes

will correlate positively with the duration/level of the

The present study tested the following hypothe- MCI participants’ formal and informal mindfulness
ses: (1) Mindfulness practices will improve the practices.

health outcomes of MCI participants, specifically The MCI participants showed significant improve-

cognitive function, depression, anxiety, stress, trait ments in the measures of cognitive function and

mindfulness and ADL functioning; and (2) The trait mindfulness after completing the intervention.
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This positive finding of improved cognitive function
was similar to the findings of a lesser deterioration
in objective memory of older adults with MCI after
attending an eight-week MBI [37], of improved cog-
nition of elderly MCI individuals after a three-month
Mindful Awareness Practice (MAP) intervention [51]
and of improved memory and executive functioning
for MCI participants randomized to a three-month
Kundalini yoga intervention [34]. As expected, the
present finding of an increase in MCI participants’
self-reported mindfulness level after the program
intervention is consistent with those from other
studies [4, 6].

Next, positive changes in MCI participants’ cog-
nitive function and ADL functioning correlated
significantly with longer duration of formal prac-
tice of mindfulness meditation during the 59 weeks
between program intervention and one-year follow-
up, suggesting that the effects of mindfulness
acquired from meditations over time could be use-
fully applied to everyday activities. This may suggest
that those who persevered with their formal prac-
tice, may have potentially ameliorated the cognitive
and functional decline of their neurodegenerative
MCI condition at one-year follow-up. These find-
ings are consistent with previous studies that suggest
the ‘spill over’ of benefits gained from formal prac-
tice, to situations away from the ‘meditation cushion’.
Hodgins and Adair found that enhanced visual atten-
tional processing cultivated from regular meditation
extended outside the practitioners’ formal medi-
tation practice [52]. Notably, enduring increased
neural functional connectivity involved in cogni-
tive skills, was even observed in the non-meditative
(resting) states of experienced long-term meditators
[53].

Additionally, in the present study the MCI par-
ticipants’ trait mindfulness was strongly, positively
correlated with their rating of informal mindful-
ness practice during the 59 weeks between program
intervention and one-year follow-up. Moreover, the
participants who rated their informal mindfulness
practice higher than the average level over these 59
weeks, showed greater improvement in trait mind-
fulness at the one-year follow-up. These findings
seem to suggest a congruence between self-insight
of awareness in everyday activities and self-reported
mindfulness.

Unexpectedly, a strong, negative correlation was
found between the MCI participants’ cognitive func-
tion and their rating of informal mindfulness practice
at post-intervention after attending the mindfulness

training program. It is possible that the MCI partic-
ipants with better cognitive function were initially
more stringent and conservative in assessing their
own awareness level during everyday activities for
the first 7 weeks.

As hypothesized, MCI participants who meditated
above the average weekly length of mindfulness
meditation during the 59 weeks between program
intervention and one-year follow-up, showed greater
improvements in cognitive function and ADL func-
tioning at the one-year follow-up, compared with
those who meditated below the average duration.
Furthermore, those who practiced mindfulness med-
itation more than the average duration for 52 weeks
since completing the intervention, showed more for-
mal mindfulness adherence at the one-year follow-up.
While it might be argued that these participants’ cog-
nitive improvements could be attributed to repeated
testings, this appears unlikely as MoCA has a high
test-retest reliability [40]. Besides, since the par-
ticipants’ diagnosed cognitive impairment usually
implicates short-term memory loss in MCI, even if
they had prepared, practiced and memorized the cog-
nitive tasks in the MoCA prior to T2 and T3 data
collection sessions, improvements in their cognitive
function through better short-term memory may con-
tribute to higher MoCA scores. Moreover, this finding
of cognitive improvements was corroborated by the
FSPs’ assessment of their MCI participant’s func-
tional abilities, and those MCI participants who did
longer mindfulness meditations, seemed to reap the
benefits of greater cognitive and functional improve-
ments. Our findings appear comparable to other
studies involving participants with cognitive impair-
ments, for example, older adults with SCD who
practiced KK meditation, maintained their improved
memory function and cognitive performance at
six months [54]. Likewise, MCI participants who
practiced Kundalini yoga sustained their improved
executive functioning at six months, compared with
the MET control group [34]. Additionally, compared
with the cognitive stimulation group and progressive
muscle relaxation group, the cognitive function of
AD patients treated with donepezil stabilized after
maintaining mindfulness practice for two years, while
recognizing that the AD cognitive impairment of this
participant group was at a more advanced stage [55].
Taken together, the present study adds to the grow-
ing evidence that mindfulness practice is related to
cognitive function, rather than suggesting a causal
relationship that mindfulness practice leads to cogni-
tive improvement. Thus, further research is needed to
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determine if from the outset, older adults who could
do more mindfulness practices, were different from
those who did less, while adjusting for variables such
as age, gender, education, lifestyle, socio-economic
status and social/family support.

Contrary to findings from other studies [4, 6,
25, 33, 34], the psychological health outcome mea-
sures of depression, anxiety and stress did not
show any significant improvements in this study.
This may be due to some MCI participants fac-
ing difficult personal circumstances or distressing
situations recent to or on the day of the data col-
lection sessions during which such information was
not specifically collected. The MCI participants were
not extremely severely depressed, anxious or stressed
at T1 data collection session, thus it is useful that
the findings did not indicate a deterioration in psy-
chological health as a consequence of mindfulness
practices.

The study findings propose possible implications
for future Mindfulness for MCI programs to include
facilitated refresher sessions to reinforce the MCI
older adults’ understanding and memory of mind-
fulness knowledge, with an emphasis on formal
practice of mindfulness meditation, as well as to
encourage accountability of maintaining long-term
mindfulness practices. Where possible, half-yearly
health outcomes measurements can be taken to
provide feedback to the MCI older adults, and mini-
mize the impact of psychological fluctuations on the
outcome measures.

Study strengths

To our knowledge, the present study is the
first longitudinal mixed-methods research project
that customized a mindfulness program intervention
incorporating both formal and informal practices for
older adults with MCI, accompanied by their FSP
where possible, with a one-year follow-up. Unlike
other studies that recruited a mixture of participants
with different diagnoses or later stages of cogni-
tive impairment, this study specifically targeted older
adults with MCI as the MCI stage is considered a
timely therapeutic window when their cognitive abil-
ity may still allow learning and retention of new
knowledge/skills, and this sub-clinical patient group
may be more motivated to act to improve their
own health outcomes. The research team involved
the FSPs in data collection to obtain their perspec-
tive and assessment about their MCI participant;
and worked with the FSPs individually to monitor

the MCI participants’ progress for more than a
year to better evaluate the long-term effects of
mindfulness practices. The mixed-methods study
design enables analyses of qualitative data collected
from the semi-structured interviews, participant
observation and follow-up phone calls to supple-
ment the quantitative findings in adding value into
enhancing the quality of future Mindfulness for MCI
programs.

Study limitations

The major limitations of the study were the
extremely small sample size with no active control
group. While this was unavoidable because of the
availability of suitable participants, it necessitated the
use of data analysis procedures that were not ideal.
Multivariate analysis of variance and/or multiple
regression procedures would not have yielded stable
findings. Instead, multiple ANOVAs were used with
a nominal Type I error rate of 0.05. While this may
have increased the likelihood of higher experiment-
wise error rate, it was felt that, in an exploratory study
of this kind, the detection of possible trends was of
theoretical and practical importance. But Bonferroni
confidence interval adjustment was used to determine
any significant comparisons in the post-hoc tests fol-
lowing ANOVA. Given the small sample size and the
number of Bonferroni adjusted post-hoc tests con-
ducted, the statistically significant findings from the
repeated measures ANOVAs may only serve as an
indication of trends that need confirmation in future
research. We exercised caution in asserting strong
confirmation of our research hypotheses. The small
sample size should be recognized also as inadequate
for establishing stable correlations from which firm
conclusions are drawn.

In sum, statistically significant findings from the
study should be treated as indicators of what may
be true in the general MCI population. They require
follow-up confirmatory research. In this context,
however, it may be noted that most of the findings are
consistent with those from previous studies. Notwith-
standing, the study did not establish the plausible
mechanisms of action to explain any changes that
were observed.

Conclusions

Altogether, this observational study yielded fur-
ther evidence for the potential benefits of long-term
mindfulness practice as a feasible and efficacious
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non-pharmacological therapeutic intervention option
for older adults with MCI. The key findings of poten-
tial improvements in cognitive function and everyday
activities functioning associated with long-term
mindfulness practices may have clinical implications
of MCI older adults’ better self-management of this
neurodegenerative MCI condition, and practical rel-
evance of reducing the burden of care experienced by
their support person and family.

While the findings in this study were prelimi-
nary yet promising, they should be supplemented
with more data from future large longitudinal
RCTs involving a mindfulness training group and
an active matched control group such as physical
activity/exercise group. Biomarker measures can be
incorporated in future study designs to more objec-
tively investigate the neural mechanisms of action
and optimal dosing of mindfulness practices; and
compare how different interventions influence the
trajectory of MCI condition. More conclusive find-
ings could subsequently support the proposal of
the customized Mindfulness for MCI program at a
population-based level.
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