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Abstract

Objectives Mindfulness-based interventions have been found to improve facets of attentional control. However, comparison with
active control groups has been scarce, and few studies have examined mindfulness as a means to ameliorate age-related cognitive
deficits. This rigorously designed randomized controlled trial investigated the effects of mindfulness-based attention training
(MBAT) on attentional control in older adults relative to an active control group.

Methods Seventy-four community-dwelling older adults were randomized to 4 weeks of MBAT or an active lifestyle education
control group. Pre- and post-intervention, participants completed two computerized measures of attentional control with inter-
mittent assessments of self-reported mind-wandering, with metrics of attentional control and mind-wandering being the primary
outcome variables for the study. Additionally, participants completed trait and state measures of mindfulness, the positive and
negative affect scale, and homework logs to assess intervention-related engagement.

Results Although we found some evidence for greater reductions in mind-wandering in the MBAT than the active control group,
the MBAT group did not exhibit greater improvements in attentional performance. Exploratory analyses revealed working
memory as a significant moderator of the observed effects, such that those in the MBAT group with higher working memory
showed greater improvement in attentional control.

Conclusions We found partial evidence that brief mindfulness training improves mind-wandering, but not attentional control in
older adults. Our study provides preliminary support for working memory as an important moderator of short-duration mind-
fulness training; however, given the exploratory nature of these effects, replication is warranted.
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The USA is an “aging nation” (Ortman et al. 2014). Projections
suggest that between the years 2012 and 2050, the population
of adults over age 65 will nearly double in size. With age comes
significant impairment across a number of cognitive domains
(Chao and Knight 1997; Verhaeghen 2011; Verhaeghen and
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Salthouse 1997) that have shown important linkages with the
ability to carry out activities of daily living (Vaughan and
Giovanello 2010) and quality of life (Kazazi et al. 2018).
Attentional control refers to the ability to optimize information
processing via selecting task-relevant information and
inhibiting task-irrelevant information to achieve complex be-
havioral goals (Petersen and Posner 2012). Prominent theories
accounting for age-related deficits in cognitive functioning have
posited that different facets of attentional control play a role in
higher-level cognitive processes and may drive age-related cog-
nitive deficits (Braver 2012; Braver et al. 2008; Hasher and
Zacks 1988). Hasher and Zacks’ (1988) theoretical account
suggested that deficits in inhibitory control primarily explain
age-related differences on higher-order tasks of executive con-
trol. On the other hand, the dual mechanism of control theory
(Braver 2012; Braver et al. 2008) contended that aging is char-
acterized by deficits in goal maintenance rather than a general
deficit in inhibitory control. According to this model, there are
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two modes of cognitive control that vary in their reliance on
attentional processes: proactive control (i.e., active goal main-
tenance) and reactive control (i.e., late correction). It has been
posited that with age, there is a shift away from use of proactive
strategies, which place higher demands on sustained attention,
toward greater reliance on less-taxing reactive strategies
(Paxton et al. 2008).

Much cognitive aging research has focused on examining
the efficacy of various cognitive training programs, as well as
lifestyle interventions (e.g., physical activity), for the enhance-
ment of cognitive and neural vitality (Lustig et al. 2009;
Prakash et al. 2015). Recently, mindfulness training has
emerged as a potential means for improving cognitive func-
tioning, particularly attentional control, across development.
Mindfulness training involves the purposeful, nonjudgmental
directing of attention to specific phenomena as they arise
(Kabat-Zinn 1982). Thus, attentional control is a central skill
involved in the practice of mindfulness. According to previ-
ously proposed models, mindfulness practices involve several
key facets of attentional control, including (1) conflict moni-
toring to continuously detect mind-wandering (i.e., shifts in
attention away from the task at hand and toward internal
thoughts) as it emerges, (2) attention switching to disengage
from distracting stimuli, (3) selective attention/inhibitory con-
trol to inhibit distracting stimuli and redirect attention to par-
ticular present-moment phenomena, and (4) sustained atten-
tion to maintain focus on target phenomena over a prolonged
period of time (Chiesa et al. 2011; Lutz et al. 2008). There has
also been some speculation that sustained engagement in
mindfulness practices could enhance other cognitive func-
tions, such as working memory and executive functions, as a
result of this cultivation of attentional control (Chiesa et al.
2011). In support of these theories, variants of mindfulness
meditation training in young-adult samples have yielded im-
provements in working memory (Mrazek et al. 2013), cogni-
tive flexibility (Greenberg et al. 2012; Heeren et al. 2009), and
various facets of attentional control including selective atten-
tion (Jensen et al. 2012; van Leeuwen et al. 2012), sustained
attention (Menezes et al. 2013; Semple 2010), attention
switching (Hodgins and Adair 2010), inhibitory control
(Semple 2010), and conflict monitoring (Ainsworth et al.
2013). In light of this promising evidence in young adults,
mindfulness training is increasingly being investigated as a
potential method for reducing age-related cognitive decline.

The few existing studies examining the effects of mindful-
ness training on cognition in older adults have utilized various
versions of the mindfulness-based stress reduction (MBSR)
program. The MBSR protocol, developed by Kabat-Zinn
(1982), emphasizes cultivation of present-moment awareness
through acceptance of thoughts, feelings, and sensations. The
protocol incorporates both focused attention (FA) meditation,
which consists of sustaining attention on a particular object,
and open-monitoring (OM) meditation, which involves non-
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reactively monitoring moment-to-moment experience (Lutz
etal. 2008). In its standard form, MBSR is an 8-week program
consisting of weekly 2.5-h classes and 45 min of daily mind-
fulness practice at home (e.g., breath awareness, sitting med-
itation) (Kabat-Zinn 2009). Initial studies of MBSR in older
adults have produced mixed findings. Moynihan et al. (2013)
found that an 8-week MBSR intervention produced small yet
significant changes in executive function among healthy older
adults. However, MBSR was only compared to a waitlist con-
trol in this study, precluding the authors from dissociating
mindfulness-specific effects from non-specific factors.
Another study, designed as a feasibility trial with no control
group comparisons, found that both 8-week and 12-week
MBSR improved executive function and memory among
older adults with significant anxiety-related distress and self-
reported cognitive dysfunction (Lenze et al. 2014).

More recent studies, published after the initiation of the
current study, yielded less promising results. Mallya and
Fiocco (2015) found that an 8-week MBSR intervention in
healthy older adults produced no significant improvements
in executive function, episodic memory, or verbal fluency
relative to a rest and relaxation active control group.
Similarly, Oken et al. (2017) found that a 6-week, one-on-
one program based on MBSR and mindfulness-based cogni-
tive therapy (Segal et al. 2002), in cognitively healthy older
adults endorsing moderate perceived stress led to reductions in
self-reported negative affect and stress but did not produce
significant improvements in working memory, verbal
fluency, processing speed, or inhibitory control relative to a
waitlist control group. Another recent study by Malinowski
et al. (2017) reported slightly more promising findings when
examining the effects of an 8-week mindful breath awareness
intervention relative to a brain training active control group in
healthy older adults. Although this study found no significant
between-group differences in emotion regulation or Stroop
accuracy, the mindfulness group did yield greater improve-
ments in response times and electrophysiological measures
during task performance, suggesting that mindfulness training
led to improvements in general task-related attentional pro-
cessing. These improvements occurred with only 10 min of
mindful breath awareness practice five times per week, which
is significantly less practice time than the typical MBSR
course.

Building upon the aging literature on mindfulness training,
this randomized controlled trial examined whether a briefer,
more targeted mindfulness intervention, referred to as
mindfulness-based attention training (MBAT), would improve
attentional control in older adults. Our primary outcomes of
interest were measures of performance and mind-wander-
ing—a proposed mechanism of mindfulness’ attentional
benefits—collected during two computerized tasks of atten-
tional control: a go/no-go task and a continuous performance
task. Although methodological shortcomings have limited the
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causal conclusions that may be drawn from many previous
studies, we predicted that mindfulness training would lead to
greater improvements in performance and reductions in mind-
wandering during each task relative to a lifestyle education
group. We additionally conducted exploratory analyses to ex-
amine WM as a moderator of the effects of mindfulness train-
ing. As secondary outcomes, we also collected self-report
measures of trait mindfulness, state mindfulness, and positive
and negative affect, hypothesizing that those in the MBAT
group should exhibit greater increases in trait and state mind-
fulness, greater increases in positive affect, and greater reduc-
tions in negative affect than those in the lifestyle education
group. Additionally, the role of engagement with intervention
material was examined to ensure that participants in each
group were similarly engaged and to explore how changes
in primary and secondary outcomes depended upon engage-
ment with intervention-related material.

Method
Participants

This study was approved by The Ohio State University
Institutional Review Board, and all methods were performed
in accordance with relevant guidelines and regulations. The
study registration number in the ClinicalTrials.gov register is
NCT03432754. Older adults (Mg = 66.16) were recruited
from the Columbus, Ohio area to participate in a 4-week in-
tervention designed to train health behaviors. Baseline data for
this longitudinal dataset have been presented in previous pub-
lications (Fountain-Zaragoza et al. 2016, 2018).
Advertisements referred to the study as a “Health and
Lifestyle Education Study,” described aspects common to
both groups, and excluded the phrases “mindfulness,” “med-
itation,” or “physical activity” to reduce participant bias in
favor of either the mindfulness training group or the lifestyle
education group. The study was promoted as a 4-week series
of workshops designed to promote overall well-being and
health in older adults. Participants were only given specific
information about their respective groups following random-
ization during the first day of the intervention. All participants
were fully debriefed on the nature of study as well as our goals
and hypotheses following study completion.

All participants were required to meet several inclusionary
criteria: (1) ages 60—74 years; (2) no prior exposure to mind-
fulness training, meditation, or yoga; (3) capable of attending
all sessions; (4) corrected visual acuity of 20/40 or better; (5)
normal color vision; (6) no self-reported history of psychiatric,
neurological, or chronic inflammatory conditions; (7) no reg-
ular use of psychiatric medication; (8) native English speaker;
(9) a score >23 on the Mini-Mental Status Examination
(Folstein et al. 1975); and (10) a score < 10 on the Geriatric

Depression Scale (Yesavage et al. 1982). Participants were
compensated $8 per hour for each assessment session.
Participants were not compensated for participation in inter-
vention groups, but training was provided at no cost. All par-
ticipants provided written, informed consent before participat-
ing according to policies set forth by The Ohio State
University Institutional Review Board.

Conducting a power calculation for this study was difficult
since no other study, at the conception and planning stages of
the current study, had examined the effects of mindfulness
training on attentional control and mind-wandering in older
adults. For this reason, we conducted a priori power analyses
using the closest study examining changes in these outcomes
as a function of mindfulness training in young adults (Mrazek
et al. 2013), which reported a partial eta-square of 0.08 for
improvements in WM capacity in the mindfulness group and a
partial eta-square of 0.15 for reductions in probe-caught mind-
wandering in the mindfulness group. Given that the outcome
of mind-wandering was more closely related to the primary
outcomes for the current study, we based our sample size of
off the latter partial eta-square value. Utilizing an alpha of
0.05, results indicated that a total sample size of 50 partici-
pants (25 participants per group) would be required to yield an
estimated power equal to 0.80. Additional participants were
recruited to account for potential drop-out.

Randomization was conducted by a study author using a
computerized random number generator program
(randomization.com), applying a varying block size of two
and four and stratifying participants by sex. All assessors, at
pre- and post-intervention, were blinded to group assign-
ments. To further reduce demand characteristics, participants
were unaware of which group was considered the experimen-
tal intervention until debriefed by an experimenter after com-
pleting the study. Study binders were created to blind group
assignment, and participants in each group were asked not to
discuss the sessions with members of the other group.

A total of 147 individuals underwent eligibility screening
over the phone and in person at an initial assessment session
(see Fig. 1 for the CONSORT diagram depicting a complete
progression of participants through each phase of the random-
ized trial). Of those eligible, 75 participants volunteered to
participate and were randomly assigned to groups. However,
one of these participants did not complete the first assessment
session and was randomized in error. Thus, 74 participants
who completed the first assessment session and met all eligi-
bility criteria were randomly assigned to either the MBAT
group or the active control group (lifestyle education). A total
of 37 participants were allocated to the mindfulness group,
and 37 participants were allocated to the active control group.
Of those, 25 participants in the MBAT group (Mg = 66.52;
56.00% female) and 32 participants in the active control group
(Mg = 66.47; 53.13% female) completed the entire study.
Three participants in the MBAT group and two participants
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[ Enrollment ]

Assessed for eligibility (n = 147)

Excluded (n=73)
+ Not meeting inclusion criteria (n = 52)

+ Declined to participate (n = 15)
+ Other reasons (n = 6)

Randomiz

ed (n =74)

, (

Allocation ] v
J

Allocated to mindfulness intervention (n = 37)

+ Received allocated intervention (n = 33)

+ Did not receive allocated intervention (n = 4)
- 4 declined to participate after pre session
prior to beginning intervention

Allocated to education intervention (n = 37)

+ Received allocated intervention (n = 36 )

+ Did not receive allocated intervention (n = 1)
- 1 declined to participate after pre session prior
to beginning intervention

[ Follow-Up ]

Discontinued intervention (n = 8)

- 5 dropped out after the first workshop
due to lack of interest, 2 dropped out after 2"
workshop due to lack of time, 1 had a conflicting
work schedule change

Discontinued Intervention but completed follow-
up testing (n = 3)

D{scontinued Intervention (n = 4)

- 1 was no longer interested after 15t
workshop, 1 dropped out after 2" workshop due to
lack of time, 1 did not reply to contact after 2"
workshop, 1 was excluded due to stroke

Discontinued intervention but completed follow-up
testing (n = 3)

o

Analysis ] 4

Total Analyzed
+ ITT (n=37)

J
Total Analyzed
«ITT (n=37)

Fig. 1 CONSORT flowchart depicting progression of participants through each phase of the study

in the active control group agreed to complete a post-
assessment after withdrawing from the intervention. In the
CONSORT figure, “total analyzed” refers to the total number
of participants included in the analyses reported in this paper.
Of the total number of participants included in analyses, post-
training data were imputed for nine participants allocated to
the MBAT group and two allocated to the lifestyle education
group who did not attend the post-training assessment ses-
sions. For more detailed information on participants included
in each analysis, please refer to the “Statistical Analyses”
section.

Procedure

This randomized control trial compared an MBAT group with
an active control lifestyle education group. Participants com-
pleted a 2.5-h assessment session, consisting of questionnaires
as well as paper-and-pencil and computerized cognitive tasks,
2 weeks prior to beginning the intervention (T1) and within
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2 weeks after the conclusion of the intervention (T2). All data
were collected by trained research staff and graduate students
at a research laboratory at The Ohio State University. There
were 10 different cohorts (five MBAT cohorts and five life-
style education cohorts) that participated between November
2014 and March 2015. MBAT and lifestyle education cohorts
were led by instructors with significant experience in facilitat-
ing their respective groups. Both interventions consisted of
four weekly 1.5-h meetings. Training duration was justified
based on the findings of significant effects of mindfulness
training on mind-wandering and cognitive functioning after
as few as 6 h of instruction (Mrazek et al. 2013). Meetings
for both groups were held at The Ohio State University’s
Psychological Services Center at the same times, but in differ-
ent group therapy rooms.

Answering the recent call for more thorough methodology
in randomized controlled trials examining cognitive gains in
older adults (“A Consensus” 2014), the control group was
designed to allow us to rule out the possible confounding
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effects of non-specific factors and attribute the observed find-
ings to the causal influence of principles and skills specific to
mindfulness training. Both groups were offered in a group
format in order to control for the possible effects of social
support and belonging on cognitive and attentional control
(Baumeister et al. 2002; Seeman et al. 2001). Additionally,
given that engagement both within- and between-sessions
can influence outcomes, we matched both groups on the time
allotted for lecture and the completion of intervention-related
activities in class meetings as well as the amount of homework
assigned (3045 min per day). Both groups completed the
state Mindful Attention Awareness Scale (Brown and Ryan
2003), which was relabeled Awareness Scale to reduce de-
mand characteristics, and the Positive and Negative Affect
Schedule—Short Form (PANAS-SF; Watson et al. 1988) at
the end of each class. To examine dose-response relationships
between engagement in respective exercises and cognitive
benefits, participants in both groups were asked to keep a daily
homework log throughout the 4 weeks of the intervention.
Additionally, we assessed participants’ beliefs about the cog-
nitive benefits they expected from their respective interven-
tions to further quantify placebo effects (see Supplemental
Materials).

Mindfulness-Based Attention Training Mindfulness training is
a form of mental training that emphasizes the regulation of
attention toward present-moment experiences, and it is be-
lieved to improve attentional control via reducing vulnerabil-
ity to reactive modes of the mind (Bishop 2002). Our MBAT
protocol was modeled after the traditional mindfulness-based
stress reduction (MBSR) protocol (Kabat-Zinn 1982), incor-
porating formal MBSR practices such as breath exercises
(directing focus away from free-floating thoughts and emo-
tions and reorienting toward the breath), body scans (directing
attention toward the present sensations of the body), and long
sitting meditations (practicing sustained nonjudgmental
awareness of thoughts and feelings arising moment by mo-
ment). However, in addition to being briefer than the tradition-
al MBSR protocol, our MBAT protocol also placed greater
emphasis on focused attention (FA) meditational practices
than open-monitoring (OM) meditational practices given that
the use of selective attention skills to concentrate on thoughts,
emotions, and bodily sensations in FA practices more directly
trains attentional skills (Lutz et al. 2008). During the first
3 weeks, the program was centered around body scans and
breath awareness practices to cultivate sustained attention.
Then, in the final week of the program, participants were
introduced to open-monitoring practices. A female instructor
trained in MBSR with 17 years of experience leading MBSR
groups led the MBAT group. Guided group meetings (5-9
members per group) consisted of a didactic component, en-
gagement with mindfulness practices, and review of home-
work. Additionally, participants were given audio recordings,

readings, and homework assignments consisting of various
mindfulness practices, as well as homework logs to facilitate
reflection and practice of material at home.

Lifestyle Education The active control group was focused on
providing scientific health and lifestyle information to
participants. Didactic lectures focused on concepts pre-
sented in the book “The Culprit and the Cure: Why
lifestyle is the culprit behind America’s poor health
and how transforming that lifestyle can be the cure”
(Aldana 2005). The text in this book summarizes re-
search underlying the health information presented by
the popular media. This group was led by a female
exercise physiologist. Group meetings (6—9 members
per group) consisted of a didactic component, discussing
how to begin and maintain a more nutritious diet, clas-
sifying healthy choices across food groups, completing
low-intensity stretching/toning exercises, and reviewing
homework. Homework included readings from “The
Culprit and the Cure,” diet monitoring, identifying new
healthy food choices, and completing 20 min of low-
intensity stretching and toning exercises per day.
Homework logs were also provided to facilitate reflec-
tion and engagement with material at home.

Further information about attendance for both groups can
be found in the Supplemental Materials. Additional details on
the two groups, along with session agendas and workbooks,
are available from the corresponding author upon request.

Measures

Word Version of the Continuous Performance Task The con-
tinuous performance task (CPT) assesses goal representation,
active goal maintenance, and goal updating in response to
contextual cues (Paxton et al. 2008). In this task, words were
presented to participants one at a time, in cue-probe pairs.
Participants were asked to respond “YES” with the index fin-
ger of their dominant hand when a target sequence (correct
cue, followed by correct probe) was complete and to respond
“NO” with their dominant-hand middle finger when it was not
complete. Task demand was manipulated by altering cue-
probe delay. Each participant was presented with four low-
demand blocks (delay = 1000 ms) and four high-demand
blocks (delay = 5000 ms). The primary outcome variables of
interest for this study were the signal detection sensitivity
scores for proactive (d-proactive) and reactive control (d-reac-
tive). Both signal detection sensitivity scores (d; ) were calcu-
lated using the formula for logistic distributions (In{[H(1-
FA)J/[(1-H)FA]}). The d-proactive score was calculated using
hit rates for “AX” (correct cue, correct probe) trials and false
alarm rates for “BX” (incorrect cue, correct probe trials). The
d-reactive score was calculated using hit rates for AX trials
and false alarm rates for “AY” (correct cue, incorrect probe)
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trials (Stawarczyk et al. 2014). Another variable of interest
was reaction time coefficient of variability (RT_CV).
RT _CV was calculated for the entire task by dividing the
standard deviation of reaction times by mean reaction time,
providing a behavioral measure of task engagement, with
higher variability indicating lower task engagement, indepen-
dent of mean differences (Cheyne et al. 2009). This task was
administered during assessment sessions at T1 and T2. Further
details on this task can be found in the Supplemental
Materials.

Modified Go/No-Go Task This task measures sustained atten-
tion and inhibitory control (O’Connell et al. 2008).
Participants were asked to respond to frequent targets by iden-
tifying the presented stimuli (Go trials) and inhibit their re-
sponses when infrequent auditory tones were presented simul-
taneously with stimuli (No-Go trials). Our primary outcome
measure during this task was the signal detection sensitivity
index (dp). The dp provides a measure of task performance
and was calculated using the formula for logistic distributions:
dp =In{[H(1-FA))/[(1-H)FA]}, where H refers to hit rates for
go trials and FA refers to false alarms on no-go trials.
Additionally, we examined RT _CV for go trials. Participants
completed this task during assessment sessions at T1 and T2.
Further details on this task can be found in the Supplemental
Materials.

Mind-Wandering Thought Probes Mind-wandering, a phe-
nomena closely tied to attentional dysregulation (Randall
et al. 2014; Smallwood and Schooler 2006) and antithetically
related to mindfulness (Epel et al. 2012), can be differentiated
into task-unrelated thoughts (TUT) and task-related interfer-
ence (TRI) McVay et al. 2013). In young adults, there is
evidence that mindfulness training reduces TUTs (Jha et al.
2015; Morrison et al. 2014; Mrazek et al. 2013), and that
reduced TUTs mediate the beneficial effects of mindfulness
on cognition (Mrazek et al. 2013), but the effects of mindful-
ness training on mind-wandering in older adults has yet to be
studied. To assess mind-wandering in the current study, self-
report probes were administered in a quasi-random fashion
during both computerized tasks. At various times while
performing the tasks, participants were unexpectedly asked
to categorize their thoughts as either (1) on-task, (2) evaluating
performance (task-related interference), or (3) off-task (task-
unrelated thought). Next, participants were asked to summa-
rize the content of their thought, describe how judgmental
their thought was on a 5-point Likert scale, and identify the
temporal orientation of their thought as past, present, or future.
For the current study, the variables of interest were the pro-
portion of task-related interference (TRI; category 2
responses/total responses) and the proportion of task-
unrelated thought (TUT; category 3 responses/total re-
sponses). Self-report mind-wandering probes have been
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validated as a measure of mind-wandering and have been used
previously during go/no-go tasks and continuous performance
tasks (McVay et al. 2013; Smallwood et al. 2008).

Mindful Attention Awareness Scale The Mindful Attention
Awareness Scale (MAAS) is a 15-item scale used to assess
trait mindfulness that has shown good internal consistency
and validity (Brown and Ryan 2003). The MAAS is a widely
used measure that has been implemented in older adult sam-
ples (Lenze et al. 2014). For each item, participants rate their
experience using a six-point Likert scale from 1 (Almost
Always) to 6 (Almost Never). Thus, higher scores on this
scale indicate greater levels of trait mindfulness. An example
item from this scale asserts: “I find myself doing things with-
out paying attention.” This scale was administered at T1 and
T2. Cronbach’s alpha was 0.78 at T1 and 0.85 at T2.

Homework Logs These logs provided a means of assessing
within- and between-group differences in time engaging in
intervention-related material outside of group meetings.
Participants were asked to report the day of the week, the type
of activity that the participant was engaging in, and the start
and end time for each activity. The variable of interest was the
total minutes of homework for each participant for the course
of the intervention.

Working Memory Index from the Wechsler Adult Intelligence
Scale The Working Memory Index (WMI) from Wechsler
Adult Intelligence Scale (WAIS-IV) (Wechsler 2008) assesses
the ability to memorize information, retain this information in
short-term memory, and perform some manipulation on this
information (Baddeley 2003; Baddeley and Hitch 1974).
Several previous studies have found that WM moderates the
cognitive benefits of different intervention approaches includ-
ing the teaching of cognitive learning strategies and physical
activity (Evers et al. 2011; Naumann et al. 2008). Although
the role of WM as a moderator of mindfulness’ effects on
attention has yet to be assessed, WM has been associated with
enhanced attentional control cross-sectionally (Kane et al.
2007; McVay and Kane 2009; Zavagnin et al. 2014) and base-
line WM predicted increased engagement in mindfulness
practice in one mindfulness training study (Jha et al. 2010).
Since the current study sample consisted of older adults, only
WMI subtests with age-appropriate norms were administered:
digit span and arithmetic. An overall age-normed standardized
score was derived from overall performance on the two sub-
tests administered at T1. WMI scores were examined as a
continuous variable to assess general moderation effects with-
out eliminating potentially meaningful WM variance.
However, for visualization purposes only, the standardized
Working Memory Index scores were divided into low-
average and high levels. We initially planned to divide the
standardized scores into low, average, and high levels.
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However, only four participants exhibited low T1 scores (< 1
SD below the mean). Thus, the standardized scores were in-
stead divided into two categories to indicate low-average and
high WM corresponding to scores 1 SD below the normative
mean (< 115; n=54) and scores 1 SD above the normative
mean (> 115; n=20) respectively. Although only T1 WMI
scores were incorporated in the present analyses, the WMI
was administered at both T1 and T2 and demonstrated good
test-retest reliability, » = .81, p <.001.

Additional Measures Additional questionnaire data pertaining
to state mindfulness, positive/negative affect, and expectancy
questions were collected. Descriptions of these measures and
relevant analyses can be found in the Supplemental Materials.

Data Analyses

Data Exclusion and Outlier Correction Analyses were per-
formed according to the intention-to-treat (ITT) principle such
that all participants randomized and with valid data at T1 were
included in analyses. Nine participants allocated to the MBAT
group and two allocated to the lifestyle education group did
not attend T2 assessment sessions. Additionally, computer-
ized task data for four participants were excluded from base-
line comparison analyses. Go/no-go task data for one partici-
pant in the MBAT group were excluded due to a no-go trial
accuracy score below chance. Also, CPT data for three partic-
ipants (MBAT n =2, lifestyle education n = 1) were excluded;
one participant did not complete the full CPT at T2, one par-
ticipant completed the CPT with their non-dominant hand at
T1, and another participant completed the CPT with their non-
dominant hand at T2. As these participants were randomized
and had valid initial assessment data, a multiple imputation
(MI) approach was used to estimate missing data and T1 and
T2 variables were checked for outliers pre-imputation.
Outliers were defined as scores greater than 2.5 SD from the
mean, which were replaced with values corresponding to 2.5
SD from the mean. Each variable was then checked for nor-
mality using the Shapiro-Wilk test of normality.

Imputation Procedures Multiple imputation procedures were
used to handle missing data, since these techniques tend to
produce unbiased estimates of effects and standard errors even
when missing data is not missing completely at random
(Dziura et al. 2013). Multiple imputation procedures were
performed in SAS version 9.4 using data augmentation as-
suming multivariate normality. Imputation was conducted
separately within the MBAT group and within the lifestyle
education group. A ridge prior with two degrees of freedom
was applied to stabilize the inference due to high correlations
between some T1 and T2 variables and a small sample size
relative to the number of variables included in the imputation
model. Markov chain Monte Carlo (MCMC) chains were then

checked for convergence using trace plots. Thirty imputed
datasets were generated. The number of datasets was deter-
mined based on the number of incomplete cases within the
MBAT group (30% of cases with missing values on at least
one variable included in the imputation model) (White et al.
2011). Results were combined across imputed datasets using
standard Rubin’s rules. The following variables were included
in the imputation model: age, sex, education, homework mi-
nutes, T1 and T2 WMI scores, T1 and T2 MAAS scores, all
T1 and T2 CPT variables (d-proactive, d-reactive, TRI, TUT,
and RT CV), and all T1 and T2 go/no-go variables (d;, TRI,
TUT, and go-trial RT_CV).

Statistical Tests We first conducted independent-samples tests
(chi-square tests for categorical data, Hotelling’s ¢ tests for
normally distributed data, and Mann-Whitney U tests for
non-normally distributed data) to determine if there were
any baseline differences between participants who completed
the intervention (completers) and participants who dropped
out (non-completers).

To assess changes in variables over time within each group,
paired-samples ¢ tests were conducted. Then, to assess differ-
ences in variables by intervention group over time, multiple
one-way analyses of covariance (ANCOVAs) were conducted
in which T1 scores were included as a covariate, T2 scores were
entered as the dependent variable, and group was entered as the
independent variable. To examine the potential moderating ef-
fects of WM, additional ANCOVAs were conducted with work-
ing memory index and group incorporated as independent vari-
ables, T1 scores for primary measures included as covariates, and
T2 scores for primary measures entered as dependent variables.
In all these analyses, WM was treated as a continuous variable,
with the index scores being broken down into low-average and
high working memory categories (as described above) for the
purpose of visually depicting the results in a figure.

To assess the impact of engagement with intervention ma-
terials on outcomes, an independent-samples test (Mann-
Whitney U) was conducted to examine between-group differ-
ences in homework minutes. Additionally, within-group bi-
variate correlations (Pearson correlations for normally distrib-
uted data and Spearman rank-order correlations for non-
normally distributed data) between homework minutes and
residualized gain score variables for mind-wandering, trait
mindfulness, and cognitive performance measures were con-
ducted. Residualized gain scores were calculated by
regressing the scores for measures at T2 on the scores for
measures at T1 and saving the standardized residuals from
these analyses for each participant. Since between-group dif-
ferences in homework minutes were found, follow-up
ANCOVAs were conducted with T1 scores for primary out-
comes and homework minutes as covariates, T2 scores for
primary outcomes as the dependent variable, and group as
the independent variable.
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Results
Baseline Characteristics

Descriptive statistics for demographic variables and scores on
computerized cognitive assessments at T1 are presented in
Table 1. Intervention groups did not differ on age, education,
sex, mind-wandering frequency, or attentional control at base-
line. Although the MBAT group had more non-completers
than the lifestyle education group (x.=3.74, p=.053), no
significant differences were observed at baseline between
completers and non-completers within either intervention
group (all p values > .05, see Table 2).

Training Effects

For a complete summary of the results of within-group and
between-group analyses of mind-wandering and performance
on cognitive measures, please refer to Table 3. Utilizing paired
¢ tests to assess within-group changes in mind-wandering and

performance during the continuous performance task, signifi-
cant within-group changes were noted in RT CV for both the
MBAT group (#19.4)=-2.43, p=.03, d=—0.41) and the
lifestyle education group (#26.6)=—2.31, p=.03, d=—
0.39). A series of ANCOVASs was then conducted to examine
intervention group effects on mind-wandering and cognitive
performance within the CPT, controlling for T1 differences.
There were no effects of group on TRI, TUT, RT_CV, reactive
control, or proactive control (all p values >.05).

Within the go/no-go task, paired ¢ tests revealed significant
within-group changes in dp (#(18.7)=2.60, p=.02, d=0.53)
and RT CV (#(18.3)=—3.92, p<.01, d=—-0.66) for the
MBAT group and significant changes in d; (#(31.4)=3.09,
p<.01,d=0.60) and RT _CV (#32.6)=—2.22, p=.03, d=
—0.31) for the lifestyle education group. A series of
ANCOVAs revealed no significant group effects on TRI or
dp. (all p values >.05). However, there was a marginally sig-
nificant effect of group on TUT (#51.8)=—1.98, p=.053,
d=-0.46) and a significant group effect on RT _CV
(1(41.0)=—2.22, p=.03, d=—0.45), suggesting that the

Table 1  Baseline characteristics of participants allocated to mindfulness-based attention training (MBAT) and lifestyle education
MBAT Lifestyle Education
(n=37) (n=37)
Characteristic Number (%) or M (SD) Number (%) or M (SD)
Demographics
Age 65.92 (3.85) 66.89 (4.09)
Education (Years) 16.85 (2.93) 16.16 (2.50)
% Female 59.46% 56.76%
MAAS 4.43 (.55) 4.47 (.63)
WMI 108.95 (14.58) 103.95 (10.80)
CPT
TRI 0.13 (.13)* 0.14 (.13)®
TUT 0.10 (.11)* 0.10 (.13)®
d-proactive 8.20 (3.16)* 7.82(2.95)°
d-reactive 8.25 (2.80)* 7.70 (2.85)°
RT CV 0.24 (.03)* 0.25 (.03)®
Go/No-Go Task
TRI 0.21 (.21)° 0.21 (.17)
TUT 0.13 (.14)° 0.13 (.15)
do 6.91 (2.46)° 6.54 (1.93)
RT CV 0.20 (.04)° 0.21 (.04)

MAAS mindful attention awareness scale, WMI working memory index, CPT continuous performance task, 7R/ task-related interference, 7UT task-
unrelated thought, RT CV reaction time coefficient of variation, d; signal detection sensitivity index

*n=35
®p=36
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Table2 Summary of baseline characteristics (means and standard deviations) and between-group comparisons of means for completers relative to non-
completers
MBAT Lifestyle Education
- Completer Noncompleter . Completer Noncompleter .
Characteristic (n=25) (n=12) Comparison (n=32) (n=>5) Comparison

Demographics

Age 66.52 (3.63) 64.67 (4.16) #(35)=1.39 67.03 (4.10) 66.00 (4.42) U=188.00

Education 17.28 (3.22) 15.96 (2.05) #(35)=1.30 16.44 (2.42) 14.40 (2.51) 1(35)=1.74

% Female 56.00 66.67 =038 53.13 80.00 ¥ =127
MAAS 4.36 (.50) 4.59 (.66) (35)=-1.18 4.47 (.64) 4.52 (.62) (35)=-0.17
WMI 108.44 (15.57) 110.00 (12.85) #(35)=-0.30 104.16 (11.27) 102.60 (7.89) #(35)=10.30
CPT

TRI 0.16 (.15)" 0.10 (.08) U=159.50 0.15 (.14)° 0.10 (.10) U=93.50

TUT 0.11 (11" 0.09 (.12) U=151.50 0.08 (.10)° 0.23 (.20) U=41.50

d-proactive 7.88 (3,22)“ 9.05 (3.01) U =108.50 7.44 (2.85)° 9.85 (3.00) t(34) =-1.74

d-reactive 8.48 (2.63)" 7.91 (3.24) #(33) =0.54 7.39 (2.75)° 9.17 (2.75) 1(34) = -1.31

RT CV 0.24 (.04)" 0.24 (.03) (33)=-0.19 0.25 (.03)° 0.25 (.03) (34)=-0.31
Go/No-Go Task

TRI 021 (21)° 0.24 (21) U=133.00 0.20 (.17) 0.27 (.18) U=59.00

TUT 0.14 (15) 0.09 (.09) U=163.00 0.12 (.14) 0.21 (.23) U=67.50

d, 6.80 (2.32) 7.18 2.80) U=134.50 6.53 (2.05) 6.63 (.93) U=63.50

RT CV 0.20 (.05)" 0.19 (.04) 1(34)=0.61 0.21 (.04) 0.20 (.05) U=179.00

For all analyses reported in the table above, p > .05

MBAT mindfulness-based attention training, MAAS mindful attention awareness scale, WMI working memory index, CPT continuous performance task,
TRI task-related interference, TUT task-unrelated thought, R7CV reaction time coefficient of variation, d; signal detection sensitivity index

n=23
bpn=24
‘n=31

MBAT group exhibited greater reductions in TUT and
RT CV than the lifestyle education group (see Fig. 2).

Paired ¢ tests revealed no significant changes in trait mind-
fulness within the MBAT group (#19.7)=—1.04,p=31,d=
—0.20) or the lifestyle education group (#31.2=1.47, p=.15,
d=0.15). An ANCOVA revealed no intervention effect on T2
trait mindfulness, controlling for T1 differences in trait mind-
fulness (#(38.1)=—1.66, p=.10, d=—0.36).

Homework Minutes

On average, those in the lifestyle education group engaged
in more minutes of homework than those in the MBAT
group (U=277, p<.01), possibly indicating a difference
in compliance rates or that homework in the lifestyle edu-
cation group may have required a greater time commitment
than initially expected. Additionally, the range of home-
work minutes was higher in the lifestyle education group
(median = 1026, range 0-3060) than in the MBAT group
(median =470, range: 0—1345).

Bivariate correlations between total homework mi-
nutes and residualized gain scores for task performance
variables were conducted within each group (see
Tables 4 and 5). Homework minutes were unrelated to
mind-wandering or cognitive performance in either task

in the MBAT group or in the lifestyle education group
(all p values >.05). Additionally, homework minutes
were not associated with residualized gain scores for trait
mindfulness (MBAT: r=—10.03, p =.89; lifestyle educa-
tion: r=—0.12, p=.55).

Training Effects Controlling for Homework Minutes

Since homework minutes differed between groups, two fur-
ther ANCOVAs were conducted to determine whether the
marginally significant intervention effects on go/no-go, TUT,
and RT_CV would remain with homework minutes included
as an additional covariate in the original ANCOVA models.
Results from these two ANCOVAs revealed that the initially
marginally significant group effects remained marginally sig-
nificant when controlling for group differences in homework
minutes, both for go/no-go TUT (#(53.4)=—-2.09,p=.04,d =
—0.55)and RT CV (#55.3)=—1.96, p=.055, d=—0.42).

Working Memory as a Moderator

To evaluate the extent to which intervention effects on cogni-
tive performance and mind-wandering were dependent upon
WM, additional ANCOVAs were conducted utilizing working
memory index (WMI) scores as a moderator variable.
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Table 3  Mean scores and standard errors on primary outcomes, and results of within-group and between-group analyses of change over time per ITT

protocol
MBAT Lifestyle Education
Ti;ne Ti;n ¢ Within-group Change Ti;ne Ti;l © Within-group Change Between-group Comparison
Task (é‘fi) (é‘é) ¢ df  p  d (é‘é) (s],lé) T4 p  d i p d
CPT
TRI (Oog (?613())6 432 232 20 -0.29 ((_’(‘)12‘)‘,, (.'0‘21),, .07 315 29 020  -046 429 65 -0.11
TUT ((_)(')12(; (0(% 10 14229 -020 ((_)(}12())b (.b?)b 022 287 83 <002 -078 341 44 -0.16
d-pro (8523()) (%93())3 086 258 40 022 (.75?3” (75'5;; 031 297 76 005 096 524 34 025
d-rea (?428; (?53‘)‘3 110 224 28 028 (_7479()),, (?5'91()),, 036 294 72 007 139 474 17 035
RT CV (%21‘)‘3 (0028 243 194 .03 -041 ((,)(')21?'7 &2& 231 266 03 -039  -063 419 53 -0.14
Go/No-Go
TRI ((_)(')23;1, &g,, 412 239 28 -020 ((')(‘)23; (0013§ 092 328 37 -020 011 536 91 -003
TUT (%15,7 &gfh 475 230 .09 033 ((,)6131 (0015 068 314 50 012 -198 518 .05 -0.46
d (.Gfl ;b (ﬁ;b 260 187 .02 053 (%52‘)“ (?472(;(, 309 314 <01 0.60 046 417 65 0.13
RT CV (%fg’,, &ﬁ; 392 183 <01 -0.66 (?(')21 ; (00113 222 326 03 031 222 410 .03 -045

All results are based on analyses utilizing 30 imputed datasets

MBAT mindfulness-based attention training, CPT continuous performance task, 7R/ task-related interference, TUT task-unrelated thought, d-pro d-
proactive, d-rea d-reactive, RT"_CV reaction time coefficient of variation, ¢, signal detection sensitivity index

*n=35
*n=36
‘n=37

Assessing WM as a continuous variable, a significant group x
WM interaction was found for d; on the go/no-go task

Fig. 2 Estimated marginal means
for a T2 task-unrelated thought,
controlling for T1 task-unrelated
thought and b T2 RT _CV,
controlling for T1 RT CV during
the go/no-go task. Error bars
represent standard error of the
mean. MBAT mindfulness-based
attention training; RT CV
reaction time coefficient of
variation
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Table4 Bivariate correlations between total homework minutes and residualized gain in go/no-go performance within those allocated to mindfulness-

based attention training (MBAT) and lifestyle education

Homework Minutes dr Gain RT _CV Gain TRI Gain TUT Gain
MBAT 0.09 0.15 0.19 -0.04
Lifestyle Education -0.26 -0.02 0.02 -0.12

For all analyses reported in the table above, p > .05
Results based on a multiple imputation analysis with 30 imputed datasets

improvement. For the purposes of visually depicting this mod-
eration effect, participants’ WMI scores were broken down
into two categories (low-average and high) based on where
they fell relative to the normative mean (see Fig. 3).

Discussion

This randomized controlled trial evaluated the impact of a
brief mindfulness-based training program, MBAT, on atten-
tional functioning in older adults. Attentional control was ex-
amined within the context of two sustained attention tasks,
with the go/no-go task offering a general measure of inhibito-
ry control and the CPT offering more nuanced measures of
proactive and reactive control. Our primary question was
whether a brief, 4-week mindfulness intervention would im-
prove performance and reduce mind-wandering rates on tasks
of attentional control when compared with a lifestyle educa-
tion active control group. We also examined changes in trait
mindfulness and whether WM moderated intervention effects.

Although two previous studies without an active control
comparison found that mindfulness training lead to improve-
ments in set-shifting in healthy older adults above age 65
(Moynihan et al. 2013) and in executive function and memory
in older adults above age 65 with clinically significant worry
and self-reported “memory and concentration” deficits (Lenze
et al. 2014), findings from the current study were less straight-
forward. Both the MBAT group and the lifestyle education
group exhibited improved performance on the CPT and go/
no-go, but these effects were not intervention-specific. Our

Table 5

findings better align with those observed in the two studies in
older adults that have examined the effects of mindfulness train-
ing in comparison to active control groups (Malinowski et al.
2017; Mallya and Fiocco 2015). In one study, Mallya and
Fiocco (2015) found that in a sample of healthy older adults
ages 60 and older, 8 weeks of MBSR produced no significant
changes in executive function or episodic memory relative to a
rest and relaxation active control group. In the other study, an 8-
week mindful breathing intervention yielded no significant im-
provements in executive function for a sample of older adults
(ages 55-75) relative to a brain training active control group,
despite some significant improvements in general attentional
processing (Malinowski et al. 2017). Given that Moynihan
et al. (2013) enrolled a significantly greater number of partici-
pants than the other studies, and Lenze et al. (2014) was the
only study conducted in a clinical population, variation in find-
ings might be attributable to differences in sample characteris-
tics. Additionally, since the only significant effects in older
adults so far were observed in studies failing to utilize an active
control group, it is plausible that those significant improve-
ments may be attributable to non-specific factors.

One unique feature of the current study was the implemen-
tation of a more condensed, 4-week training protocol rather
than the typical 8-week MBSR course. Previous evaluations
in young adults provided preliminary evidence for cognitive
change following condensed trainings even in comparison to
active control conditions. For example, one study found im-
proved reading comprehension and WM performance follow-
ing 2 weeks of focused attention mindfulness training com-
pared to an active nutrition education control (Mrazek et al.

Bivariate correlations between total homework minutes and residualized gain in continuous performance task (CPT) performance within those

allocated to mindfulness-based attention training (MBAT) and lifestyle education

Homework Minutes d-proactive Gain d-reactive Gain ~ RT CV Gain TRI Gain TUT Gain
MBAT 0.20 0.24 0.01 -0.07 0.12
Lifestyle Education 0.00 0.07 -0.24 -0.25 0.01

For all analyses reported in the table above, p > .05

Results based on a multiple imputation analysis with 30 imputed datasets
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Fig. 3 Estimated marginal means 12.00
for T2 go/no-go performance,
controlling for T1 go/no-go
performance. Error bars represent
standard error of the mean.
Participants have been
categorized according to their T1
performance on the Working
Memory Index from the Wechsler
Adult Intelligence Scale (WAIS-
IV). For visualization purposes
only, the standardized Working 4.00
Memory Index scores were

divided into low-average and high

levels according to their 2.00
proximity to the normative mean

score. WM working memory;

MBAT mindfulness-based 0.00
attention training; dy_ signal

detection sensitivity index

10.00
8.00

= 6.00

2013). Another study found improved signal detection follow-
ing 4 weeks of mindfulness training compared to a relaxation
active control group but did not find significant changes in
performance on digit symbol substitution or Stroop tasks
(Semple 2010). Interestingly, age was positively associated
with changes in discriminability, suggesting that mindfulness
training impacted cognition more for older participants, al-
though the maximum age in that study was limited to 56.
However, our evaluation of a 4-week mindfulness program
for adults above the age of 60 did not yield improvements in
attentional control beyond that seen in a lifestyle education
control condition. Thus, improved cognitive performance
within the MBAT group may have been attributable to non-
specific factors acting in both groups or due to practice effects.
Alternatively, it is also possible that the lifestyle education
intervention may have been more effective than initially
intended due to specific factors such as the stretching/toning
exercises that the participants were invited to engage in over
the course of 4 weeks. Future investigations will benefit from
comparisons against different types of active control groups in
addition to waitlist conditions. It is also important to note that
whereas a more condensed, 4-week intervention may have
been sufficient in younger adults, 4 weeks of mindfulness
training may not have provided sufficient amount of training
for older adults to demonstrate meaningful change. Given the
results of our exploratory analyses examining WM as a mod-
erator, it seems plausible that this may be particularly the case
for older adults with lower WM levels. Perhaps if given more
time, individuals with lower WM may begin to exhibit more
noticeable changes in attentional control, comparable to those
exhibited by individuals with higher WM in our analyses.
However, further replication of our WM moderation findings
and further comparisons of mindfulness interventions of vary-
ing doses (e.g., 4 weeks vs. 6 weeks vs. 8 weeks, etc.) in older
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adult populations relative to active and waitlist control groups
would be necessary to establish the validity of such claims.
Despite a lack of observed improvements in attentional
performance specific to MBAT, we found MBAT-specific re-
ductions in TUT and RT _CV, a behavioral indicator of atten-
tional lapses (Cheyne et al. 2009), within the go/no-go task,
but not the CPT, and no effects on TRI. These MBAT-specific
reductions remained marginally significant even when con-
trolling for homework minutes and expectancy bias. These
results suggest that MBAT may promote resilience to task-
unrelated distraction, but that this resilience may differ by
task. Several previous studies employing a paradigm similar
to the go/no-go—the Sustained Attention to Response Task
(SART)—found that young adults exhibited fewer attentional
lapses (Jha et al. 2015) and less self-reported mind-wandering
following mindfulness training compared to waitlist
(Morrison et al. 2014), nutrition education (Mrazek et al.
2013), and didactic active control groups (Jha et al. 2015).
Two of these studies also found greater reductions in SART
RT CV in mindfulness training groups relative to controls
(Jha et al. 2015; Morrison et al. 2014). Therefore, our results
are fairly consistent with this literature and expand these ef-
fects into a sample of older adults. However, our finding of
task-specific modulation of mind-wandering via mindfulness
training was unexpected and requires further replication be-
fore any definitive claims can be made about the effects of
mindfulness being domain-specific or dependent upon task
demands. Additionally, the specificity of mindfulness’ effects
on type of mind-wandering (reduced TUT but not TRI) was
also unexpected. It is possible that the ability to regulate task-
unrelated thoughts may be more directly impacted by mind-
fulness training, especially brief mindfulness training pro-
grams. Alternatively, these differential effects could have been
attributable to differences in ability to accurately report on
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TUT vs. TRI. However, the specificity of mindfulness’ effects
on TUT but not TRI will also need to be replicated prior to
drawing any definitive conclusions about the explanations for
these observed effects. Although one previous study provided
evidence for mind-wandering as a mediator of the effects of
mindfulness training on cognition (Mrazek et al. 2013), we
did not examine the mechanistic role of mind-wandering due
to null attentional improvements between groups.

In addition to not observing improvements in attentional
control, we did not find a significant improvement in trait
mindfulness within the MBAT group. Recent meta-analytic
evidence indicated that over half of mindfulness interventions
failed to find significant increases in self-reported mindful-
ness, raising serious questions about the validity of current
measures of mindfulness (Visted et al. 2015). In the present
study, our choice to use the MAAS to assess changes in trait
mindfulness could have played a role in our null findings. The
MAAS is a single-factor scale that indexes a unique type of
attention/awareness to the present moment (Brown and Ryan
2003). Although this present-centered attention and awareness
is an integral component of mindfulness, the MAAS is less
sensitive to other important facets of mindfulness, such as
non-reactivity to inner experience and non-judging of experi-
ence, which may have been impacted by the intervention
(Baer et al. 20006).

Since it is unlikely that mindfulness training’s effects are
ubiquitous, there is a need to identify moderators of treatment
effects in order to inform future selection of target groups.
Cognitive training studies, more broadly, have found moder-
ating effects of various neuropsychological, neurobiological,
and genetic factors in older adults (Rahe et al. 2015; Stine-
Morrow et al. 2014). In the current study, exploratory analyses
revealed that WM moderated the effects of mindfulness train-
ing on go/no-go performance, such that those with higher WM
exhibited better performance following MBAT than those
with lower WM. This could suggest that either MBAT is more
impactful for individuals with high WM or that those with
high WM are better able to glean benefits from training.
With the caveat that these results are replicated, this could
mean that mindfulness training, and especially brief mindful-
ness training programs, might be particularly beneficial as a
preventative training program for older adults. Such a notion
is consistent with previous findings that older adults with bet-
ter baseline cognitive functioning derive more benefit from
both cognitive training and environmental enrichment
(Stine-Morrow et al. 2014) and that working memory capacity
specifically predicts sustained attention performance (McVay
and Kane 2009; Zavagnin et al. 2014). However, given that
this was an exploratory analysis within a small, relatively
healthy sample of older adults, further replication of these
effects will be necessary to draw any firm conclusions about
the implications of these findings.

Despite the efforts to equate the intervention groups on
time spent with intervention material, we found that the life-
style education group spent more time on homework than the
MBAT group. However, evaluations of homework adherence
revealed that time spent on homework was not associated with
improvements in performance or mind-wandering in either
intervention group. This is inconsistent with previous work
demonstrating greater improvements on a CPT task for those
who engaged in more at-home mindfulness practice
(MacCoon et al. 2014). It is possible that these non-
significant homework minute associations were attributable
to a lack of power to detect effects for these exploratory anal-
yses. However, it is also important to note that we utilized self-
report measures of homework adherence, which may limit the
validity of these findings. In future studies, manipulating the
duration of mindfulness interventions, in addition to the use of
a larger sample, will be helpful in clarifying the dose-response
effect of engagement in mindfulness practices on cognitive
outcomes.

Limitations and Future Research

There are several notable limitations to the current study that
should be considered. One critical limitation is the significant-
ly higher rate of attrition in the MBAT group than the lifestyle
education group. To address this issue, we compared demo-
graphic and cognitive characteristics of completers and non-
completers in both groups. We found no significant differ-
ences, suggesting that attrition was not related to demographic
variables or cognitive limitations that might have influenced
participation in this effortful intervention. Additionally, as can
be seen in Fig. 1, three participants in the MBAT group and
one participant in the lifestyle education group withdrew after
the pre-intervention session. Six of the 10 cohorts for the study
were run during the winter months, which could have influ-
enced older adults’ decisions to travel to campus. Still, there
was differential attrition after the first training session: four
participants discontinued in the MBAT group as compared
to one participant in the lifestyle education group. Upon fol-
low-up, most of the participants who discontinued in the
MBAT group expressed a lack of interest in mindfulness med-
itation as an intervention for health improvements. Therefore,
although our recruitment strategies were designed to commu-
nicate a common introduction to the two interventions, it is
possible that advertising the study as a “Health and Lifestyle
Education Study” may have biased participants in favor of the
active control group and reduced motivation to participate
particularly for participants assigned to the MBAT group.
This is an important point to consider given that motivation
appears to play a critical role when working with older adults
(e.g., Lockenhoff and Cartensen 2007; Warner et al. 2014).
However, it is important to note that there were no significant
between-group differences in participants’ expectations of
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improved performance on the cognitive tasks or improved
responses on the questionnaires as a result of their assigned
intervention (see Supplemental materials). A second limita-
tion of this study was the lack of a waitlist control group,
which would have allowed us to determine the extent to which
performance improvements may have been due to mere prac-
tice effects rather than to either intervention. Third, even
though our sample size was based on an a priori power anal-
ysis, it is possible that our study was not powered sufficiently
to find effects on all of our primary outcome variables given
that there were several marginally significant effects that were
in the expected direction. Lastly, we employed stringent inclu-
sion criteria that resulted in a relatively young and physically
and cognitively healthy sample of older adults, potentially
limiting the degree of attainable improvement following train-
ing. Larger-scale randomized controlled trials would be ben-
eficial for replicating our findings and increasing generaliz-
ability by expanding cohort characteristics.

Despite these limitations, the results of our study help to
improve our understanding of the specific effects of mindful-
ness training on mind-wandering and attentional control in
older adults and potential moderators of these effects.
Contrary to the observation of improved cognitive function
in older adults following mindfulness training in two previous
studies in older adults without active control groups (Lenze
et al. 2014; Moynihan et al. 2013), we did not find enhance-
ments in attention that were specific to the MBAT group.
Although prior studies in young adults have observed signif-
icant cognitive improvements following similarly brief train-
ings (Mrazek et al. 2013; Semple 2010), it is possible that
4 weeks of training is not sufficient to produce similar effects
in our sample of older adults. This suggests that the duration
of training may be a particularly important factor to consider
in future studies implementing mindfulness interventions in
older adult populations. However, within the MBAT group,
training did result in reductions in mind-wandering in one of
the two attentional control tasks, offering some optimism for
the benefits of brief mindfulness training for attentional con-
trol in the elderly. Additionally, exploratory analyses identi-
fied WM as a possible moderator of the effects of this brief
mindfulness training program. Specifically, within cognitively
intact healthy older adults, mindfulness training yielded atten-
tional benefits primarily for those with higher baseline cogni-
tive capacity.
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