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Abstract

Background—Older adults with subjective cognitive decline (SCD) are at increased risk not
only for Alzheimer’s disease, but for poor mental health, impaired sleep, and diminished quality of
life (QOL), which in turn, contribute to further cognitive decline, highlighting the need for early
intervention.

Objective—In this randomized controlled trial, we assessed the effects of two 12-week relaxation
programs, Kirtan Kriya Meditation (KK) and music listening (ML), on perceived stress, sleep,
mood, and health-related QOL in older adults with SCD.

Methods—Sixty community-dwelling older adults with SCD were randomized to a KK or ML
program and asked to practice 12 minutes daily for 12 weeks, then at their discretion for the
following 3 months. At baseline, 12 weeks, and 26 weeks, perceived stress, mood, psychological
well-being, sleep quality, and health-related QOL were measured using well-validated instruments.

Results—Fifty-three participants (88%) completed the 6-month study. Participants in both
groups showed significant improvement at 12 weeks in psychological well-being and in multiple
domains of mood and sleep quality (¢’s < 0.05). Relative to ML, those assigned to KK showed
greater gains in perceived stress, mood, psychological well-being, and QOL-Mental Health (¢’s <
0.09). Observed gains were sustained or improved at 6 months, with both groups showing marked
and significant improvement in all outcomes. Changes were unrelated to treatment expectancies.

Conclusions—Findings suggest that practice of a simple meditation or ML program may
improve stress, mood, well-being, sleep, and QOL in adults with SCD, with benefits sustained at 6
months and gains that were particularly pronounced in the KK group.

"Correspondence to: Kim E. Innes, MSPH, PhD, Department of Epidemiology, WVU School of Public Health, PO Box 9190,
Morgantown, WV 26506, USA. Tel.: +1 304 293 5206; Fax: +1 304 293 2700; KInnes@hsc.wvu.edu.
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INTRODUCTION

Alzheimer’s disease (AD) is a devastating neurodegenerative condition affecting an
estimated 44 million adults worldwide, with prevalence projected to reach over 75 million
by 2030 and 135.5 million by 2050 [1]. Onset is usually slow and insidious, typically
preceded years earlier by subjective deterioration in memory. There is growing evidence that
subjective cognitive decline (SCD), characterized by the subjective perception that one’s
memory is noticeably worse than a few years before, may represent a preclinical stage of
AD, particularly when the decline is a cause for concern [2, 3]. SCD in older adults is a
significant predictor of subsequent, accelerated cognitive decline and of incident mild
cognitive impairment (MCI) and AD [3-7]; this association is particularly strong in those
with SCD who express worry regarding their memory problems, and is not explained by
depression, demographics, APOE4 status, or other AD risk factors [8]. SCD is also
accompanied by neuropathological changes linked to AD pathogenesis, including elevated
amyloid-p deposition [9-12], increased white matter lesions [13, 14], and reductions in
hippocampal and grey matter volume [15-17].

SCD is associated with elevated risk not only for cognitive decline and incident dementia,
but also for other burdensome health outcomes, including increased neuropsychiatric
impairment [18, 19] and diminished quality of life (QOL) [20, 21]. SCD has been strongly
linked to chronic psychological distress [22—24]; adults with SCD are also significantly
more likely to report symptoms of sleep disturbance [18, 25], depression [19, 21, 25-27],
and anxiety [21, 25, 27]. Chronic stress, along with mood and sleep disturbances, can lead,
in turn, to accelerated cognitive decline, neurodegenerative changes, and deterioration of
both physical and mental health [28-37]. Like subjective memory complaints [3, 4, 6, 27,
38], these psychosocial factors are significant, independent predictors of subsequent
cognitive decline and progression to AD [4, 5, 34, 35, 39-51], with reported risk estimates
similar to or greater than those for hypertension, diabetes, obesity, and other established risk
factors [42, 52, 53], highlighting the importance of timely and effective intervention.

After decades of disappointing trials, there are still no effective treatments for preventing,
delaying, or reversing cognitive decline. While emphasis is increasingly shifting to early
intervention [2, 54], approved treatments for those with early memory loss, including those
with SCD [18, 55, 56], are lacking. Moreover, although memory complaints have been
consistently associated with adverse psychosocial outcomes and poor perceived health, those
with SCD rarely seek care for their symptoms [24]. Yet this prodromal or preclinical period
may comprise a critical therapeutic window for altering the vicious cycle of increasing
psychological distress, sleep deficits, poor quality of life, and associated cognitive decline
and neuropathogenic change. As indicated above, neuropsychological impairment is
common in those with early cognitive decline, and can lead to profound negative changes in
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both physical health and neurocognitive function [28-32, 34-36, 57]. Thus, interventions
that address these psychosocial risk factors may hold promise for not only enhancing health
and well-being, but for slowing and possibly preventing cognitive decline in those at risk for
AD. Of particular interest in this regard are mind-body therapies, including music listening
and meditation. There is growing evidence that both meditation and simple, passive music
therapy can reduce stress and depression, enhance well-being, and improve sleep in a range
of populations, including those with and at risk for cognitive impairment [36, 58-67].
However, despite the promise of these simple practices, rigorous controlled studies remain
few, and none has yet investigated the potential efficacy of these relaxation practices for
improving psychological and related outcomes in those with preclinical memory loss. In this
parallel arm randomized controlled trial (RCT), we assessed the effects of two simple 12-
week relaxation programs, Kirtan Kriya Meditation (KK) and music listening (ML) on
perceived stress, sleep, mood, and health-related QOL in older adults with SCD.

METHODS

Participants

Adults, at least 50 years of age, concerned about memory problems and meeting the five
essential SCD criteria outlined in recent expert reviews [18, 68] were recruited using flyers
and brochures posted in Morgantown, West Virginia area health care, workplace, and
community settings, including senior centers and retirement communities. The major
eligibility criteria are listed in Table 1. We reviewed eligibility criteria with all potential
participants during a pre-visit telephone interview; after gathering written consent, potential
participants then underwent a comprehensive in person eligibility screen prior to the baseline
assessment and randomization. Recruitment and enrollment began on a rolling basis in July
2013 and continued until our target enrollment was reached. The last participant completed
the 6-month study by July 2014. The study was approved by the West Virginia University
Institutional Review Board.

Outcomes

Baseline assessments were conducted immediately following participant provision of written
informed consent. We collected information regarding demographic and lifestyle factors,
medical history, including current medications and supplements, and body mass index (BMI,
calculated as weight in kg/height in m2). We evaluated change in specific psychosocial and
other health-related factors linked to cognitive decline using well-established, validated self-
report instruments. These factors included: Perceived stress (10-item Perceived Stress Scale
(PSS) [69, 70]), sleep quality (Pittsburgh Sleep Quality Index (PSQI) [71]), mood (65-item
Profile of Mood States (POMS) [72]), well-being (Psychological Well Being Scale (PWBS)
[73]), and health-related quality of life (36-item MOS Short Form-36 (SF-36) [73]). We also
assessed both subjective memory function and objective cognitive performance using three
well-established instruments, including: The Memory Functioning Questionnaire (MFQ)
[74], the Trail Making Test Parts A and B (TMT) [75], and the 90-second Wechsler Digit-
Symbol Substitution Test (DSST) [76]. These instruments have been used in a wide range of
adult populations, including those with early memory loss [72, 77-100]. All outcomes were
measured at baseline, 12 weeks, and again at 3 months post intervention (26 weeks).
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Following their first intervention practice session, participants completed the 6-item
Credibility/Expectancy Questionnaire (CEQ) [101, 102] to assess expectation of benefit.
Home practice logs were completed by participants daily; this adherence data was collected
at the follow-up assessments. Finally, at 12 weeks and 3 months post-intervention,
participants completed an exit questionnaire adapted from that used in our previous studies
[98, 100, 103, 104], which included a question about their memory concerns relative to
baseline (from 1 = ‘much more concerned’ to 5 = ‘much less concerned”). All participant
assessments and entry of outcome and baseline data were performed by research staff
blinded to participant treatment assignment.

Randomization

To ensure equal distribution between treatment groups an allocation sequence was generated
by the study statistician, who had no contact with the participants, using a randomly varying
block randomization method [105]. The statistician prepared sealed opaque envelopes
containing the group assignment, which were numbered sequentially on the outside. These
numbered envelopes were given to the consenting team member, who gave the next envelope
in sequence to each participant following collection of baseline data. The participant opened
the envelope to discover his/her intervention group assignment. Eligible participants were
randomized to the KK or ML group in a 1:1 ratio.

Interventions

Training—Each participant received 30-45 minutes of in-person training in the relaxation
technique to which they were assigned. In addition, they received a short illustrated
reference guide, a program CD, and a portable CD player for home use. The training, which
was provided by a team member familiar with both programs and experienced in teaching a
variety of relaxation techniques, included: Presentation of the instructions for each program
(described below), introduction to the various CD tracks, operation of the CD player, and
use of the practice log. The participant then performed their first practice session and
recorded it on the log sheet while the trainer observed and provided any guidance required
by the participant to perform the intervention at home with proficiency. Additionally, the
trainer followed up with each participant by phone during the first week of the intervention,
and periodically thereafter as needed by the individual, to address any questions or concerns
arising during the course of the intervention.

Programs—Both interventions involved sitting comfortably, eyes closed, for 12 minutes a
day, every day for 12 weeks (for a total of 84 sessions) and documenting each practice
session daily on the practice log. Each participant was provided a program CD and
instruction sheet, along with a portable CD player, to facilitate practice.

Kirtan Kriya (KK) meditation program

The KK program is a multifaceted exercise which engages several areas of the brain but is
simple to learn and practice. Specifically, KK includes repeating a Kirtan or song (singing
repetition of the ‘Sa-Ta-Na-Ma’ mantra), while performing a mudra or physical/motor
component (touching each finger-tip to the thumb in sequence with the chant) and a
‘visualization’ (imagining the sound energy coming in through the top of the head and
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exiting out between the eyebrows in an ‘L’ shape). The meditation CD contained a user-
friendly introduction to the KK technique along with detailed instructions, and meditation
tracks. Three of the five tracks contained the 12-minute guided meditation: Two of the tracks
featured a female voice, one with ocean sounds in the background, the other without; the
third guided track was led by a male. Participants were instructed to follow one of the guided
tracks at least once a week to reinforce the in-person training. Two additional tracks
provided only the timing cues needed for the participants to conduct the meditation session
without guidance, one track with, and the other without, the background ocean sounds.

Music listening program

The ML program CD contained a 12 minute selection of relaxing instrumental music from
each of six composers, Mozart, Bach, Vivaldi, Beethoven, Pachelbel, and Debussy.
Participants were allowed to choose which musical selections they wanted to listen to on a
daily basis, but were asked to try each composer at least once during the study.

Data analysis

All data analyses were conducted using IBM SPSS for Windows, Version 23. Differences in
baseline characteristics by intervention group assignment and attrition status were assessed
using chi square (for categorical variables), student independent samples #tests (for
continuous variables with a normal distribution), or Mann-Whitney U tests (for ordinal or
continuous variables with evidence of skewing). Potential differences between treatment
groups in treatment expectancies, retention, and adherence were analyzed using chi-square
(attrition) and one-way ANOVA (adherence, treatment expectancies). In preliminary
assessments, within group changes over time at 12 weeks (the primary time point) and 3
months post-intervention were assessed using ANCOVA with baseline scores as covariates;
between group differences in treatment outcomes were assessed using Repeated Measures
ANOVA, with factors that differed at baseline (o < 0.1) included as covariates. Variables
with a non-normal distribution were log-transformed for analysis, using the addition of a
constant in the case of zero or negative values. We used multiple imputation to replace any
missing data in our intention-to-treat (ITT) analyses [106, 107]. Effect sizes were calculated
using Cohen’s d. As this was an exploratory study, alpha was set at 0.05.

We also performed analyses limited to those most at risk for cognitive decline, including
participants: With at least 2 AD risk factors; aged =60 years with SCD onset within the
previous 5 years; with poorer baseline scores on the TMT-B (=88 seconds, a cut-off
predictive of subsequent cognitive decline and dementia in a recent study of memory clinic
patients with MCI [108]) and the MFQ (<75th centile). We also evaluated the potential
modifying influence of age (60+ versus <60 years), obesity, history of depression/anxiety,
baseline cognition, and overall mood scores (< 50th versus =50th centile) and use of
medications associated with memory change and/or depression/anxiety. To assess the
potential relationship of treatment expectancy scores, change in measures of memory and
cognition, and practice adherence to change over time in mood, stress, well-being and QOL,
bivariate and age- and sex-adjusted correlations were performed using Pearson product-
moment correlation.
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Following consent and baseline screening, 60 eligible adults with SCD were enrolled in the
study. Memory problems had been experienced for a mean of approximately 3 years (X =
35.42 + 4.2 months) prior to enrollment. Study participants were predominantly non-
Hispanic white (93%) and female (85%), with an average age of 60.6 + 1.0 (range 50-84)
years. The majority were employed at least part-time (73%), married or living with a partner
(65%), and college-educated (58%). Prevalence of metabolic/vascular risk factors for AD
was high in this sample, with 94% of participants reporting at least one, and 66% indicating
a diagnosis of =2 of these chronic conditions (Table 2). Commonly reported conditions
included obesity (48%), dyslipidemia (58%), hypertension (32%), and diabetes (15%). In
addition, almost 60% of participants indicated a history of diagnosed depression or anxiety
disorder. Mean CAIDE (Cardiovascular Risk Factors, Aging, and Dementia) score [109] was
8.2 £ 0.3, with only 13% scoring under 6, the cutoff used in selecting adults at risk for
cognitive decline in the ongoing lifestyle intervention study in Finnish adults [110].
Clinically significant sleep impairment, defined as PSQI >5 [71, 111], was present in over
90% of participants at baseline.

Participants in the two groups did not differ significantly in demographic or lifestyle factors,
BMI, or medical history (Table 2). Likewise, there were no significant between-group
differences in baseline scores on mood, sleep, stress, well-being, or QOL measures (Table
3), in reported duration of memory problems, or in baseline measures of memory or
cognitive functioning (p’s > 0.1).

Each participant received the intervention as allocated. Participant retention was high; 92%
of participants (27/30 KK, 28/30 ML) completed the 12-week intervention, and 88% (26/30
KK, 27/30 ML) completed the full 6-month study period. Reasons for dropout included:
Family emergency (7= 1), time constraints (7= 2), and unknown/lost to follow-up (7= 4).
Those who dropped out were similar to completers in demographics, lifestyle factors, BMI,
and health history and did not differ on baseline measures of cognition, mood, stress, sleep,
or well-being (0’s = 0.3). Adherence was also high, with participants completing an average
of 93% of the 84 possible sessions in the first 12 weeks and 71% of sessions during the
practice-optional, 3-month follow-up period. There were no between group differences at
any time point in either adherence or retention (p’s = 0.4). Similarly, there were no
significant differences between the two groups in any domain of treatment expectancy (all
p's 2 0.2), and treatment expectancy scores were not correlated, at any time point, with
change over time in stress, well-being, or in any domain of mood, sleep, or quality of life
(0's = 0.1). No adverse events were observed or reported.

Change over time in psychological status, sleep quality, and quality of life

As illustrated in Table 4, both the KK and ML groups showed significant improvements
overall at 12 weeks in psychological well-being and multiple domains of mood and sleep
quality. These improvements were sustained or further strengthened at 26 weeks. In
addition, those assigned to the KK group demonstrated significant gains in perceived stress,
and in the Mental Health component of QOL at both 12 and 26 weeks, including
improvements in 3 of 4 constituent domains; the ML group, by contrast, showed modest
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improvement in only one QOL domain at 12 weeks, that pertaining to pain (Table 4), but did
demonstrate significant gains in 2 of the 4 mental health component domains at 26 weeks.
With the exception of the QOL physical component, which did not change significantly with
either intervention, overall effect sizes in the KK group ranged from moderate (QOL, Mental
health component, sleep quality, psychological well-being) to large (mood, perceived stress)
depending on the measure, whereas those in the ML group varied overall from small
(psychological well-being, and QOL, mental health component) to moderate (perceived
stress, mood, sleep quality). Relative to the ML group, the KK group demonstrated
significantly or marginally significantly greater gains in perceived stress and mood (POMS)
at 12 and 26 weeks; and in psychological well-being (PWBS) and the mental health
component of QOL at 12 weeks (Table 4). The two groups did not differ in any domain of
sleep quality at either time point.

ITT analyses using multiple imputation yielded similar results. Excluding from the analysis
those who scored in the top 25% of the MFQ (total MFQ score =270) or those scoring
poorly (=88 seconds) on the TMT-B did not appreciably alter the findings. Similarly,
findings did not differ significantly by obesity, gender, age (<60 versus 60+ years), history of
depression/anxiety, current use of medications for depression or anxiety, number of AD risk
factors (2+ versus <2), or baseline performance on mood, well-being, or sleep quality (<50th
versus =50th percentile).

Baseline scores on perceived stress, mood, well-being, sleep quality, and overall QOL were
significantly inter-correlated (r’s ranging from 0.3 to 0.8). As illustrated in Table 5,
improvements in mood, perceived stress, well-being, and the mental health component of
QOL were likewise strongly interrelated at both 12 and 26 weeks (r’s from 0.3 to 0.7), with
the strongest correlations observed between changes in mood at both time points and those
in stress and the mental health composite score (r’s 0.5 to 0.7). Improvement in sleep quality
at 12 weeks was significantly correlated with 12-week changes in stress, well-being, and
both components of QOL, and with positive changes in stress, well-being and the QOL
Physical Health composite score at 26 weeks; gains in sleep quality at 26 weeks were
significantly related to improved well-being and QOL (both components) at both 12 and 26
weeks, and to improvements in mood at 26 weeks (Table 5). Adherence was not significantly
related to change over time in any measure.

Relation of improvements in psychological status, sleep quality, and quality of life to gains
in memory and cognitive function

As illustrated in Table 6, participant improvements in overall measures of mood, stress,
sleep, well-being, or quality of life were significantly and positively associated with gains in
subjective memory function. For example, improvements in overall mood (POMS) and
reductions in perceived stress were significantly related to increases in MFQ total scores,
and in certain MFQ domains, including Frequency of Forgetting and Seriousness of
Forgetting, at both 12 and 26 weeks. Likewise, improvements in psychological well-being
were significantly correlated with gains in subjective memory function, with these
relationships appearing stronger for memory function gains at 26 weeks; the mental health
component of QOL was also significantly related to gains in the MFQ at both time points
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(Table 5). Improvements in overall sleep quality were significantly related to increases only
in the MFQ retrospective memory function subscale. Similarly, concerns regarding memory
at 6 months were strongly correlated with improvements in overall mood at both 12 and 26
weeks, with the mental health component of QOL at 12 weeks, and with psychological well-
being scores at 26 weeks.

In contrast, relationships of change in performance-based measures to improvements in
mood, stress, and well-being were relatively weak, and evident only for the TMT-A (mood at
both time points, and perceived stress at 26 weeks) and the DSST (well-being at 26 weeks);
similarly, improvements in overall OOL was related only to gains in the TMT-A, and only at
26 weeks. Sleep quality overall was not related to any performance-based measures,
although improvements at 12 weeks in certain individual domains showed modest
associations with gains in the TMT-A (sleep quality and daytime dysfunction, r’s = —0.26;
p’s <0.06) and the DSST (sleep duration, r = 0.31, p=0.02) at 6 months.

DISCUSSION

In this pilot randomized controlled trial of older adults with SCD, participants assigned to
both the KK meditation and the ML groups demonstrated significant and sustained
improvements in measures of mood, stress, sleep quality, well-being, and quality of life
(mental health component), with improvements in most measures reflecting clinically
significant differences [112, 113]. Overall gains were particularly marked in the KK group.
Observed improvements were not explained by baseline treatment expectancies, suggesting
that expectations of benefit did not significantly influence outcomes in this study. Likewise,
we found no evidence of a modifying effect of depression or anxiety, age, gender,
medication use, comorbidity, baseline scores on psychosocial or cognitive tests, or other
factors, indicating that these simple mind-body practices may be suitable for a variety of
populations experiencing early memory loss.

This study is the first to investigate the possible benefits of mind-body therapies for
improving psychosocial outcomes in older adults with SCD, and helps to address the need
for exploring effective interventions in this population. To date, the few completed trials
assessing psychological and related endpoints in non-cognitively impaired adults at risk for
AD have yielded mixed findings, and reported improvements have been modest. For
example, in a recent 3 arm RCT in 44 older Israeli adults with memory complaints,
participants showed only small, non-significant declines in loneliness, and no change in
depressive symptoms following completion of a 10-week health promotion, cognitive
training, or participation-centered course [114]. Similarly, in a 2008 RCT of an 18-month
individualized home-based exercise program in adults with subjective memory impairment,
participants showed no significant improvements, at any time point, in either depressive
symptoms or QOL [115]. In a large ongoing RCT of Finnish adults at risk for cognitive
decline, participants assigned to a 24-month intensive lifestyle intervention incorporating
dietary counseling, exercise training, cognitive training, and vascular risk monitoring
likewise showed no improvement in depressive symptoms [110], but appeared to
demonstrate small gains in some QOL domains [116] (data published in abstract form).
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Consistent with findings of previous observational studies [18, 19, 21-27], neuropsychiatric
impairment was elevated in this population. Most participants indicated clinically significant
sleep impairment at baseline, with mean PSQI scores similar to or exceeding those in adults
with insomnia [117] or multiple chronic conditions [118]. In addition, mean baseline quality
of life was comparable to or lower than that reported in adults with a range of serious
chronic conditions, including prostate cancer, diabetes, multiple sclerosis (mental health
component), and epilepsy and substantially lower than the general U.S. population means
[112, 119]. Likewise, mean participant scores on all domains of the POMS, a well
established and widely used measure of mood disturbance, were significantly worse than
reported norms for older adults [120], and similar to or higher than those in adults with HIV,
cancer, heart failure, and other serious chronic disorders [121-126]. Similarly, participants
indicated overall high levels of stress, with baseline PSS scores again comparable to or
higher than those reported in patients with a variety of serious conditions, including
advanced coronary artery disease [127], multiple sclerosis [128], and cancer [129].

The significant and sustained improvements in psychological status, sleep, and QOL
following the practice of meditation and music listening may have important implications
for addressing not only the neuropsychiatric impairment common in those with SCD, but
also the decline in cognitive function. In this study, both groups showed marked and
sustained gains in all measures of memory and cognitive performance (p’s < 0.05, data not
shown) as well as in all psychosocial outcomes. Moreover, positive changes in perceived
stress, affect, and well-being in this study were significantly and directly correlated with
improvements in subjective memory function and, albeit more modestly, to certain gains in
objective cognitive performance, suggesting a possible functional relationship between
changes in psychosocial status and those in cognitive function. This relationship is likely
bidirectional and synergistic. For example, growing evidence suggests that neuropsychiatric
impairment in those with early memory loss can itself increase risk of accelerated cognitive
decline, neuropathological change, and progression to AD. Like MCI and AD, SCD has
been strongly linked to chronic psychological distress [22—24], elevated depressive [19, 21,
25-27], and anxiety symptoms [21, 25, 27], and sleep disturbance [18, 25], factors shown to
increase risk for accelerated cognitive decline and neurodegenerative changes [28, 31, 32,
34-36], and ultimately, conversion to MCI and AD [4, 5, 34, 35, 39-51, 130, 131].
Conversely, perceived deterioration in one’s cognitive functioning can itself be a significant
source of fear and distress [132, 133], potentially leading to increased symptoms of
depression and anxiety, reduced quality of life, and impaired sleep, further contributing to a
vicious cycle of increased psychological disturbance, worsening QOL, accelerated cognitive
decline, and accompanying adverse neurological changes. Compounding these changes,
adults with memory complaints are also significantly more likely to experience subsequent
deterioration in physical health, dependency, and institutionalization [134].

However, despite the often substantial psychological and functional challenges associated
with SCD, those with memory complaints rarely seek help for their concerns [24, 135]. This
reluctance to seek care is likely due in part to the widespread fear and related stigma
surrounding AD [136-139], coupled with the recognized absence of effective treatments [56,
138]. Thus, identifying low cost, sustainable, non-stigmatizing therapies that can effectively
address both neuropsychiatric and cognitive concerns early, when intervention is likely to be
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most effective, is of clear importance. Of particular promise are therapies such as meditation
and ML that can promote multiple beneficial changes implicated in cognitive impairment
and that likely operate via multiple pathways, including those detailed above.

For example, meditation and ML may reduce distress, improve well-being, and enhance
cognitive function by selectively activating specific neurochemical systems and brain
structures associated with positive mood, emaotional regulation, attention, and memory, and
promoting related beneficial neurostructural changes [63, 140-143]. For instance, recent
studies suggest that meditation can promote favorable changes in CNS dopaminergic and
other neurochemical systems [144, 145], and increase blood flow, oxygen delivery, and
glucose utilization in specific regions of the brain associated with mood elevation, memory,
and attentional processing, including the hippocampus, prefrontal cortex, and anterior
cingulate gyrus [94, 141, 146-148]. Long-term meditation practice has also been associated
with cortical thickening and increased grey matter volume in brain regions involved in
attentional performance, memory, sensory processing, and interoception [149-151],
apparently offsetting typical age-related cortical thinning and grey matter loss [149, 151,
152]. While data regarding CNS changes with music are more limited, neuroimaging studies
likewise suggest that music therapy, including ML, activates pathways in brain areas
involved in emotional reward and regulation, attention, memory, and other associated
functions, including the prefrontal cortex, insular and cingulate cortex, hippocampus, and
amygdala [63, 66, 143].

Recent studies in dementia caregivers [153] also suggest that meditation may buffer the
effects of stress-induced cellular aging by directly or indirectly promoting telomere
maintenance, and in this way, protecting immune function and decreasing neuronal loss and
other degenerative changes associated with both mood impairment and cognitive decline.
Decreases in telomerase activity and telomere length have been linked to both chronic
distressful states and cognitive impairment [154-166] and shown to predict cognitive decline
in both clinical and non-clinical populations [167, 168]. Likewise, recent research in healthy
adults [169-171], lonely older adults [172], and depressed dementia caregivers [173, 174]
suggest that meditation may also buffer or reverse multiple stress-related changes in specific
gene expression pathways implicated in the development and progression of AD, including
those regulating oxidative stress, inflammation, cellular aging, and other factors contributing
to impaired brain structure and function, and ultimately, to cognitive decline [175-181].
While gene expression studies of music therapy are sparse, recreational music has been
shown to modulate genomic stress induction signatures [182], suggesting that ML may have
beneficial effects on the transcriptome as well.

In addition, KK meditation may affect psychosocial status and cognition via other pathways
as well. For example, KK is a multi-modal meditation practice involving multiple tasks and
sensory modalities (chanting with progressive changes in volume, sequenced finger
movements, visualization, and coordinated breathing). Participants in the KK program are
thus learning new motor, sensory, and physical skills, a process that has been associated with
improvements in cognitive function and associated positive neurostructural changes[183].
KK also involves training in maintenance of attention and focus, set shifting, and multi-
tasking, which could, in turn, improve several domains of executive function, including
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working memory and cognitive flexibility. While reasons for the greater improvements in the
KK versus ML group are unknown, observed differences may in part reflect the multi-modal
nature of KK meditation, as well as the more active nature of this practice.

There is evidence that non-KK meditation practices, including other forms of mantra
meditation, such as Transcendental Meditation (TM) and SOHAM meditation, and
interventions involving mindfulness/open-monitoring meditation may also be beneficial for
populations with or at risk for memory loss. For example, data from matched cross-sectional
studies of experienced meditation practitioners versus non-meditators have suggested that
the practice of mindfulness/open-monitoring meditation (including Vipassana, Zen, and
Mindfulness) may increase cortical thickness and delay age-related cortical thinning and
grey matter loss in brain regions associated with attention, memory, and other functional
domains adversely affected in MCI and AD [149-151]. Likewise, while prospective
neuroimaging studies of meditation in older adults remain few, two small controlled trials in
meditation naive older adults with MCI [184] and healthy young and middle-aged adults
[185] suggest that Mindfulness-based Stress Reduction (MBSR), an intensive, 8-week multi-
component program, may increase functional connectivity and reduce grey matter atrophy in
brain regions affected in AD. Similarly, recent small trials in young and middle-aged adults
suggest that the practice of both mindfulness meditation [186] and other forms of meditation
[146, 148] may activate and enhance cerebral blood flow to areas of the brain involved in
memory, attention, learning, and emotional regulation. These findings are consistent with
neuroimaging data from recent studies of KK in older memory impaired adults [94],
depressed dementia caregivers [187] and experienced practitioners [188].

However, prospective clinical trials have yielded less consistent findings regarding the
effects of non-KK meditation forms on cognitive indices in older adults. Of the few trials of
non-KK mantra meditation [189, 190], mindfulness meditation [191-195] and other
meditation practices [196] in older adults that have assessed cognitive function, most have
shown minimal or no improvement [190-195], including two recent large RCTs of MBSR in
generally healthy elders [191, 193]. To date, only two published trials of non-KK meditation
have included adults with memory complaints, and only one specifically targeted this
population. A four arm RCT of TM and mindfulness meditation in 73 senior home residents
demonstrated significant and sustained improvements with TM and to a lesser extent
mindfulness, in several cognitive indices [189], and an RCT of MBSR in 14 adults with MCI
showed no improvement in any cognitive measure (and worsening on one measure) [194].

Likewise, observed effects on neuropsychiatric impairment and QOL in older adults,
including those with memory loss, have tended to be modest, with several studies showing
limited or no improvement with either insight meditation [191-194] or TM [190]. In
contrast, preliminary trials to date of KK meditation in dementia caregivers [153, 197] and
adults with early memory loss [94] have shown improvements in both cognitive function and
psychosocial status consistent with those observed in the current study. However, clinical
intervention trials of older adults with memory loss remain sparse, and sample sizes for most
published trials to date, including those of KK, have been small, limiting conclusions. While
findings of the current study further support the promise of KK for adults with SCD,
additional rigorous research in larger populations is warranted to further investigate the

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

Page 12

potential benefits of KK and other meditation practices for adults with and at risk for
memory loss.

Strengths and limitations

Strengths of this study include the rigorous, randomized study design, measurement of
multiple domains of psychosocial status and quality of life, the recruitment of participants
from community-based settings, and the high retention and adherence rates in both groups.
Data on treatment expectancy also permitted us to examine the possible influence of this
factor on change in outcomes, and to control for potential placebo effects.

Our ability to capture an at-risk population was enhanced by our use of a questionnaire to
ascertain SCD that was based on prior expert reviews and risk analyses [3, 6, 8, 198], and
further enriched by eligibility criteria which included concerns regarding memory problems,
a factor shown to further increase the risk for MCI and AD. The baseline TMT-B scores of
more than 40% of participants were in the range suggesting high risk for accelerated
cognitive decline and conversion to MCl/dementia [108, 199]. Our sample was also
characterized by high prevalence of known AD risk factors, as well as mean MFQ baseline
scores comparable to those of adults with amnestic MCI [200], and substantially lower than
those reported in community-based samples [201], suggesting we did indeed capture a
population at risk for cognitive decline.

However, this pilot trial also has several limitations including a relatively small sample size,
and a relatively well-educated, young, motivated study population with SCD, possibly
limiting generalizability to populations with other types of memory loss. It is possible that
some participants may have had undiagnosed MCI, as while we did assess cognitive function
and memory, we did not perform diagnostic cognitive testing in our sample.

It is possible that social desirability concerns may have biased findings toward the positive.
However, this would presuppose that participants were able to remember their responses on
a large battery of tests taken 3 or 6 months prior, and would not, in any case, explain the
observed differences between groups or the improvement in performance-based measures of
cognition. In addition, we were careful to encourage participants to be honest in their
assessments, and assure them that data entry and analysis would be only of deidentified data.
Nonetheless, we cannot completely rule out the potential influence of social desirability
bias. Because the study lacked a usual care control group, we were unable to assess the
possible effects of time trends on change over time. However, numerous studies in adults at
risk for cognitive impairment have shown psychological status and quality of life to remain
unchanged or deteriorate over time in the absence of effective intervention [110, 115, 116,
202-208], suggesting that simple time trends are unlikely to explain the improvements
observed in this study. In addition, participants could not be blinded to treatment assignment.
However, expectancy scores were similar between groups and unrelated to outcomes.

We did not exclude those currently under treatment for, or with a history of, depression or
anxiety. While this could potentially explain some of the perceived memory decline in some
participants, history of depression was unrelated to baseline cognitive scores and we found
no evidence of a modifying or confounding effect of either history of depression or use of
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antidepressant medication, suggesting these factors did not influence our findings. Given
that both anxiety and depression are strong predictors of subsequent cognitive decline and
dementia in previously cognitively intact adults [5, 34, 45, 51], adults with depressive
symptoms are an at risk group that arguably should not be excluded from intervention
studies for improving cognitive function. In fact, depression is included in at least two AD
risk scales for non-demented adults [209].

CONCLUSIONS

Findings of this preliminary RCT suggest that practice of KK meditation or a simple ML
program can promote significant and sustained improvements in perceived stress, mood,
well-being, sleep, and quality of life in adults with SCD. Observed gains in this study were
particularly pronounced in the KK group. Clearly, additional high quality trials are
warranted to further investigate the potential benefits of these simple mind-body programs
for older adults with early memory loss; to determine the long term effects of KK and ML
on psychosocial status, QOL, and cognitive function; and to investigate potential underlying
mechanisms of action.

Acknowledgments

This work was supported by the National Institutes of Health [1-K01-AT004108 and NIGMS U54GM104942 to
K.1.]; the Alzheimer’s Research and Prevention Foundation (ARPF); and West Virginia University (Faculty
Incentive Award). The funding sources had no involvement in the design or implementation of the study or in the
collection, analysis, or interpretation of data.

Authors’ disclosures available online (http://j-alz.com/manuscript-disclosures/15-1106r1).

References

1. Alzheimer’s Disease International. World Alzheimer Report 2014: Dementia and risk reduction.
London: 2014.

2. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chetelat G, Dubois B, Dufouil C,
Ellis KA, van der Flier WM, Glodzik L, van Harten AC, de Leon MJ, McHugh P, Mielke MM,
Molinuevo JL, Mosconi L, Osorio RS, Perrotin A, Petersen RC, Rabin LA, Rami L, Reisberg B,
Rentz DM, Sachdev PS, de la Sayette V, Saykin AJ, Scheltens P, Shulman MB, Slavin MJ, Sperling
RA, Stewart R, Uspenskaya O, Vellas B, Visser PJ, Wagner M. Subjective Cognitive Decline
Initiative Working G. A conceptual framework for research on subjective cognitive decline in
preclinical Alzheimer’s disease. Alzheimers Dement. 2014; 10:844-852. [PubMed: 24798886]

3. Jessen F, Wolfsgruber Steffen, Wiese B, Bickeld H, Mosch E, Kaduszkiewicz H, Pentzek M, Riedel-
Heller SG, Luck T, Fuchs A, Weyerer S, Werle J, Bussche HVD, Scherer M, Maier W, Wagner M.
AD dementia risk in late MCI, in early MCI, and in subjective memory impairment. Alzheimers
Dement. 2014; 10:76-83. [PubMed: 23375567]

4. Reisberg B, Shulman MB, Torossian C, Leng L, Zhu W. Outcome over seven years of healthy adults
with and without subjective cognitive impairment. Alzheimers Dement. 2010; 6:11-24. [PubMed:
20129317]

5. Donovan NJ, Amariglio RE, Zoller AS, Rudel RK, Gomez-Isla T, Blacker D, Hyman BT, Locascio
JJ, Johnson KA, Sperling RA, Marshall GA, Rentz DM. Subjective cognitive concerns and
neuropsychiatric predictors of progression to the early clinical stages of Alzheimer disease. Am J
Geriatr Psychiatry. 2014; 22:1642-1651. [PubMed: 24698445]

6. Jessen F, Wiese B, Bachmann C, Eifflaender-Gorfer S, Haller F, Kolsch H, Luck T, Mosch E, van
den Bussche H, Wagner M, Wollny A, Zimmermann T, Pentzek M, Riedel-Heller SG, Romberg HP,
Weyerer S, Kaduszkiewicz H, Maier W, Bickel H. Prediction of dementia by subjective memory

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.


http://j-alz.com/manuscript-disclosures/15-1106r1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

11.

12.

13.

15.

16.

Page 14

impairment: Effects of severity and temporal association with cognitive impairment. Arch Gen
Psychiatry. 2010; 67:414-422. [PubMed: 20368517]

. Abner EL, Kryscio RJ, Caban-Holt AM, Schmitt FA. Baseline subjective memory complaints

associate with increased risk of incident dementia: The PREAD-VISE trial. J Prev Alzheimers Dis.
2015; 2:11-16. [PubMed: 26180776]

. Kopparaa, Alexander, Wagnera, M., Langec, C., Ernst, A., Wiese, B., Konig, H-H., Brettschneider,

C., Riedel-Heller, S., Luppa, M., Weyerer, S., Werl, J., Bickel, H., Mdsch, E., Pentzek, M., Fuchs,
A., Wolfsgruber, Steffen, Beauducel, A., Scherer, M., Maier, W., Jessen, F. Cognitive performance
before and after the onset of subjective cognitive decline in old age. Alzheimers Dement (Amst).
2015; 1:194-205. [PubMed: 27239504]

. Amariglio RE, Becker JA, Carmasin J, Wadsworth LP, Lorius N, Sullivan C, Maye JE, Gidicsin C,

Pepin LC, Sperling RA, Johnson KA, Rentz DM. Subjective cognitive complaints and amyloid
burden in cognitively normal older individuals. Neuropsychologia. 2012; 50:2880-2886. [PubMed:
22940426]

10. Snitz BE, Weissfeld LA, Cohen AD, Lopez OL, Nebes RD, Aizenstein HJ, McDade E, Price JC,

Mathis CA, Klunk WE. Subjective cognitive complaints, personality and brain amyloid-beta in
cognitively normal older adults. Am J Geriatr Psychiatry. 2015; 23:985-993. [PubMed: 25746485]

Barnes LL, Schneider JA, Boyle PA, Bienias JL, Bennett DA. Memory complaints are related to
Alzheimer disease pathology in older persons. Neurology. 2006; 67:1581-1585. [PubMed:
17101887]

Mormino E, Vannini P, Amariglio R, Schultz Aaron, Marshall G, Johnson K, Sperling R, Rentz D.
Subjective cognitive concerns, amyloid burden and cognitive reserve. Alzheimers Dement. 2013;
9:P133-P134.

Minett TSC, Dean JL, Firbank M, English P, O’Brien JT. Subjective memory complaints, white-
matter lesions, depressive symptoms, and cognition in elderly patients. Am J Geriatr Psychiatry.
2005; 13:665-671. [PubMed: 16085782]

14. de Groot JC, de Leeuw FE, Oudkerk M, Hofman A, Jolles J, Breteler MM. Cerebral white matter

lesions and subjective cognitive dysfunction: The Rotterdam Scan Study. Neurology. 2001;
56:1539-1545. [PubMed: 11402112]

Saykin AJ, Wishart HA, Rabin LA, Santulli RB, Flashman LA, West JD, McHugh TL, Mamourian
AC. Older adults with cognitive complaints show brain atrophy similar to that of amnestic MCI.
Neurology. 2006; 67:834-842. [PubMed: 16966547]

Schultz SA, Oh JM, Rebecca L, Koscik, Dowling NM, Gallagher CL, Carlsson CM, Bendlin BB,
LaRu A, Hermann BP, Rowley HA, Asthana S, Sager MA, Johnson SC, Okonkwo OC. Subjective
memory complaints, cortical thinning, and cognitive dysfunction in middle-age adults at risk of
AD. Alzheimers Dement (Amst). 2015; 1:33-40. [PubMed: 25938132]

17. Perrotin A, Mézenge F, Landeau B, Egret S, Sayette VDL, Desgranges B, Eustache F, Chételat G.

Is hippocampal atrophy in healthy elderly individuals with subjective cognitive decline related to
amyloid deposition? Alzheimers Dement. 2014; 10(Suppl):P58—P59.

18. Reisherg B, Prichep L, Mosconi L, John ER, Glodzik-Sobanska L, Boksay |, Monteiro I, Torossian

C, Vedvyas A, Ashraf N, Jamil 1A, de Leon MJ. The pre-mild cognitive impairment, subjective
cognitive impairment stage of Alzheimer’s disease. Alzheimers Dement. 2008; 4:598-S108.
[PubMed: 18632010]

19. Zandi T. Relationship between subjective memory complaints, objective memory performance, and

depression among older adults. Am J Alzheimers Dis Other Demen. 2004; 19:353-360. [PubMed:
15633944]

20. Mol M, Carpay M, Ramakers I, Rozendaal N, Verhey F, Jolles J. The effect of perceived

forgetfulness on quality of life in older adults; a qualitative review. Int J Geriatr Psychiatry. 2007;
22:393-400. [PubMed: 17044138]

21. Montejo P, Montenegro M, Fernandez MA, Maestu F. Subjective memory complaints in the

elderly: Prevalence and influence of temporal orientation, depression and quality of life in a
population-based study in the city of Madrid. Aging Ment Health. 2011; 15:85-96. [PubMed:
20924824]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

Page 15

22. Paradise MB, Glozier NS, Naismith SL, Davenport TA, Hickie IB. Subjective memory complaints,
vascular risk factors and psychological distress in the middle-aged: A cross-sectional study. BMC
Psychiatry. 2011; 11:108-114. [PubMed: 21722382]

23. Elfgren C, Gustafson L, Vestberg S, Passant U. Subjective memory complaints, neuropsychological
performance and psychiatric variables in memory clinic attendees: A 3-year follow-up study. Arch
Gerontol Geriatr. 2010; 51:E110-E114. [PubMed: 20211500]

24. Hurt CS, Burns A, Brown RG, Barrowclough C. Why don’t older adults with subjective memory
complaints seek help? Int J Geriatr Psychiatry. 2012; 27:394-400. [PubMed: 21560161]

25. Clarnette RM, Almeida OP, Forstl H, Paton A, Martins RN. Clinical characteristics of individuals
with subjective memory loss in Western Australia: Results from a cross-sectional survey. Int J
Geriatr Psychiatry. 2001; 16:168-174. [PubMed: 11241722]

26. Schofield PW, Marder M, Dooneief G, Jacobs DM, Sano M, Stern Y. Association of subjective
memory complaints with subsequent cognitive decline in community-dwelling elderly individuals
with baseline cognitive impairment. Am J Psychiatry. 1997; 154:609-615. [PubMed: 9137114]

27. Reisberg B, Gauthier S. Current evidence for subjective cognitive impairment (SCI) as the pre-mild
cognitive impairment (MCI) stage of subsequently manifest Alzheimer’s disease. Int
Psychogeriatr. 2008; 20:1-16. [PubMed: 18072981]

28. Palmer K, Berger AK, Monastero R, Winblad B, Backman L, Fratiglioni L. Predictors of
progression from mild cognitive impairment to Alzheimer disease. [see comment]. Neurology.
2008; 68:1596-1602.

29. Lee DR, Thomas AJ. Sleep in dementia and caregiving—assessment and treatment implications: A
review. Int Psychogeriatr. 2011; 23:190-201. [PubMed: 20946702]

30. McCurry SM, Logsdon RG, Teri L, Vitiello MV. Sleep disturbances in caregivers of persons with
dementia: Contributing factors and treatment implications. Sleep Med Rev. 2007; 11:143-153.
[PubMed: 17287134]

31. Beaulieu-Bonneau S, Hudon C. Sleep disturbances in older adults with mild cognitive impairment.
Int Psychogeriatr. 2009; 21:654-666. [PubMed: 19426575]

32. Winter Y, Korchounov A, Zhukova TV, Bertschi NE. Depression in elderly patients with Alzheimer
dementia or vascular dementia and its influence on their quality of life. J Neurosci Rural Pract.
2011; 2:27-32. [PubMed: 21716831]

33. Valimaki TH, Vehvilainen-Julkunen KM, Pietila AM, Pirttila TA. Caregiver depression is
associated with a low sense of coherence and health-related quality of life. Aging Ment Health.
2009; 13:799-807. [PubMed: 19888700]

34. Verdelho A, Madureira S, Moleiro C, Ferro JM, O’Brien JT, Poggesi A, Pantoni L, Fazekas F,
Scheltens P, Waldemar G, Wallin A, Erkinjuntti T, Inzitari D. Depressive symptoms predict
cognitive decline and dementia in older people independently of cerebral white matter changes:
The LADIS study. J Neurol Neurosurg Psychiatry. 2013; 84:1250-1254. [PubMed: 23715914]

35. Panza F, D’Introno A, Colacicco AM, Capurso C, Del Parigi A, Caselli RJ, Frisardi V, Scapicchio
P, Chiloiro R, Scafato E, Gandin C, Vendemiale G, Capurso A, Solfrizzi V. Temporal relationship
between depressive symptoms and cognitive impairment: The Italian Longitudinal Study on
Aging. J Alzheimers Dis. 2009; 17:899-911. [PubMed: 19542612]

36. Innes KE, Selfe TK. Meditation as a therapeutic intervention for adults at risk for Alzheimer’s
disease. Potential benefits and underlying mechanisms: A mini review. Front Psychiatry. 2014;
5:1-9. [PubMed: 24478729]

37. Aggarwal NT, Wilson RS, Beck TL, Rajan KB, Leon CFMD, Evans DA, Everson-Rose SA.
Perceived stress and change in cognitive function among adults aged 65 and older. Psychosom
Med. 2014; 76:80-85. [PubMed: 24367123]

38. Loewenstein D, Greig M, Schinka J, Barker W, Shen Q, Potter E, Raj A, Brooks L, Varon D,
Schoenberg M, Banko J, Potter H, Duara R. An investigation of PreMCI: Subtypes and
longitudinal outcomes. Alzheimers Dement. 2012; 8:172-179. [PubMed: 22546351]

39. Wilson RS, Evans DA, Bienias JL, Leon CFMD, Schneider JA, Bennett DA. Proneness to
psychological distress is associated with risk of Alzheimer’s disease. Neurol Clin Neurophysiol.
2003; 62:1479-1485.

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 16

Wilson RS, Schneider JA, Boyle PA, Arnold SE, Tang Y, Bennett DA. Chronic distress and
incidence of mild cognitive impairment. Neurology. 2007; 68:2085-2092. [PubMed: 17562829]

Wilson RS, Begeny CT, Boyle PA, Schneider JA, Bennett DA. Vulnerability to stress, anxiety, and
development of dementia in old age. Am J Geriatr Psychiatry. 2011; 19:327-334. [PubMed:
21427641]

Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer’s disease
prevalence. Lancet Neurol. 2011; 10:819-828. [PubMed: 21775213]

Chodosh J, Kado DM, Seeman TE, Karlamangla AS. Depressive symptoms as a predictor of
cognitive decline: MacArthur studies of successful aging. Am J Geriatr Psychiatry. 2007; 15:406—
415. [PubMed: 17353297]

Wilson RS, Barnes LL, de Leon CFM, Aggarwal NT, Schneider JS, Bach J, Pilat J, Beckett LA,
Arnold SE, Evans DA, Bennett DA. Depressive symptoms, cognitive decline, and risk of AD in
older persons. Neurology. 2002; 59:364-370. [PubMed: 12177369]

Gallacher J, Bayer A, Fish M, Pickering J, Pedro S, Dunstan F, Ebrarim S, Ben-Shlomo Y. Does
anxiety affect risk of dementia? Findings from the Caerphilly Prospective Study. Psychosom Med.
2009; 71:659-666. [PubMed: 19553290]

Jelicic M, Bosma H, Ponds RWHM, Van Boxtel MPJ, Houx PJ, Jolles J. Subjective sleep problems
in later life as predictors of cognitive decline. Report from the Maastricht Ageing Study (MAAS).
Int J Geriatr Psychiatry. 2002; 17:73-77. [PubMed: 11802234]

Potvin O, Phd DL, Forget H, Dube M, Grenier S, Preville M, Hudon C. Sleep quality and 1-year
incident cognitive impairment in community-dwelling older adults. Sleep. 2012; 35:491-499.
[PubMed: 22467987]

Keage HAD, Banks S, Yang KL, Morgan K, Brayne C, Matthews FE. What sleep characteristics
predict cognitive decline in the elderly? Sleep Med. 2012; 13:886-892. [PubMed: 22560827]
Marin MF, Lord C, Andrews J, Juster RP, Sindi S, Arsenault-Lapierre G, Fiocco AJ, Lupien SJ.
Chronic stress, cognitive functioning and mental health. Neurobiol Learn Mem. 2011; 96:583-595.
[PubMed: 21376129]

Potvin O, Forget H, Grenier S, Preville M, Hudon C. Anxiety, depression, and 1-year incident
cognitive impairment in community-dwelling older adults. J Am Geriatr Soc. 2011; 59:1421—
1428. [PubMed: 21797836]

Gao Y, Huang C, Zhao K, Ma L, Qiu X, Zhang L, Xiu Y, Chen L, Lu W, Huang C, Tang Y, Xiao Q.
Depression as a risk factor for dementia and mild cognitive impairment: A meta-analysis of
longitudinal studies. Int J Geriatr Psychiatry. 2013; 28:441-449. [PubMed: 22815126]

Lu FP, Lin KP, Kuo HK. Diabetes and the risk of multi-system aging phenotypes: A systematic
review and meta-analysis. PLoS One. 2009; 4:e4144. [PubMed: 19127292]

Kloppenborg RP, van den Berg E, Kappelle LJ, Biessels GJ. Diabetes and other vascular risk
factors for dementia: Which factor matters most? A systematic review. Eur J Pharmacol. 2008;
585:97-108. [PubMed: 18395201]

Barnett JH, Lewis L, Blackwell AD, Taylor M. Early intervention in Alzheimer’s disease: A health
economic study of the effects of diagnostic timing. BMC Neurol. 2014; 14:101. [PubMed:
24885474]

Caldwell CC, Yao J, Brinton RD. Targeting the prodromal stage of Alzheimer’s disease:
Bioenergetic and mitochondrial opportunities. Neurotherapeutics. 2015; 12:66-80. [PubMed:
25534394]

Corey-Bloom J. Treatment trials in aging and mild cognitive impairment. Curr Top Behav
Neurosci. 2012; 10:347-356. [PubMed: 21786037]

Peavy GM, Salmon DP, Jacobson MW, Hervey A, Gamst AC, Wolfson T, Patterson TL, Goldman
S, Mills PJ, Khandrika S, Galasko D. Effects of chronic stress on memory decline in cognitively
normal and mildly impaired older adults. Am J Psychiatry. 2009; 166:1384-1391. [PubMed:
19755573]

Innes KE, Selfe TK, Vishnu A. Mind-body therapies for menopausal symptoms: A systematic
review. Maturitas. 2010; 66:135-149. [PubMed: 20167444]

Bowers TA, Wetsel MA. Utilization of music therapy in palliative and hospice care: An integrative
review. J Hosp Palliat Nurs. 2014; 16:231-239.

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 17

Kamioka H, Tsutani K, Yamada M, Park H, Okuizumi H, Tsuruoka K, Honda T, Okada S, Park SJ,
Kitayuguchi J, Abe T, Handa S, Oshio T, Mutoh Y. Effectiveness of music therapy: A summary of
systematic reviews based on randomized controlled trials of music interventions. Patient Prefer
Adherence. 2014; 8:727-754. [PubMed: 24876768]

Marciniak R, Sheardova K, Cermakova P, Hudecek D, Sumec R, Hort J. Effect of meditation on
cognitive functions in context of aging and neurodegenerative diseases. Front Behav Neurosci.
2014; 8:17. [PubMed: 24478663]

Gard T, Holzel BK, Lazar SW. The potential effects of meditation on age-related cognitive decline:
A systematic review. Ann N Y Acad Sci. 2014; 1307:89-103. [PubMed: 24571182]

Sarkamo T, Tervaniemi M, Laitinen S, Numminen A, Kurki M, Johnson JK, Rantanen P. Cognitive,
emotional, and social benefits of regular musical activities in early dementia: Randomized
controlled study. Gerontologist. 2014; 54:634-650. [PubMed: 24009169]

Raglio A, Bellelli G, Mazzola P, Bellandi D, Giovagnoli AR, Farina E, Stramba-Badiale M,
Gentile S, Gianelli MV, Ubezio MC, Zanetti O, Trabucchi M. Music, music therapy and dementia:
A review of literature and the recommendations of the Italian Psychogeriatric Association.
Maturitas. 2012; 72:305-310. [PubMed: 22743206]

Wall M, Duffy A. The effects of music therapy for older people with dementia. Br J Nurs. 2010;
19:108-113. [PubMed: 20220649]

Guetin S, Charras K, Berard A, Arbus C, Berthelon P, Blanc F, Blayac JP, Bonte F, Bouceffa JP,
Clement S, Ducourneau G, Gzil F, Laeng N, Lecourt E, Ledoux S, Platel H, Thomas-Anterion C,
Touchon J, Vrait FX, Leger JM. An overview of the use of music therapy in the context of
Alzheimer’s disease: A report of a French expert group. Dementia (London). 2013; 12:619-634.
[PubMed: 24337333]

Ueda T, Suzukamo Y, Sato M, Izumi S. Effects of music therapy on behavioral and psychological
symptoms of dementia: A systematic review and meta-analysis. Ageing Res Rev. 2013; 12:628—
641. [PubMed: 23511664]

Abdulrab K, Heun R. Subjective Memory Impairment. A review of its definitions indicates the
need for a comprehensive set of standardised and validated criteria. Eur Psychiatry. 2008; 23:321—
330. [PubMed: 18434102]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav.
1983; 24:385-396. [PubMed: 6668417]

Cohen, S. Perceived stress in a probability sample of the United States. In: Spacapan, S., Oskamp,
S., editors. The Social Psychology of Health. Sage Publications; Thousand Oaks: 1988. p. 31-67.
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index:
A new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28:193-213.
[PubMed: 2748771]

Berger BG, Motl RW. Exercise and mood: A selective review and synthesis of research employing
the Profile of Mood States. / Exercice et humeur: Une revue et synthese selective de la recherche
sur les profils des etats d’humeur. J Appl Sport Psychol. 2000; 12:69-92.

Ryff CD, Keyes CL. The structure of psychological well-being revisited. J Pers Soc Psychol. 1995;
69:719-727. [PubMed: 7473027]

Gilewski MJ, Zelinski EM, Schaie KW. The Memory Functioning Questionnaire for assessment of
memory complaints in adulthood and old age. Psychol Aging. 1990; 5:482-490. [PubMed:
2278670]

Reitan RM. Validity of the Trail Making Test as an indicator of organic brain damage. Percept Mot
Skills. 1958; 8:271-276.

Wechsler, D. WAIS-R manual: Wechsler adult intelligence scale-revised. Psychological
Corporation; New York: 1981.

Lane JD, Seskevich JE, Pieper CF. Brief meditation training can improve perceived stress and
negative mood. Altern Ther Health Med. 2007; 13:38-44.

Blake H, Lincoln NB, Clarke DD. Caregiver strain in spouses of stroke patients. Clin Rehabil.
2003; 17:312-317. [PubMed: 12735539]

Foreman MD, Fletcher K, Mion LC, Simon L. Assessing cognitive function. Geriatr Nur (Lond).
1996; 17:228-233.

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

Page 18

80. Aschbacher K, Patterson TL, von Kanel R, Dimsdale JE, Mills PJ, Adler KA, Ancoli-Israel S,
Grant I. Coping processes and hemostatic reactivity to acute stress in dementia caregivers.
Psychosom Med. 2005; 67:964-971. [PubMed: 16314602]

81. Carlson LE, Speca M, Patel KD, Goodey E. Mindfulness-based stress reduction in relation to
quality of life, mood, symptoms of stress, and immune parameters in breast and prostate cancer
outpatients. Psychosom Med. 2003; 65:571-581. [PubMed: 12883107]

82. Fitzsimmons S, Buettner LL. Health promotion for the mind, body, and spirit: A college course for
older adults with dementia. Am J Alzheimers Dis Other Demen. 2003; 18:282-290. [PubMed:
14569645]

83. Annesi JJ. Changes in depressed mood associated with 10 weeks of moderate cardiovascular
exercise in formerly sedentary adults. Psychol Rep. 2005; 96:855-862. [PubMed: 16050652]

84. Johnson SK, Frederick J, Kaufman M, Mountjoy B. A controlled investigation of bodywork in
multiple sclerosis. J Altern Complement Med. 1999; 5:237-243. [PubMed: 10381247]

85. Walters SJ, Munro JF, Brazier JE. Using the SF-36 with older adults: A cross-sectional
community-based survey. Age Ageing. 2001; 30:337-343. [PubMed: 11509313]

86. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-item Short-Form Health Survey
(SF-36): I11. Tests of data quality, scaling assumptions, and reliability across diverse patient
groups. Med Care. 1994; 32:40-66. [PubMed: 8277801]

87. Beusterien KM, Steinwald B, Ware JE Jr. Usefulness of the SF-36 Health Survey in measuring
health outcomes in the depressed elderly. J Geriatr Psychiatry Neurol. 1996; 9:13-21. [PubMed:
8679058]

88. Kosinski M, Keller SD, Ware JE Jr, Hatoum HT, Kong SX. The SF-36 Health Survey as a generic
outcome measure in clinical trials of patients with osteoarthritis and rheumatoid arthritis: Relative
validity of scales in relation to clinical measures of arthritis severity. Med Care. 1999; 37:MS23-
MS39. [PubMed: 10335741]

89. Strodl E, Kenardy J, Aroney C. Perceived stress as a predictor of the self-reported new diagnosis of
symptomatic CHD in older women. Int J Behav Med. 2003; 10:205-220. [PubMed: 14525717]

90. Sahajpal P, Ralte R. Impact of induced yogic relaxation training (I'YRT) on stress-level, self-
concept and quality of sleep among minority group individuals. J Indian Psychol. 2000; 18:66-73.

91. Agid Y, Dubois B, Anand R, Gharabawi G. International Rivastigmine Investigators. Efficacy and
tolerability of rivastigmine in patients with dementia of the Alzheimer type. Curr Ther Res Clin
Exp. 1998; 59:837-845.

92. Cukierman T, Gerstein HC, Williamson JD. Cognitive decline and dementia in diabetes—systematic
overview of prospective observational studies. Diabetologia. 2005; 48:2460-2469. [PubMed:
16283246]

93. Bander RS, Russell RK, Zamostny KP. A comparison of cue-controlled relaxation and study skills
counseling in the treatment of mathematics anxiety. J Educ Psychol. 1982; 74:96-103.

94. Newberg AB, Wintering N, Khalsa DS, Roggenkamp H, Waldman MR. Meditation effects on
cognitive function and cerebral blood flow in subjects with memory loss: A preliminary study. J
Alzheimers Dis. 2010; 20:517-526. [PubMed: 20164557]

95. Ashendorf L, Jefferson AL, O’Connor MK, Chaisson C, Green RC, Stern RA. Trail Making Test
errors in normal aging, mild cognitive impairment, and dementia. Arch Clin Neuropsychol. 2008;
23:129-137. [PubMed: 18178372]

96. Sharma VK, Das S, Mondal S, Goswami U, Gandhi A. Effect of Sahaj Yoga on neuro-cognitive
functions in patients suffering from major depression. Indian J Physiol Pharmacol. 2006; 50:375-
383. [PubMed: 17402267]

97. Abbott RA, Ploubidis GB, Huppert FA, Kuh D, Wadsworth ME, Croudace TJ. Psychometric
evaluation and predictive validity of Ryff’s psychological well-being items in a UK birth cohort
sample of women. Health Qual Life Outcomes. 2006; 4:76. [PubMed: 17020614]

98. Innes KE, Selfe TK. The effects of a gentle yoga program on sleep, mood, and blood pressure in
older women with restless legs syndrome (RLS): A preliminary randomized controlled trial. Evid
Based Complement Alternat Med. 2012; 2012:294058. [PubMed: 22474497]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

Page 19

99. Innes KE, Selfe TK, Agarwal P, Williams K, Flack KL. Efficacy of an 8-week yoga intervention on

100.

101.

102.

103.

104.

105.
106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

symptoms of restless legs syndrome (RLS): A pilot study. J Altern Complement Med. 2013;
19:139-146.

Innes KE, Selfe TK, Brown C, Rose K, Thompson-Heisterman A. The effects of meditation on
perceived stress and related indices of psychological status and sympathetic activation in persons
with Alzheimer’s disease and their caregivers: A pilot study. Evid Based Complement Alternat
Med. 2012; 2012:927509. [PubMed: 22454689]

Devilly GJ, Borkovec TD. Psychometric properties of the credibility/expectancy questionnaire. J
Behav Ther Exp Psychiatry. 2000; 31:73-86. [PubMed: 11132119]

Smeets RJ, Beelen S, Goossens ME, Schouten EG, Knottnerus JA, Vlaeyen JW. Treatment
expectancy and credibility are associated with the outcome of both physical and cognitive-
behavioral treatment in chronic low back pain. Clin J Pain. 2008; 24:305-315. [PubMed:
18427229]

Innes KE, Selfe TK, Alexander GK, Taylor AG. A new educational film control for use in studies
of active mind-body therapies: Acceptability and feasibility. J Altern Complement Med. 2011;
17:453-458. [PubMed: 21554109]

DiBenedetto M, Innes KE, Taylor AG, Rodeheaver PF, Boxer JA, Wright HJ, Kerrigan DC. Effect
of a gentle lyengar yoga program on gait in the elderly: An exploratory study. Arch Phys Med
Rehabil. 2005; 86:1830-1837. [PubMed: 16181950]

Vickers AJ. How to randomize. J Soc Integr Oncol. 2006; 4:194-198. [PubMed: 17022927]

van Ginkel JR, Kroonenberg PM. Analysis of variance of multiply imputed data. Multivariate
Behav Res. 2014; 49:78-91. [PubMed: 24860197]

Carpenter, JR., Kenward, MG. Multiple imputation and its application. John Wiley & Sons;
Chichester, U.K: 2013.

Eckerstrom C, Olsson E, Klasson N, Berge J, Nordlund A, Bjerke M, Wallin A. Multimodal
prediction of dementia with up to 10 years follow up: The Gothenburg MCI Study. J Alzheimers
Dis. 2015; 44:205-214. [PubMed: 25201779]

Kivipelto M, Helkala EL, Hanninen T, Laakso MP, Hallikainen M, Alhainen K, Soininen H,
Tuomilehto J, Nissinen A. Midlife vascular risk factors and late-life mild cognitive impairment:
A population-based study. Neurology. 2001; 56:1683-1689. [PubMed: 11425934]

Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R, Backman L,
Hanninen T, Jula A, Laatikainen T, Lindstrom J, Mangialasche F, Paajanen T, Pajala S, Peltonen
M, Rauramaa R, Stigsdotter-Neely A, Strandberg T, Tuomilehto J, Soininen H, Kivipelto M. A 2
year multidomain intervention of diet, exercise, cognitive training, and vascular risk monitoring
versus control to prevent cognitive decline in at-risk elderly people (FINGER): A randomised
controlled trial. Lancet. 2015; 385:2255-2263. [PubMed: 25771249]

Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test-retest reliability and validity
of the Pittsburgh Sleep Quality Index in primary insomnia. J Psychosom Res. 2002; 53:737-740.
[PubMed: 12217446]

Hays RD, Morales LS. The RAND-36 measure of health-related quality of life. Ann Med. 2001,
33:350-357. [PubMed: 11491194]

Webster K, Cella D, Yost K. The Functional Assessment of Chronic Illness Therapy (FACIT)
Measurement System: Properties, applications, and interpretation. Health Qual Life Outcomes.
2003; 1:79. [PubMed: 14678568]

Cohen-Mansfield J, Cohen R, Buettner L, Eyal N, Jakobovits H, Rebok G, Rotenberg-Shpigelman
S, Sternberg S. Interventions for older persons reporting memory difficulties: A randomized
controlled pilot study. Int J Geriatr Psychiatry. 2015; 30:478-486. [PubMed: 25043482]
Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer FM, Xiao J, Greenop KR,
Almeida OP. Effect of physical activity on cognitive function in older adults at risk for Alzheimer
disease: A randomized trial. JAMA. 2008; 300:1027-1037. [PubMed: 18768414]

Strandberg T, Ngandu T, Antikainen R, Laatikainen T, Lindstrém J, Pajala S, Tuomilehto J,
Soininen H, Kivipelto M. Health-related quality of life in a multidomain intervention trial to
prevent cognitive decline (the FINGER Study). Eur Geriatr Med. 2015; 6S1:S5-S31.

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

Page 20

LeBlanc M, Merette C, Savard J, Ivers H, Baillargeon L, Morin CM. Incidence and risk factors of
insomnia in a population-based sample. Sleep. 2009; 32:1027-1037. [PubMed: 19725254]

Hayashino Y, Yamazaki S, Takegami M, Nakayama T, Sokejima S, Fukuhara S. Association
between number of comorbid conditions, depression, and sleep quality using the Pittsburgh Sleep
Quality Index: Results from a population-based survey. Sleep Med. 2010; 11:366-371. [PubMed:
20219425]

McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-Item Short-Form Health Survey (SF-36): 11.
Psychometric and clinical tests of validity in measuring physical and mental health constructs.
Med Care. 1993; 31:247-263. [PubMed: 8450681]

Nyenhuis DL, Yamamoto C, Luchetta T, Terrien A, Parmentier A. Adult and geriatric normative
data and validation of the profile of mood states. J Clin Psychol. 1999; 55:79-86. [PubMed:
10100834]

Illa L, Brickman A, Saint-Jean G, Echenique M, Metsch L, Eisdorfer C, Bustamante-Avellaneda
V, Sanchez-Martinez M. Sexual risk behaviors in late middle age and older HIV seropositive
adults. AIDS Behav. 2008; 12:935-942. [PubMed: 18404364]

Stanton AL, Snider PR. Coping with a breast cancer diagnosis: A prospective study. Health
Psychol. 1993; 12:16-23. [PubMed: 8462494]

Deimling GT, Wagner LJ, Bowman KF, Sterns S, Kercher K, Kahana B. Coping among older-
adult, long-term cancer survivors. Psychooncology. 2006; 15:143-159. [PubMed: 15880638]
Cimprich B. Pretreatment symptom distress in women newly diagnosed with breast cancer.
Cancer Nurs. 1999; 22:185-194. quiz 195. [PubMed: 10376379]

Sullivan MJ, Wood L, Terry J, Brantley J, Charles A, McGee V, Johnson D, Krucoff MW,
Rosenberg B, Bosworth HB, Adams K, Cuffe MS. The Support, Education, and Research in
Chronic Heart Failure Study (SEARCH): A mindfulness-based psychoeducational intervention
improves depression and clinical symptoms in patients with chronic heart failure. Am Heart J.
2009; 157:84-90. [PubMed: 19081401]

Conn VS, Taylor SG, Wiman P. Anxiety, depression, quality of life, and self-care among survivors
of myocardial infarction. Issues Ment Health Nurs. 1991; 12:321-331. [PubMed: 1938339]

Brummett BH, Barefoot JC, Siegler IC, Clapp-Channing NE, Lytle BL, Bosworth HB, Williams
RB Jr, Mark DB. Characteristics of socially isolated patients with coronary artery disease who
are at elevated risk for mortality. Psychosom Med. 2001; 63:267-272. [PubMed: 11292274]

Wu SM, Amtmann D. Psychometric evaluation of the perceived stress scale in multiple sclerosis.
ISRN Rehabil. 2013; 2013:1-9.

Golden-Kreutz DM, Browne MW, Frierson GM, Andersen BL. Assessing stress in cancer patients
- A second-order factor analysis model for the perceived stress scale. Assessment. 2004; 11:216—
223. [PubMed: 15358877]

Palmer K, Berger AK, Monastero R, Winblad B, Backman L, Fratiglioni L. Predictors of
progression from mild cognitive impairment to Alzheimer disease. Neurology. 2007; 68:1596—
1602. [PubMed: 17485646]

Katz MJ, Derby CA, Wang C, Sliwinski MJ, Ezzati A, Zimmerman ME, Zwerling JL, Lipton RB.
Influence of perceived stress on incident amnestic mild cognitive impairment: Results from the
Einstein Aging Study. Alzheimer Dis Assoc Disord. 2015; doi: 10.1097/WAD.
0000000000000125
Zuniga K, Mackenzie M, Kramer A, McAuley E. Subjective memory impairment and well-being
in community-dwelling older adults. Ann Behav Med. 2014; 47:S37.

Aarts S, van den Akker M, Hajema KJ, van Ingen AM, Metsemakers JFM, Verhey FRJ, van
Boxtel MPJ. Multimorbidity and its relation to subjective memory complaints in a large general
population of older adults. Int Psychogeriatr. 2011; 23:616-624. [PubMed: 21044401]

Waldorff FB, Siersma V, Waldemar G. Association between subjective memory complaints and
health care utilisation: A three-year follow up. BMC Geriatr. 2009; 9:43. [PubMed: 19775441]
Hurt CS, Burns A, Barrowclough C. Perceptions of memory problems are more important in
predicting distress in older adults with subjective memory complaints than coping strategies. Int
Psychogeriatr. 2011; 23:1334-1343. [PubMed: 21418725]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Page 21

Draper B, Peisah C, Snowdon J, Brodaty H. Early dementia diagnosis and the risk of suicide and
euthanasia. Alzheimers Dement. 2010; 6:75-82. [PubMed: 20129322]

Corner L, Bond J. Being at risk of dementia: Fears and anxieties of older adults. J Aging Stud.
2004; 18:143-155.

Fox C, Lafortune L, Boustani M, Brayne C. The pros and cons of early diagnosis in dementia. Br
J Gen Pract. 2013; 63:e510-e512. [PubMed: 23834890]

Garand L, Lingler JH, Conner KO, Dew MA. Diagnostic labels, stigma, and participation in
research related to dementia and mild cognitive impairment. Res Gerontol Nurs. 2009; 2:112—
121. [PubMed: 20077972]

Wang DJJ, Rao HY, Korczykowski M, Wintering N, Pluta J, Khalsa DS, Newberg AB. Cerebral
blood flow changes associated with different meditation practices and perceived depth of
meditation. Psychiatry Res Neuroimaging. 2011; 191:60-67. [PubMed: 21145215]

Newberg AB, Wintering N, Waldman MR, Amen D, Khalsa DS, Alavi A. Cerebral blood flow
differences between long-term meditators and non-meditators. Conscious Cogn. 2010; 19:899—
905. [PubMed: 20570534]

Rubia K. The neurobiology of Meditation and its clinical effectiveness in psychiatric disorders.
Biol Psychol. 2009; 82:1-11. [PubMed: 19393712]

Koelsch S. A neuroscientific perspective on music therapy. Ann N 'Y Acad Sci. 2009; 1169:374—
384. [PubMed: 19673812]

Newberg AB, Iversen J. The neural basis of the complex mental task of meditation:
Neurotransmitter and neurochemical considerations. [see comment]. Med Hypotheses. 2003;
61:282-291. [PubMed: 12888320]

Kjaer TW, Bertelsen C, Piccini P, Brooks D, Alving J, Lou HC. Increased dopamine tone during
meditation-induced change of consciousness. Brain Res Cogn Brain Res. 2002; 13:255-259.
[PubMed: 11958969]

Lazar SW, Bush G, Gollub RL, Fricchione GL, Khalsa G, Benson H. Functional brain mapping of
the relaxation response and meditation. Neuroreport. 2000; 11:1581-1585. [PubMed: 10841380]
Khalsa, DS., Newberg, A. Kirtan Kriya meditation: A promising technique for enhancing
cognition in memory-impaired older adults. In: Hartman-Stein, PE., Rue, AL., editors. Enhancing
Cognitive Fitness in Adults: A Guide to the Use and Development of Community-Based
Programs. Springer; New York: 2011. p. 419-431.

Guleria A, Kumar U, Kishan SSK, Khetrapal CL. Effect of “SOHAM” meditation on the human
brain: An fMRI study. Psychiatry Res. 2013; 214:462-465. [PubMed: 24090513]

Lazar SW, Kerr CE, Wasserman RH, Gray JR, Greve DN, Treadway MT, McGarvey M, Quinn
BT, Dusek JA, Benson H, Rauch SL, Moore CI, Fischl B. Meditation experience is associated
with increased cortical thickness. Neuroreport. 2005; 16:1893-1897. [PubMed: 16272874]

Holzel BK, Ott U, Gard T, Hempel H, Weygandt M, Morgen K, Vaitl D. Investigation of
mindfulness meditation practitioners with voxel-based morphometry. Soc Cogn Affect Neurosci.
2008; 3:55-61. [PubMed: 19015095]

Pagnoni G, Cekic M. Age effects on gray matter volume and attentional performance in Zen
meditation. Neurobiol Aging. 2007; 28:1623-1627. [PubMed: 17655980]

Luders E, Cherbuin N, Kurth F. Forever Young(er): Potential age-defying effects of long-term
meditation on gray matter atrophy. Front Psychol. 2014; 5:1551. [PubMed: 25653628]
Lavretsky H, Epel ES, Siddarth P, Nazarian N, Cyr NS, Khalsa DS, Lin J, Blackburn E, Irwin
MR. A pilot study of yogic meditation for family dementia caregivers with depressive symptoms:
Effects on mental health, cognition, and telomerase activity. Int J Geriatr Psychiatry. 2013;
28:57-65. [PubMed: 22407663]

Canela A, Vera E, Klatt P, Blasco MA. High-throughput telomere length quantification by FISH
and its application to human population studies. Proc Natl Acad Sci U S A. 2007; 104:5300-
5305. [PubMed: 17369361]

Valdes AM, Deary 1J, Gardner J, Kimura M, Lu X, Spector TD, Aviv A, Cherkas LF. Leukocyte
telomere length is associated with cognitive performance in healthy women. Neurobiol Aging.
2010; 31:986-992. [PubMed: 18718693]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Page 22

Grodstein F, van Oijen M, Irizarry MC, Rosas HD, Hyman BT, Growdon JH, De Vivo I. Shorter
telomeres may mark early risk of dementia: Preliminary analysis of 62 participants from the
Nurses’ Health Study. PLoS One. 2008; 3:e1590. [PubMed: 18795148]

Lin J, Epel E, Blackburn E. Telomeres and lifestyle factors: Roles in cellular aging. Mutat Res.
2012; 730:85-89. [PubMed: 21878343]

Epel E, Daubenmier J, Moskowitz JT, Folkman S, Blackburn E. Can meditation slow rate of
cellular aging? Cognitive stress, mindfulness, and telomeres. Ann N Y Acad Sci. 2009; 1172:34—
53. [PubMed: 19735238]

Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, Cawthon RM. Accelerated
telomere shortening in response to life stress. Proc Natl Acad Sci U S A. 2004; 101:17312—
17315. [PubMed: 15574496]

Epel ES, Lin J, Wilhelm FH, Wolkowitz OM, Cawthon R, Adler NE, Dolbier C, Mendes WB,
Blackburn EH. Cell aging in relation to stress arousal and cardiovascular disease risk factors.
Psychoneuroendocrinology. 2006; 31:277-287. [PubMed: 16298085]

Damjanovic AK, Yang YH, Glaser R, Kiecolt-Glaser JK, Nguyen H, Laskowski B, Zou Y X,
Beversdorf DQ, Weng NP. Accelerated telomere erosion is associated with a declining immune
function of care-givers of Alzheimer’s disease patients. J Immunol. 2007; 179:4249-4254.
[PubMed: 17785865]

Shammas MA.. Telomeres, lifestyle, cancer, and aging. Curr Opin Clin Nutr Metab Care. 2011;
14:28-34. [PubMed: 21102320]

Barcelo A, Pierola J, Lopez-Escribano H, de la Pena M, Soriano JB, Alonso-Fernandez A,
Ladaria A, Agusti A. Telomere shortening in sleep apnea syndrome. Respir Med. 2010;
104:1225-1229. [PubMed: 20430605]

Prather AA, Puterman E, Lin J, O’Donovan A, Krauss J, Tomiyama AJ, Epel ES, Blackburn EH.
Shorter leukocyte telomere length in midlife women with poor sleep quality. J Aging Res. 2011;
2011:721390. [PubMed: 22046530]

Elvsashagen T, Vera E, Boen E, Bratlie J, Andreassen OA, Josefsen D, Malt UF, Blasco MA,
Boye B. The load of short telomeres is increased and associated with lifetime number of
depressive episodes in bipolar Il disorder. J Affect Disord. 2011; 135:43-50. [PubMed:
21880373]

Simon NM, Smoller JW, McNamara KL, Maser RS, Zalta AK, Pollack MH, Nierenberg AA,
Fava M, Wong KK. Telomere shortening and mood disorders: Preliminary support for a chronic
stress model of accelerated aging. Biol Psychiatry. 2006; 60:432-435. [PubMed: 16581033]
Martin-Ruiz C, Dickinson HO, Keys B, Rowan E, Kenny RA, Von Zglinicki T. Telomere length
predicts poststroke mortality, dementia, and cognitive decline. Ann Neurol. 2006; 60:174-180.
[PubMed: 16685698]

Yaffe K, Lindquist K, Kluse M, Cawthon R, Harris T, Hsueh WC, Simonsick EM, Kuller L, Li
RL, Ayonayon HN, Rubin SM, Cummings SR, Study HA. Telomere length and cognitive
function in community-dwelling elders: Findings from the Health ABC Study. Neurobiol Aging.
2011; 32:2055-2060. [PubMed: 20031273]

Ravnik-Glavac M, Hrasovec S, Bon J, Dreo J, Glavac D. Genome-wide expression changes in a
higher state of consciousness. Conscious Cogn. 2012; 21:1322-1344. [PubMed: 22742996]
Dusek JA, Otu HH, Wohlhueter AL, Bhasin M, Zerbini LF, Joseph MG, Benson H, Libermann
TA. Genomic counter-stress changes induced by the relaxation response. PLoS One. 2008;
3:2576. [PubMed: 18596974]

Sharma H, Datta P, Singh A, Sen S, Bhardwaj NK, Kochupillai V, Singh N. Gene expression
profiling in practitioners of Sudarshan Kriya. J Psychosom Res. 2008; 64:213-218. [PubMed:
18222135]

Creswell JD, Irwin MR, Burklund LJ, Lieberman MD, Arevalo JM, Ma J, Breen EC, Cole SW.
Mindfulness-Based Stress Reduction training reduces loneliness and pro-inflammatory gene
expression in older adults: A small randomized controlled trial. Brain Behav Immun. 2012;
26:1095-1101. [PubMed: 22820409]

Black DS, Cole SW, Irwin MR, Breen E, St Cyr NM, Nazarian N, Khalsa DS, Lavretsky H. Yogic
meditation reverses NF-kappaB and IRF-related transcriptome dynamics in leukocytes of family

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Page 23

dementia caregivers in a randomized controlled trial. Psychoneuroendocrinology. 2013; 38:348—
355. [PubMed: 22795617]

Saatcioglu F. Regulation of gene expression by yoga, meditation and related practices: A review
of recent studies. Asian J Psychiatr. 2013; 6:74-77. [PubMed: 23380323]

Takimoto-Ohnishia E, Ohnishia J, Murakamia K. Mind-body medicine: Effect of the mind on
gene expression. Personalized Med Universe. 2012; 1:2-6.

Cotman CW. The role of neurotrophins in brain aging: A perspective in honor of Regino Perez-
Polo. Neurochem Res. 2005; 30:877-881. [PubMed: 16187222]

Kalman J, Kitajka K, Pakaski M, Zvara A, Juhasz A, Vincze G, Janka Z, Puskas LG. Gene
expression profile analysis of lymphocytes from Alzheimer’s patients. Psychiatr Genet. 2005;
15:1-6. [PubMed: 15722950]

Twine NA, Janitz K, Wilkins MR, Janitz M. Whole transcriptome sequencing reveals gene
expression and splicing differences in brain regions affected by Alzheimer’s disease. PL0oS One.
2011, 6:216266. [PubMed: 21283692]

Katsel P, Li C, Haroutunian V. Gene expression alterations in the sphingolipid metabolism
pathways during progression of dementia and Alzheimer’s disease: A shift toward ceramide
accumulation at the earliest recognizable stages of Alzheimer’s disease? Neurochem Res. 2007;
32:845-856. [PubMed: 17342407]

Rivera EJ, Goldin A, Fulmer N, Tavares R, Wands JR, de la Monte SM. Insulin and insulin-like
growth factor expression and function deteriorate with progression of Alzheimer’s disease: Link
to brain reductions in acetylcholine. J Alzheimers Dis. 2005; 8:247-268. [PubMed: 16340083]
Pasinetti GM, Ho L. From cDNA microarrays to high-throughput proteomics. Implications in the
search for preventive initiatives to slow the clinical progression of Alzheimer’s disease dementia.
Restor Neurol Neurosci. 2001; 18:137-142. [PubMed: 11847436]

Bittman B, Berk L, Shannon M, Sharaf M, Westengard J, Guegler KJ, Ruff DW. Recreational
music-making modulates the human stress response: A preliminary individualized gene
expression strategy. Med Sci Monit. 2005; 11:BR31-BR40. [PubMed: 15668624]

Mortimer JA, Ding D, Borenstein AR, DeCarli C, Guo Q, Wu Y, Zhao Q, Chu S. Changes in
brain volume and cognition in a randomized trial of exercise and social interaction in a
community-based sample of non-demented Chinese elders. J Alzheimers Dis. 2012; 30:757-766.
[PubMed: 22451320]

Wells RE, Yeh GY, Kerr CE, Wolkin J, Davis RB, Tan Y, Spaeth R, Wall RB, Walsh J, Kaptchuk
TJ, Press D, Phillips RS, Kong J. Meditation’s impact on default mode network and hippocampus
in mild cognitive impairment: A pilot study. Neurosci Lett. 2013; 556:15-19. [PubMed:
24120430]

Holzel BK, Carmody J, Vangel M, Congleton C, Yerramsetti SM, Gard T, Lazar SW. Mindfulness
practice leads to increases in regional brain gray matter density. Psychiatry Res. 2011; 191:36-
43. [PubMed: 21071182]

Tang Y-Y, Lu Q, Feng H, Tang R, Posner MI. Short-term meditation increases blood flow in
anterior cingulate cortex and insula. Front Psychol. 2015; 6:212. [PubMed: 25767459]

Pomykala KL, Silverman DH, Geist CL, Voege P, Siddarth P, Nazarian N, St Cyr NM, Khalsa
DS, Lavretsky H. A pilot study of the effects of meditation on regional brain metabolism in
distressed dementia caregivers. Aging Health. 2012; 8:509-516. [PubMed: 23378856]

Khalsa DS, Amen D, Hanks C, Money N, Newberg A. Cerebral blood flow changes during
chanting meditation. Nucl Med Commun. 2009; 30:956-961. [PubMed: 19773673]

Alexander CN, Langer EJ, Newman RI, Chandler HM, Davies JL. Transcendental meditation,
mindfulness, and longevity: An experimental study with the elderly. J Pers Soc Psychol. 1989;
57:950-964. [PubMed: 2693686]

Leach MJ, Francis A, Ziaian T. Transcendental Meditation for the improvement of health and
wellbeing in community-dwelling dementia caregivers [TRANSCENDENT]: A randomised
wait-list controlled trial. BMC Complement Altern Med. 2015; 15:145. [PubMed: 25952550]
Moynihan JA, Chapman BP, Klorman R, Krasner MS, Duberstein PR, Brown KW, Talbot NL.
Mindfulness-based stress reduction for older adults: Effects on executive function, frontal alpha
asymmetry and immune function. Neuropsychobiology. 2013; 68:34-43. [PubMed: 23774986]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Innes et al.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

Page 24

Oken BS, Fonareva |, Haas M, Wahbeh H, Lane JB, Zajdel D, Amen A. Pilot controlled trial of
mindfulness meditation and education for dementia caregivers. J Altern Complement Med. 2010;
16:1031-1038. [PubMed: 20929380]

Mallya S, Fiocco AJ. Effects of mindfulness training on cognition and well-being in healthy older
adults. Mindfulness. 2016; 7:453-465.

Wells RE, Kerr CE, Wolkin J, Dossett M, Davis RB, Walsh J, Wall RB, Kong J, Kaptchuk T,
Press D, Phillips RS, Yeh G. Meditation for adults with mild cognitive impairment: A pilot
randomized trial. J Am Geriatr Soc. 2013; 61:642-645. [PubMed: 23581918]

Ernst S, Welke J, Heintze C, Gabriel R, Zollner A, Kiehne S, Schwantes U, Esch T. Effects of
mindfulness-based stress reduction on quality of life in nursing home residents: A feasibility
study. Forsch Komplementmed. 2008; 15:74-81. [PubMed: 18496020]

Sun JX, Kang JX, Wang P, Zeng H. Self-relaxation training can improve sleep quality and
cognitive functions in the older: A one-year randomised controlled trial. J Clin Nurs. 2013;
22:1270-1280. [PubMed: 23574290]

Moss A, Wintering N, Roggenkamp H, Khalsa DS, Waldman MR, Monti D, Newberg AB.
Effects of an eight week meditation program on mood and anxiety in patients with memory loss.
J Altern Complement Med. 2012; 18:48-53. [PubMed: 22268968]

Luck T, Riedel-Heller SG, Luppa M, Wiese B, Bachmann C, Jessen F, Bickel H, Weyerer S,
Pentzek M, Konig HH, Prokein J, Eisele M, Wagner M, Mosch E, Werle J, Fuchs A,
Brettschneider C, Scherer M, Breitner JC, Maier W. A hierarchy of predictors for dementia-free
survival in old-age: Results of the AgeCoDe study. Acta Psychiatr Scand. 2014; 129:63-72.
[PubMed: 23521526]

Fonseca J, Ducksbury R, Rodda J. Factors that predict cognitive decline in patients with
subjective cognitive impairment. Int Psychogeriatr. 2015; 27:1671-1677. [PubMed: 25812703]

Rapp S, Brenes G, Marsh AP. Memory enhancement training for older adults with mild cognitive
impairment: A preliminary study. Aging Ment Health. 2002; 6:5-11. [PubMed: 11827617]

Zelinski EM, Gilewski MJ, Anthonybergstone CR. Memory Functioning Questionnaire -
concurrent validity with memory performance and self-reported memory failures. Psychol Aging.
1990; 5:388-399. [PubMed: 2242243]

Klusmann V, Evers A, Schwarzer R, Schlattmann P, Reischies FM, Heuser I, Dimeo FC. Complex
mental and physical activity in older women and cognitive performance: A 6-month randomized
controlled trial. J Gerontol A Biol Sci Med Sci. 2010; 65:680-688. [PubMed: 20418350]

Coyle H, Traynor V, Solowij N. Computerized and virtual reality cognitive training for
individuals at high risk of cognitive decline: Systematic review of the literature. Am J Geriatr
Psychiatry. 2015; 23:335-359. [PubMed: 24998488]

Diamond K, Mowszowski L, Cockayne N, Norrie L, Paradise M, Hermens DF, Lewis SJG,
Hickie IB, Naismith SL. Randomized controlled trial of a healthy brain ageing cognitive training
program: Effects on memory, mood, and sleep. J Alzheimers Dis. 2015; 44:1181-1191.
[PubMed: 25408218]

Greenaway MC, Duncan NL, Smith GE. The memory support system for mild cognitive
impairment: Randomized trial of a cognitive rehabilitation intervention. Int J Geriatr Psychiatry.
2013; 28:402-409. [PubMed: 22678947]

Kurz A, Pohl C, Ramsenthaler M, Sorg C. Cognitive rehabilitation in patients with mild cognitive
impairment. Int J Geriatr Psychiatry. 2009; 24:163-168. [PubMed: 18636436]

Chan MF, Wong ZY, Onishi H, Thayala NV. Effects of music on depression in older people: A
randomised controlled trial. J Clin Nurs. 2012; 21:776-783. [PubMed: 22035368]

Chan MF, Chan EA, Mok E. Effects of music on depression and sleep quality in elderly people: A
randomised controlled trial. Complement Ther Med. 2010; 18:150-159. [PubMed: 20688261]
Imtiaz B, Tolppanen AM, Kivipelto M, Soininen H. Future directions in Alzheimer’s disease from
risk factors to prevention. Biochem Pharmacol. 2014; 88:661-670. [PubMed: 24418410]

J Alzheimers Dis. Author manuscript; available in PMC 2017 October 20.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Innes et al.

Table 1

Major eligibility criteria

Page 25

Major Inclusion Criteria

Major Exclusion Criteria

Adults at least 50 years old with (a) MCI or (b) SCD, defined as:

a.

Physician confirmed diagnosis of mild cognitive impairment
(MCI) at least 6 weeks ago and current exam within the past 12
months

Subjective cognitive decline (SCD) meeting the following
criteria:{

1. presence of subjective cognitive deficits within the
past 6 months;

2. frequency of memory problems at least 1x/wk;

3. able to give an example in which memory/cognitive
problems occur in everyday life;

4. belief that one’s cognitive capacities have declined
in comparison with 5 or 10 years previously; and

5. absence of overt cognitive deficits or dementia
diagnosis

6. concerns/worries regarding memory problems

For those with MCI, a study buddy willing to attend all assessment visits; For
those with SCD and concerned about their ability to fully understand consent
or complete questionnaires, study buddy willing to attend baseline visit and
other assessments if needed

Willing and able to complete the intervention and all assessments

Willing to avoid new treatments other than the assigned intervention

Practiced meditation or other relaxation technique within the
past year

Recently (within the last 6 weeks) changed dosage of
cholinesterase inhibitors (e.g., donepezil (Aricept),
galantamine (Razadyne), rivastigmine (Exelon)) or
psychotropic medication (e.g., anti-psychotics, tricyclics,
SSRIs, MAOISs, anti-panic or anti-anxiety agents)

History of psychotic or schizophrenic episodes, major
neurologic diagnosis (Parkinson’s, stroke, brain injury,
epilepsy) or other condition that might impair cognition or
confound assessments (e.g., cardiovascular event within the
past 6 months (myocardial infarction, unstable angina,
hospitalization for congestive heart failure, bypass surgery or
angioplasty (coronary or carotid), TIA)

History of chemotherapy treatment within the past 10 years

Recent (within the last 3 months) serious physical trauma or
diagnosis of serious chronic health condition requiring
medical treatment and monitoring (e.g., uncontrolled
hypertension, serious endocrine or pulmonary disorder, renal
disease, active cancer treatment)

Not English-speaking

Participant in another intervention study within the past 30
days

'ZBased on Abdulrab et al. [68], Reisberg et al. [18], and Jessen et al. [3].
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Participant duration of memory concerns and baseline scores on memory and cognitive function tests, and on

sleep, stress, mood, well-being, and quality of life questionnaires

KK (N=30) ML (N=230) p
Mean (SE) Mean (SE)
Memory Functioning Questionnaire
Total 241.83(9.92) 253.43(10.07) 0.31
Frequency of Forgetfulness 138.50 (5.43)  146.77 (5.26) 0.28
Seriousness of Forgetting 64.83 (3.83) 73.87 (4.30) 0.15
Retrospective Memory Functioning 11.70 (0.63) 11.64 (0.62) 0.82
Mnemonic Use 21.92 (1.60) 21.48 (1.92) 0.35
Digit Symbol Substitution Test 50.57 (1.74)  50.20(1.83)  0.89
Trail-making Test (TMT)
TMT-A 33.76 (1.08)  34.63(2.18) 0.73
TMT-B 85.54 (7.14)  90.59 (7.64)  0.53
Months Experiencing Memory Problems (range 5 to 180 months, median =24 months)  36.30 £7.08  34.18+4.47  0.80
Perceived Stress and Sleep Quality
Perceived Stress Scale 17.37 (1.16) 15.33(1.32) 0.25
Pittsburgh Sleep Quality Index 9.38 (0.50) 8.68 (0.60) 0.33
Mood and Well-being
Profile of Mood States
Total 36.03(5.69) 21.36(5.96) 0.10
Tension/Anxiety 8.20 (1.23) 5.97 (1.15) 0.19
Confusion 6.87 (0.84) 5.07 (0.86) 0.11
Depression 11.60 (1.74) 8.54 (1.72) 0.18
Anger/Hostility 10.23 (1.29)  7.60(0.95)  0.12
Vigor 16.60 (1.14) 1450 (1.10)  0.19
Fatigue 13.63 (1.20)  11.00(1.16)  0.19
Psychological Well-being Scale 77.80 (1.97) 81.83 (2.15) 0.18
Health related Quality of Life (SF-36)
Mental Health Composite Score 65.74 (3.18) 69.07 (3.52) 0.48
Physical Health Composite Score 69.00 (3.64) 68.08 (3.81) 0.86
Role Emotional 70.00 (6.26)  70.00(6.66)  1.00
Emotional Well-being 68.13 (2.98) 74.40 (2.91) 0.15
Social Function 79.17 (3.46) 82.92 (3.47) 0.45
Energy/Vitality 4567 (3.54)  49.00 (4.47) 056
Physical Function 76.50 (4.07) 75.00 (4.31) 0.57
Role Physical 67.50 (6.13)  67.50 (7.00)  1.00
Pain 68.81 (3.58)  69.02(3.82) 0.82
General Health 64.04 (4.10)  64.46 (3.77)  0.65
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