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Abstract To determine if mindfulness meditation (MM) in
older adults improves cognition and, secondarily, if MM im-
proves mental health and physiology, 134 at least mildly
stressed 50–85-year olds were randomized to a 6-week MM
intervention or a waitlist control. Outcome measures were
assessed at baseline and 2 months later at visit 2. The primary
outcome measure was an executive function/attentional mea-
sure (flanker task). Other outcome measures included addi-
tional cognitive assessments, salivary cortisol, respiratory rate,
heart rate variability, Positive and Negative Affect Schedule
(PANAS), Center for Epidemiologic Studies Depression
(CESD), Perceived Stress Scale (PSS), Neuroticism-
Extraversion-Openness (NEO) personality traits, and SF-36
health-related quality of life. One hundred twenty-eight par-
ticipants completed the study though visit 2 assessments.
There was no significant change in the primary or other cog-
nitive outcome measures. Even after statistical adjustment for
multiple outcomes, self-rated measures related to negative af-
fect and stress were all significantly improved in the MM
intervention compared to waitlist group (PANAS-negative,
CESD, PSS, and SF-36 health-related quality of life Vitality
and Mental Health Component). The SF-36 Mental Health

Component score improvedmore than the minimum clinically
important difference. There were also significant changes in
personality traits such as Neuroticism. Changes in positive
affect were not observed. There were no group differences in
salivary cortisol or heart rate variability. These moderate-sized
improvements in self-rated measures were not paralleled by
improvements in cognitive function or physiological mea-
sures. Potential explanations for this discrepancy in stress-
related outcomes are discussed to help improve future studies.
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Introduction

Currently, age-related cognitive decline stands as a major pub-
lic health issue, with high societal costs and few preventative
options. For example, within the USA, the prevalence of de-
mentia is about 14% among persons over age 71 years old
(Plassman et al. 2007) with a resultant high cost of $200 bil-
lion (Hurd et al. 2013). Cognitive impairment without demen-
tia in those over 71 is even more prevalent, affecting about
22% of the population (Plassman et al. 2008). Despite the
personal and societal costs and known modifiable risk factors
such as hypertension and non-modifiable risk factors such as
APOE genotype, there are very limited evidence-based rec-
ommendations for prevention of age-related cognitive decline
(Daviglus et al. 2010; Institute of Medicine (U.S.) Committee
on the Public Health Dimensions of Cognitive Aging et al.
2015). Mildly improving cognition and delaying the onset of
dementia by even 6 months with a widely available behavioral
intervention would decrease the number of dementia cases by
over 100,000 over 10 years (Brookmeyer et al. 1998).
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Psychological stress is one important factor in the general
population, and specifically with older adults that can be ad-
dressed by behavioral interventions. Psychological stress is very
common and contributes to many physical and mental health
problems. About 25% of surveyed American adults reported
high stress, and 50% reported a major stressful event over the
past year (NPR, Foundation & Health 2014). Chronic psycho-
logical stress has multiple effects on physiological systems
(McEwen 1998; Oken et al. 2015) and contributes to a broad
range of diseases. Importantly, chronic psychological stress and
excessive reactivity to stressors contributes to age-related cogni-
tive decline, hippocampal injury, and neurodegenerative dis-
eases, either directly or through stress mediators (Esch et al.
2002; Lupien et al. 1999; McEwen 1998; Oken et al. 2011;
Stawski et al. 2006). Neuroticism, which is elevated stress reac-
tivity associated with negative emotions, has genetic, neurobio-
logical, and environmental contributions (Barlow et al. 2014;
Caspi et al. 2010;Oken et al. 2011). High neuroticism contributes
to many health disorders (Lahey 2009) and is linked to increased
age-related cognitive change and Alzheimer’s disease in longitu-
dinal studies (although the neuropathology of this cognitive
change is not related to amyloid deposition) (Wilson et al.
2003, 2007). Proneness to distress elicits deficits that are not
specific but include frontal/executive function and perceptual
speed (Wilson et al. 2007), similar to cognitive changes associ-
ated with affective disorders such as PTSD and depression
(Davidson and McEwen 2012; DeRubeis et al. 2008).
Additionally, depression may double the risk of later develop-
ment ofAlzheimer’s disease (Ownby et al. 2006). Thus, reducing
psychological distress or stress reactivity and their negative ef-
fects on cognition may be a modifiable risk factor with a poten-
tially large impact on population health (Kremen et al. 2012).

Mindfulness meditation (MM) is a psychological interven-
tion that reduces stress and stress reactivity in people with
PTSD, depression, pain, and stress (Chiesa and Serretti
2010; Grossman et al. 2004; Kabat-Zinn 1982). The evidence
for efficacy has not been definitive across the board, due in
part to a lack of objective markers of improvement (Abbott
et al. 2014; Goyal et al. 2014b; Ospina et al. 2007). However,
there is moderate evidence for the self-reported reduction of
anxiety, depression, and pain symptoms (Abbott et al. 2014;
Goyal et al. 2014b; Khoury et al. 2013).

Meditation may produce cognitive benefits through two
mechanisms: improving cognition by decreasing levels of
stress or stress reactivity and/or improving attention training.
There have been some studies evaluating the effect of MM on
cognitive function in adults across the age range but the evi-
dence from a systematic review is not strong because of many
methodological limitations (Chiesa et al. 2011). Among older
adults, MM has had an even more limited evaluation to im-
prove cognitive function and reduce stress and stress reactiv-
ity. A systematic review on meditation effects on age-related
cognitive decline found only six randomized controlled

studies with variable methods, most with small sample sizes
and high risk of bias (Gard et al. 2014; Moynihan et al. 2013).
There was some preliminary evidence of a meditation effect
on cognitive function but nothing conclusive.

The primary goal of this randomized controlled trial (RCT)
in stressed older adults was to determine if there were any
beneficial cognitive effects of MM training. The secondary
goals were to determine if there were beneficial effects of
MM on self-rated mental health and on physiological mea-
sures related to stress.

Method

Participants

Participants consisted of generally healthy adults 50–85 years
of age who reported at least mild levels of stress as evidenced
by a Perceived Stress Scale (Cohen et al. 1983) score greater
≥9 (Table 1). Participants with potential cognitive deficits
were excluded to ensure all participants could fully engage
in the standardized MM training and complete all assess-
ments, including home adherence monitoring. The upper age
cutoff helped to limit instances of multiple brain pathologies
contributing to age-related cognitive alterations (White et al.
2005). Participants were recruited from the Portland, Oregon
metropolitan area from June 2011 to January 2015 from paper
and/or digital postings at Oregon Health & Sciences
University (OHSU), Craigslist, neighborhood centers, public
libraries, and local newspapers and newsletters.

Following inquiries, participants were informed about the
study and eligibility criteria. If interested, they underwent a
30-min telephone eligibility screening using an OHSU
Institutional Review Board (IRB)-approved Waiver of
Authorization. The full study was approved by the IRB, and
initial plan details were registered with ClinicalTrials.gov
(NCT01386060) in expectation of specific grant funding that
was never obtained. Participants provided informed consent
during visit 1. Exclusion criteria included significant untreated
psychiatric disorders requiring medical care and underlying
illnesses that might limit the benefit of the intervention, con-
found outcomes, or increase the likelihood of dropout
(Table 1).

Procedure

Randomization and Follow-Up Following visit 1, partici-
pants were randomized to a 6-week one-on-oneMM interven-
tion or a waitlist control. All randomizations were performed
by non-blinded research personnel using a computerized co-
variate adaptive randomization procedure (Pocock and Simon
1975) aimed at balancing active and waitlist groups on age,
gender, and baseline Perceived Stress Scale scores using a pre-
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determined projected median split for the continuous mea-
sures. The research assistant who led the MM training ses-
sions performed the randomization, and the research assistants
who conducted data-collection visits remained blinded. There
were three assessment visits that were approximately 3 h long
and 2months apart. Participants in theMMgroup received the
intervention between visits 1 and 2 but received no interven-
tion between visit 2 and visit 3. In contrast, participants in the
waitlist group received no intervention between visits 1 and 2,
but received the 6-week one-on-one intervention between
visits 2 and 3. This primary outcome paper analyzes only
the visit 1 and visit 2 data. The outcome measures included
the following: (1) cognitive measures; (2) self-rated measures
of stress and affect; and (3) physiological measures of stress
including salivary cortisol, blood pressure, respiration rate,
heart rate, and heart rate variability (HRV).

Mindfulness Meditation The MM in this RCT is a standard-
ized and structured one-on-one program that has been fully
described (Wahbeh et al. 2014a). It is based on Mindfulness-
Based Cognitive Therapy (MBCT) (Segal et al. 2002) and
Mindfulness-Based Stress Reduction (MBSR) (Kabat-Zinn
et al. 1992). The one-on-one intervention was chosen for sev-
eral reasons, including ease of scheduling, ease of re-
scheduling any missed appointments, and at least some par-
ticipant preference compared to a group setting (Wahbeh et al.
2014b). Participants attended 60–90 min training sessions
once a week for 6 weeks along with recommended daily home
practice. The six MM trainings all followed a similar format,
although the length of the sessions varied to some degree by
weekly syllabus length and by participant characteristics.
Most sessions began with a 30-min guidedmeditation, follow-
ed by discussion about the participant’s meditation experi-
ence, presentation of new materials, and discussion of home
practice. Formal meditation instruction included a 30-min

Body Scan, 30-min Sitting Meditation, 30-min Sitting with
Difficulty Meditation, and 4-min Breathing Space. The re-
search assistant leading the MM intervention was educated
in Buddhist meditation with previous experience teaching sec-
ular one-on-one MM to adults in RCTs. Participants were
instructed to use the home practice audio recordings to prac-
tice at home 30–45 min a day as a goal but to practice at least
some amount every day.

Waitlist Participants randomized to the waitlist arm between
visit 1 and visit 2 received the MM intervention after the
waitlist period (i.e., between visit 2 and visit 3). This was done
in part to facilitate recruitment and decrease disappointment
following randomization.

Adherence and RetentionAttendance at the weekly in-person
sessions was tracked. Adherence to the MM home practice for
the MM intervention was assessed by iMINDr, a software ap-
plication on a study iPod Touch (Apple, Inc.) lent to the partic-
ipants for the duration of the study (Wahbeh et al. 2011) that
tracked the guidedmeditationminutes played for home practice.

Measures

The outcomes were obtained at visits 1, 2, and 3. The primary
focus of the studywas cognitive improvement. In addition to the
cognitive outcome measures, there were other outcome mea-
sures related to mental health or stress-related physiology that
might relate to or even mediate any cognitive improvements.

Cognitive Assessments

Cognitive assessments were based on prior studies of cogni-
tive changes from meditation interventions (Chiesa et al.
2011; Oken et al. 2010) and focused on attentionally

Table 1 Inclusion and exclusion
criteria Inclusion

criteria
• Age 50–85 years old;

• Perceived Stress Scale (PSS) (Cohen et al. 1983) score ≥9;
• Agree to follow the study protocol including randomization

Exclusion
criteria

• Cognitive impairment (significant participant complaints) or a score of less <30 on the
Modified Telephone Interview for Cognitive Status (TICS-m) (Knopman et al. 2010);

• Significant self-reported medical disease (e.g., insulin-dependent diabetes, active cancer, or
alcoholism);

• Based on interview, untreated depression (also with Geriatric Depression Scale greater than
5), generalized anxiety disorder or post-traumatic stress disorder;

• Take medications known to affect cognition or impact physiologic measures (e.g., steroids or
regular narcotic analgesics); stable doses of centrally acting drugs with less impact were
acceptable; enrolled participants were encouraged not to change their drug use during the
study period and to inform the investigator if any change was made

• Cannot hear or see study materials or not fluent in English;

• Prior experience with meditation classes or other mind-body classes within the last
24 months or more than 5 min daily practice in the last 30 days
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demanding frontal/executive function tasks but also included
assessments of episodic memory and reaction time. The cog-
nitive outcome measures included the following: the Stroop
Color and Word Test (Golden 2002); a flanker attention test
where participants decide whether a central arrow surrounded
by flanker arrows is pointing left or right; the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD)wordlist
(episodic verbal memory test) (Morris et al. 1989); letter and
category verbal fluency from the multiple form version of the
Controlled Oral Word Associates test (Benton and Hamsher
1989); WAIS Letter–Number Sequence that is a measure of
working memory that entails sorting strings of verbally present-
ed letters and digits into alphabetic/numerical order (Wechsler
2008); and simple and choice reaction time (Oken et al. 2008).
To respond on the flanker task, participants tap on the left or
right side of a touch-screen on a hand-held device. The test has
30 congruent (flankers in same direction) and 30 incongruent
(flankers in opposite direction) trials and lasts 2.5 min.

Self-Rated Measures

Participants were assessed with measures that might be affect-
ed by the MM intervention or mediate the MM intervention
effect on the objective measures. Forms were sent to partici-
pants prior to the in-lab assessment visits and were filled out at
home, taking less than 1 h to complete.

Stress Perceived Stress Scale (Cohen et al. 1983).

Personality While neuroticism has been considered a stable
trait, changes in neuroticism are a possible outcome from
meditation studies (Jacobs et al. 2011). Neuroticism was
assessed with the 60-item NEO-FFI (Costa and McCrae
2010) that evaluated other personality traits as well.

Affect Positive and negative affect schedule (PANAS)
(Watson et al. 1988) and the Center for Epidemiologic
Studies Depression Scale (CESD) (Radloff 1977).

Fatigue and quality of life The SF-36 health-related quality
of life was administered to obtain the following: (1) the four-
question Vitality subscale (Ware 1993) and (2) the Physical
and Mental Health Component summary scores (Ware 2000).

Self-efficacy The General Perceived Self-Efficacy (GPSE)
Scale (Schwarzer and Jerusalem 1995) was included because
sense of control has been improved by meditation (Astin
1997; Oken et al. 2010).

Mindfulness Two factors highlighted in the Five Factor
Mindfulness Questionnaire (Baer et al. 2006) were used:
the Mindful Attention Awareness Scale (Brown and Ryan
2003) and the mindful non-judging subscale of the

Kentucky Inventory of Mindfulness Skills (Baer et al.
2004). These factors capture the primary goals of MM
training—attention to the current moment and decreased
reactivity to emotional stimuli. The full length of the
assessment battery was felt to be too burdensome, so the
Five Factor Questionnaire was not administered in its
entirety.

Sleep The Pittsburgh Sleep Quality Index (PSQI) (Buysse
et al. 1989) was administered because mind-body therapies
improve sleep function (Neuendorf et al. 2015a, b) and may
mediate stress effects on cognition (Oken et al. 2011).

Expectancy and credibility The Expectancy/Credibility
(Devilly and Borkovec 2000; Oken et al. 2008) and Teacher
Credibility (Cherkin et al. 1991; Devilly and Borkovec 2000)
questionnaires were administered to determine if expectancy
is associated with any improvements observed from the MM
intervention.

Physiological Assessments

Physiological assessments were performed after partici-
pants had been seated for 30 min and included the follow-
ing: (1) systolic and diastolic blood pressure (average of
two obtained in succession using an automatic digital in-
flation cuff); (2) respiration rate using light elastic piezo-
electric strap around chest near the diaphragm (Ambu-
Sleepmate, Maryland) recorded in three consecutive 5-
min blocks when participant was passively listening to
emotionally neutral auditory recordings; and (3) electrocar-
diogram (ECG) for heart rate and conventional heart rate
variability (HRV) frequency analysis measures (Task Force
of the European Society of Cardiology 1996; Thayer et al.
1996). Respiration rate was calculated in BrainVision.
Analyzer (Brain Products, Germany). Breaths were labeled
semi-automatically using a voltage trigger to label peak
values. ECG was amplified using BioSemi amplifiers
(BioSemi, Amsterdam), and ECG was processed using
Kubios and BrainVision software. HRV measures from a
5-min recording were low frequency (LF, 0.04–0.15 Hz) to
high frequency (HF, 0.15–0.40 Hz) ratio and standard de-
viation of the RR interval (Mukherjee et al. 2011). We also
measured resting heart rate since heart rate was reported to
be more sensitive to mild mental stress than the typical
HRV frequency analysis measures (Mukherjee et al.
2011). Saliva for cortisol was collected at home and ana-
lyzed as previously done (Oken et al. 2011; Wahbeh and
Oken 2013) with saliva samples obtained on 2 days at three
time points: immediately upon awakening, 30 min later,
and before bedtime. If participants followed directions
and collected all samples, data was averaged across the
2 days. If for any reason a sample was missing, just a single
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day’s data were included in the analysis rather than the
average, knowing the single day measure might produce
significantly worse reliability (Kraemer et al. 2006). Thus,
the cortisol outcome data for each visit consisted of a sin-
gle salivary cortisol measure at three time points.

Data Analyses

All data analyses were done in Stata/IC 14 (StataCorp, College
Station TX). Data were first inspected to ensure there were no
outliers and extreme outliers (more than 4 standard deviations)
were deleted. Data were assessed for normality using Shapiro-
Wilk test. Data transformations were used in the event of non-
normality (e.g., square root or Box-Cox). Fisher’s exact test was
used to compare the rate of study completion.

The primary analysis for visit 2 was analysis of covariance
of outcome data by intervention group using the visit 1 data as
covariate. Given their relationship with cognition, age and
years of education were entered as covariates for cognitive
outcomemeasures and were kept in the model if their p values
were less than 0.10. One goal of this study was to evaluate the
MM effect sizes on all the outcome measures and these are
reported as partial eta squared. For multiple comparisons, the
type I rate was controlled by using the false discovery rate
(FDR) (Benjamini and Hochberg 1995) with an overall FDR
rate of 0.05. Both the unadjusted p values and FDR corrected
p values using R program p.adjust are provided in the out-
comes table but p values mentioned in the results and discus-
sion text are all corrected values. Pairwise Pearson’s correla-
tion coefficients and unadjusted p values were calculated to
better understand the relationships of the many self-rated
measures.

The objective measure of mindfulness meditation home
practice time was obtained from those who were randomized
to receive the MM training immediately after visit 1. The
association between meditation home practice time and out-
comes was assessed using a linear regression model with the
dependent variable being the visit 2 − visit 1 difference. In this
analysis, only outcomes that were significantly affected by
MM in the above ANCOVAwere evaluated.

As described, salivary cortisol was assessed at three time
points following visit 1 and visit 2. While multilevel mixed
model analysis of cortisol data has been done previously
(Hruschka et al. 2005; Segerstrom et al. 2014), we chose a
simple ANCOVA analysis since there were only three data
points. Outcomes were cortisol awakening response (CAR),
the transient increase in cortisol for about 30 min after awak-
ening, and the difference between the awakening cortisol mi-
nus the bedtime cortisol (slope). For the slope calculation, the
30 min after awakening cortisol collection for the CAR was
dropped as has been previously suggested (Hruschka et al.
2005; Kraemer et al. 2006).

Results

Following telephone screenings, 134 participants came to visit
1 and were randomized to receive the MM beginning shortly
after visit 1 (n = 66) or to a waitlist control (n = 68) (Fig. 1).
The participant demographics (Table 2) were mostly women
as is common for mind-body studies and primarily Caucasian
non-Hispanic, with under-represented minority percentages
comparable to the demographics of the Portland metropolitan
area for this age range. Participants were also highly educated.
Only one participant was over the age of 75 years old. The two

Fig. 1 Flowchart of participants screened, enrolled, and completing the
study (CONSORT figure)

Table 2 Participant demographics by group

Variable Meditation Waitlist

Number randomized (number female) 66 (51) 68 (56)

Age (mean ± std dev) 60.2 ± 7.4 59.4 ± 6.3

Years of education (mean ± std dev) 17.0 ± 2.5 16.4 ± 2.8

Under-represented groups (number)

Hispanic 3 1

African American 1 1

Asian 2 4

Perceived Stress Scale at visit 1 (mean ± std dev) 19.0 ± 6.1 18.5 ± 6.1

Return at visit 2 (number) 60 68
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groups were comparable in age, gender, years of education,
and baseline PSS between the two groups. There were 60
participants returning to visit 2 in the MM group compared
to all 68 participants in the waitlist group (p = 0.013).

The dropout rate by visit 2 was only 9% in the MM group
and 0% in the waitlist group (4.5% total out of all 134). The
dropout rate was higher in the MM than waitlist group (Fisher’s
exact test, p = 0.013). The six dropouts had characteristics
roughly comparable to the completers (age = 58.2 years, 4wom-
en, education 14.5 years, and PSS 22.2). Participants who
completed the MM intervention listened to the guided medita-
tions an average of 30.3 ± 11.8 min/day (range 10.7–71.2).

There were no significant intervention effects on the flanker
attention task or the rest of the cognitive outcomes, including
working memory (Letter Number Sequencing), Stroop test, ver-
bal fluency (letter or category), delayed verbal memory, simple
reaction time, or choice reaction time (Table 3). The outcomes
related to negative affect and stress were almost all highly signif-
icantly improved from the MM intervention after adjusting for
multiple comparisons (Table 3). This includes CESD, PANAS-
negative (trait), and PSSwith small to moderate effect sizes (e.g.,
partial eta squared for CESD was 0.11). Although the PANAS-
positive did not significantly increase from MM training, the
PANAS-negative was significantly decreased by MM. Some
personality traits measured by the NEO-FFI were significantly
affected by the intervention. Neuroticismwas the a priori person-
ality trait affected (p = 0.001), but Agreeableness (p = 0.003) and
Conscientiousness (p = 0.002) also changed significantly. There
was no significant change in Extraversion or Openness.
Subjective sleep quality (PSQI) was not significantly improved.

The SF-36 Vitality subscale demonstrated significant im-
provement (p = 0.008). The calculated Mental Health
Component (MHC) also demonstrated significant improve-
ment (p < 0.001), but the Physical Health Component (PHC)
did not. Self-efficacy (GPSE) also improvedwith the interven-
tion. Of note, the two mindfulness measures were not signif-
icantly improved. While there was no treatment effect on the
mindfulness measures, there was a significant relationship be-
tween changes in the mindfulness measures and the mental
health measures. For example, when entering the mindfulness
change scores into the ANCOVA for Neuroticism, both the
change in the KIMS-Non-judgmental and the MAAS signifi-
cantly entered into the model (KIMS, p = 0.0001 and MAAS,
p = 0.01). There was no such relationship with the mindful-
ness change scores and the cognitive measures. Thus, even
though there was not a clear treatment effect on the mindful-
ness measures, improvements in mental health correlated to
improvements in mindfulness independent of group assign-
ment. There was no such relationship between mindfulness
changes and cognitive measures.

Of note, the pairwise correlations between all the self-rated
measures were very high for most of the self-rated measures
that were affected by the intervention (data not shown). This

suggests there is some common underlying factor(s) being
assessed by these measures.

Additionally, there were no significant intervention effects
on salivary cortisol (awakening response or diurnal morning-
bedtime difference), heart rate, or heart rate variability. There
was, however, a significant decrease in respiration rate in the
MM compared to waitlist group after 10 min of sitting and
passively listening to an audio recording.

Participants in the MM intervention attended all one-on-
one training sessions (these often required re-scheduling)
and as already mentioned practiced at home an average of
30.3 ± 11.8 min per day. Using linear regression in the 60
participants who finished MM training before visit 2, there
was no significant relationship between minutes practiced
and effects on outcome measures.

Discussion

This randomized controlled trial of 6-weekMM training com-
pared to waitlist control of one hundred thirty-four 50–85 year
olds was executed adequately, maintained blinding of the as-
sessors, and had a dropout rate of only 4% through visit 2. The
six dropouts were all in the MM group, which may be related
to the fact that those in the waitlist group were not burdened
by coming to the lab on a weekly basis.

Demonstrating cognitive change from theMM intervention
was the main goal of the study. There were no changes in the
primary or secondary cognitive outcome measures. In con-
trast, there were significant improvements in most of the stan-
dardized, self-rated measures related to negative mood and
stress. The finding that a meditation intervention produced
benefits in psychological measures but not in cognitive or
physiological measures is consistent with some meta-
analyses of meditation interventions (Abbott et al. 2014;
Goyal et al. 2014a) and another recent study (Wahbeh et al.
2016). However, this trend in the literature contrasts with
many individual MM intervention studies that demonstrate
some effect on cognition or physiology with intervention
lengths both longer and shorter than 6 weeks (Chiesa et al.
2011; Jha et al. 2007, 2010; Kaul et al. 2010; Moore et al.
2012; Semple 2010; Tang et al. 2007; Zeidan et al. 2010). Of
note, adults with any significant cognitive deficits at screening
were excluded from the study, so participants may have had
less possibility of any improvement.

A systematic review of cognitive changes from meditation
studies of all ages had limited conclusions because of quality
of studies (Chiesa et al. 2011). Another systematic review of
meditation focused on age-related cognitive decline and was
composed of six RCTs (Gard et al. 2014). The authors also
drew limited conclusions regarding the beneficial effect of any
meditation type on cognitive function in part related to the
studies mostly being small and having high risk of bias,.
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There is a known relationship between cognition and
chronic stress, especially with aging (Lupien et al. 2009;
Stawski et al. 2006); thus, we must question why no cognitive
changes accompanied the improved self-rated mental health
and stress. One possible explanation could be that participants

were performing at or near their maximal cognitive abilities at
baseline. The likelihood of this is increased since participants
did not have pathological depression, PTSD, or anxiety disor-
ders, which all tend to produce impairments in cognition. It
may also be the case that the selected cognitive measures were

Table 3 Outcome measures by group

MM Waitlist Group effect

Outcome measures Visit 1
Mean (SD)

Visit 2
Mean (SD)

Visit 1
Mean (SD)

Visit 2
Mean (SD)

Unadj p FDR p Partial eta
squared

Adjusted
mean differ.

Self-rated
NEO-N 24.8 (7.2) 20.7 (7.7) 24.4 (9.3) 23.6 (9.7) 0.0001 0.001** 0.12 3.3
PSS 18.7 (5.9) 15.2 (5.7) 18.5 (6.1) 18.5 (7.2) 0.0001 0.001** 0.11 3.5
CESDa 17.6 (8.5) 12.4 (7.6) 19.4 (10.5) 18.5 (10.9) 0.0002 0.002** 0.11 4.9
NEO-Aa 33.9 (4.9) 36.1 (5.1) 33.5 (6.3) 33.6 (6.2) 0.0006 0.003** 0.09 −2.2
NEO-C 28.6 (7.5) 31.0 (6.3) 31.1 (7.1) 30.7 (7.3) 0.0003 0.002** 0.10 −2.3
NEO-E 24.5 (4.5) 25.3 (4.3) 25.3 (6.4) 24.8 (6.7) 0.03 0.09 0.04 −1.3
NEO-O 27.4 (5.5) 28.0 (5.3) 26.6 (5.8) 26.5 (5.1) 0.10 0.18 0.02 −0.9
PANAS-nega 21.7(6.4) 17.9 (5.5) 21.9 (7.5) 20.8 (7.7) 0.001 0.005** 0.08 2.7
PANAS-posa 32.1 (6.3) 33.1 (6.0) 32.7 (7.1) 32.1 (6.0) 0.07 0.14 0.03 −1.4
GPSEa 29.6 (3.5) 30.3 (3.7) 30.1 (4.2) 29.2 (4.0) 0.003 0.009* 0.07 −1.5
Sf-36 fatiguea 39.8 (19.7) 51.3 (21.7) 46.5 (19.4) 48.2 (20.3) 0.002 0.008* 0.08 8.3
SF-36 PCSa 50.4 (6.5) 49.1 (6.8) 50.2 (6.7) 50.6 (7.2) 0.07 0.14 0.03 1.6
SF-36 MCSa 37.9 (9.6) 44.3 (9.8) 40.0 (10.6) 40.3 (11.5) 0.00003 0.001** 0.13 −5.7
PSQI 8.5 (3.3) 6.9 (3.0) 8.4 (3.2) 7.6 (3.0) 0.08 0.16 0.02 0.8
MAASa 51.8 (10.2) 57.6 (10.1) 51.5 (12.1) 54.8 (11.2) 0.05 0.14 0.03 −2.6
KIMS-NJa 30.1 (6.5) 32.9 (6.0) 29.5 (7.0) 30.5 (7.9) 0.06 0.14 0.03 −2.0

Cognitive
Letter number sequencinga 10.9 (2.3) 11.5 (2.7) 11.3 (2.7) 11.6 (2.7) 0.61 0.69 0.00 −0.2
Letter fluencya 48.0 (14.3) 46.9 (13.4) 47.0 (14.2) 49.5 (14.2) 0.13 0.23 0.03 3.2
Category fluency 21.4 (5.9) 16.5 (4.7) 21.4 (5.6) 17.0 (4.1) 0.88 0.94 0.00 0.6
Stroop CW conditiona 44.3 (8.4) 46.4 (7.6) 47.1 (9.3) 49.1 (7.5) 0.37 0.48 0.01 1.1
Stroop CW interference 49.0 (8.3) 48.8 (7.0) 46.6 (9.8) 49.5 (6.8) 0.38 0.48 0.01 1.3
Word list-delayed 6.8 (2.0) 7.5 (1.8) 6.8 (2.0) 7.3 (1.9) 0.40 0.49 0.01 −0.2
Choice RT (ms)a 470 (67) 462 (70) 463 (70) 465 (59) 0.21 0.33 0.01 7.3
Simple RT (ms)a 270 (46) 267 (43) 272 (43) 279 (40) 0.07 0.14 0.03 10.0
Flanker RT incongruent (ms) 753 (107) 703 (119) 792 (165) 726 (148) 0.37 0.4 0.01 −3.6

Physiological
Respiration rate

1st 5 min
14.3 (2.9) 13.5 (3.0) 14.1 (2.9) 14.2 (2.7) 0.10 0.18 0.03 0.7

Respiration rate
2nd 5 min

14.6 (2.9) 13.7 (3.1) 14.2 (2.8) 14.5 (2.6) 0.05 0.09 0.04 0.9

Respiration rate
3rd 5 min

14.8 (2.8) 13.9 (3.3) 13.9 (2.9) 14.8 (2.8) 0.005 0.01* 0.09 1.5

CARa 0.17 (0.21) 0.13 (0.20) 0.05 (0.46) 0.12 (0.24) 0.98 0.99 0.00 −.01
Cortisol slopea −0.18 (0.27) −0.23 (0.14) −0.26 (0.20) −0.18 (0.83) 0.07 0.14 0.03 0.1
Systolic bp 133 (20) 128 (20) 130 (19) 128 (16) 0.33 0.44 0.01 1.5
Diastolic bp 81 (13) 80 (11) 80 (12) 80 (10) 0.33 0.44 0.01 0.5
Heart rate 70 (12) 69 (12) 68 (10) 68 (10) 0.73 0.80 0.00 0.4
HRV SDRR (ms) 42 (21) 46 (19) 41 (24) 46 (20) 0.99 0.99 0.00 0.0
HRV LF/HF ratioa 1.9 (1.5) 3.2 (3.1) 2.5 (2.1) 3.0 (1.9) 0.29 0.43 0.01 −0.5

Untransformed mean (standard deviation) of outcomes at the two visits by group. For ANCOVA group effect, there are unadjusted (unadj.) p values,
FDR adjusted p values across all outcomes, partial eta squared effect size, and adjusted mean difference at visit 2 (waitlist−MM). The number of
participants for most analyses is 128. For FDR p values, *p < 0.05 and **p< 0.005

MM mindfulness meditation intervention group, Unadj unadjusted, FDR false discovery rate, NEO Neuroticism-Extraversion-Openness Personality
Inventory,-N Neuroticism, -A Agreeableness, C Conscientiousness, -E Extraversion, -O Openness, PSS Perceived Stress Scale, CESD Center for
Epidemiologic Studies Depression Scale, PANAS Positive and Negative Affect Schedule, -neg Negative Affect, -pos Positive Affect, GPSE General
Perceived Self-Efficacy, SF-36 Short Form 36-item health-related quality of life, PCS Physical Component Summary Score,MCS Mental Component
Summary Score, PSQI Pittsburgh Sleep Quality Inventory, MAAS Mindful Attention Awareness Scale, KIMS-NJ Kentucky Inventory of Mindfulness
Skills—Non-Judgmental Factor, CW Color Word, ms milliseconds, RT reaction time, min minutes, CAR Cortisol Awakening Response, bp blood
pressure, HRV heart rate variability, SDRR Standard deviation of inter-beat interval, LF low frequency, HF high frequency
a Statistical transformation was used
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not optimal. The intention was to administer a fairly broad
battery with a focus on frontal/executive measures, known to
be more sensitive to negative affect and stress. Yet the cogni-
tive benefits of MM could be related to decreased mind-
wandering (Hasenkamp et al. 2012), which may not be appar-
ent in conventional cognitive testing that requires high atten-
tional focus for only relatively brief periods. Finally, cognitive
changes may not have been detected because of the testing
timeframe. One prior study of MBSR in adults whose mean
age was greater than that in this study (73 vs. 60 years old)
observed a significant immediate effect at 8 weeks of MBSR
on the ratio of Trail Making Test part B/A before correcting
for multiple outcomes (Moynihan et al. 2013). However, there
was no effect when measured again at 11 or 32 weeks.

In contrast to the absence of cognitive changes, there were
significant improvements in most of the self-rated measures
related to negative mood and stress, with partial eta squared
effect sizes ranging up to 0.12. Neuroticism, which is a risk
factor for cognitive decline in aging (Wilson et al. 2003,
2011), was significantly decreased. While personality has tra-
ditionally been thought of more as a stable trait measure with
genetic contributions, it can also be affected by environmental
influences, as evidenced by a previous study that reported
personality changes from a meditation intervention (Jacobs
et al. 2011). Additionally, the SF-36 demonstrated significant
MM-related changes in the Mental Health Component and
Vitality subscale scores. The adjusted mean difference in the
Mental Health Component (5.7) was greater than theminimum
clinically important difference, which is 4 (Coteur et al. 2009).
Additionally, the adjusted mean difference in the Vitality
subscore was 8.3, which is close to the minimum clinically
important difference of about 9 (Coteur et al. 2009). The SF-
36 Vitality subscore has also improved from a different mind-
body intervention, yoga, in healthy older adults (Oken et al.
2006) and in people with multiple sclerosis (Oken et al. 2004).
One self-report measure that did not improve was subjective
sleep quality (PSQI), even though there is some evidence that
mind-body medicine may improve sleep (Neuendorf et al.
2015a, b). While our study participants were not recruited for
sleep problems, their average PSQI score at baseline was 8.4
(scores of 5 and above are considered Bpoor sleep quality^).

With the exception of respiration rate, the physiological
outcomes were not changed. The decline in respiration rate
in the MM group was seen in the third 5-min block of sitting
quietly listening to auditory recordings. The reduction may
represent a specific MM training-related change since mindful
awareness of breathing was a central focus. There were no
changes in other physiological measures related to stress, in-
cluding HRV (LF/HF ratio and standard deviation of RR in-
terval) or cortisol, which were strong theoretical candidates
for sensitive measures. We sampled cortisol only three times
a day for the 2 days following each of the visits. This limited
sampling has been associated with worse intra-subject

reliability for test-retest, high inter-subject coefficient of vari-
ation, and limited data to calculate area under the curve or
diurnal cortisol slope. Thus, the study design and analysis
may have been at least partially responsible for not detecting
significant changes in cortisol.

Some of the mental health benefits of MM compared to
waitlist may be related to simple attention and expectancy/
placebo effects because there was only a passive waitlist control
and no active control. The fact that objective measures demon-
strated less change than the subjective self-rated measures lends
credibility to this possibility since placebo is known to have a
greater effect on subjectivemeasures (Hrobjartsson andGotzsche
2001; Oken 2008). However, the significant changes in the self-
rated psychological measures were not correlatedwith the expec-
tancy questionnaire scores. Also, some of the highly standardized
assessments (e.g., Neuroticism) are not generally known to have
significant improvements from any intervention, let alone dem-
onstrate a placebo effect. Lastly, the effect size for mental health
measures being above the minimum clinically important differ-
ence for somemeasures makes the expectancy effect explanation
less likely.

As discussed, the absence of major changes in objective
measures in contrast to the significant changes in self-rated
measures is likely more than simple placebo effect, and there
are many potential explanations. It is possible that the MM
intervention used in this study was not sufficiently long in
duration to affect cognitive or physiological changes. The
widely used MBSR program typically includes 26 h of class
time, including eight 2.5-h sessions and an all-day retreat
(Kabat-Zinn et al. 1992). While shortened adaptations of the
standardized MBSR and MBCT programs have demonstrated
benefit, the ideal intervention duration is unknown. It may
also be the case that outcomes need to be measured over a
much longer time frame. It has been shown that physiological
changes related to improvements in stress improvement or
perseverative cognition (Ottaviani et al. 2014, 2016) may take
considerable time, and visit 2 was only at 2 months.

There are many physiological measures related to stress
(Oken et al. 2015) that may increase due to a short-term stressor;
on the other hand, they may not decrease as much from a longer-
term stress-reducing intervention. Other physiological changes
not directly related to intracerebral processes, or what have been
called allostatic load measures, have generally been more sensi-
tive to longer-term cross-sectional differences (Evans and
Schamberg 2009; Juster et al. 2009; Seeman et al. 2001) and
may have low sensitivity to a short-term intervention.

The outcomes may not be optimally chosen or well-per-
formed.While we have previously demonstrated experimental
and cross-sectional changes in cortisol and heart rate variabil-
ity related to stress (Mukherjee et al. 2011; Wahbeh et al.
2008), cortisol is known to have high test-retest variability,
and sampling at only three time points on only 2 days may
be contributing to the absence of an intervention effect.
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Ecological momentary assessment (EMA) (Shiffman et al.
2008) may produce more useful measures than single assess-
ments in the laboratory environment. The laboratory induces
an inherent change in peoples’ state, and they are not exposed
to real-life stressors that would demonstrate their negative
emotional reactivity and trigger coping mechanisms. The im-
provements related to meditation may primarily improve
responsivity to a stressor (resilience). The objective measures
may need to be direct measures of resilience to stress, either
with experimental stressors or more sustained EMA.

The one-on-one class is likely not ideal for all participants
although it has been quite acceptable and allows more flexi-
bility for scheduling research participants. A recent survey
comparing on-line, one-on-one, and group delivery of MM
training suggested that one-on-one was at least as acceptable
as group (Wahbeh et al. 2014a, b). A group setting might
produce improvements because of group cohesion and social
support. However, the variability of group dynamics would
add experimental noise to the intervention, and a group setting
is less acceptable to some people with high introversion or
PTSD.

It is likely that some people do not improve as a result of
MM training from a mental health, cognitive, or physiological
perspective. It will be useful to better define those who are
most likely to respond to MM training.

There is no way to assess the quality of meditation, so it is
possible that the Bdose,^ as measured in number of hours
practiced, was insufficient in this study to induce cognitive
or physiological changes. The optimal dose of meditation
needed to induce stress-relieving cognitive or physiological
effects is not known. Those in the MM arm in this study
practiced an average of 30 min per day during the 6-week
intervention, as assessed by turning on the study iPod Touch
to listen to the guided meditation audio for daily practice.
Among the self-rated psychological measures that did demon-
strate improvement with MM training compared to waitlist,
there was no relationship of the degree of improvement with
minutes practiced. There is little empirical data to justify how
long one should practice meditation to achieve improvements
in clinically relevant markers, and it would be helpful to have
better knowledge of the dose response effect. It is also likely
that some people do not improve as a result of MM training
from a physiological, cognitive, or even mental health per-
spective. It will be useful to better define those who are most
likely to respond to MM training.

While there was no relationship between mental health or
cognitive improvement and minutes practiced, there was a
relationship between changes in the mindfulness measures
and mental health improvement. However, this relationship
was even seen in the waitlist group, suggesting that the mind-
fulness change measures are not specific to MM interventions
but do relate to mental health. Such relationships were not
observed with the cognitive outcomes.

There are several additional limitations of this study. The
age range of the study population was relatively narrow and
participants were mostly women, Caucasian, and highly edu-
cated. While participants needed to report at least mild stress,
they were not allowed to have very significant stress attribut-
able to conditions such as generalized anxiety disorder, PTSD,
or untreated depression. The latter populations may experi-
ence different effects of MM on cognitive or physiological
outcomes. The MM was delivered in structured training ses-
sions previously described, but the use of a single trainer limits
the generalizability of this study’s results. Additionally, the
effects of the intervention cannot be disentangled from the
effects of the interventionist.

In summary, this study demonstrated significant benefits in
many self-rated measures related to negative affect and stress,
including clinically significant improvements.While other po-
tential causes of the lack of observed changes in cognitive and
physiological measures have been discussed, one possible ex-
planation is expectancy effects given the use of only a waitlist
control. In general, it is important to have an active control
group that tries to match expectancy, but it is also important to
have a passive control (usual care or waitlist) to see whether
the non-specific expectancy effect is clinically significant
even without having a specific treatment effect (Walach
2001). Using psychological measures as outcomes, some
have even suggested that the main effect of standard pharma-
cological treatments for depression is a non-specific placebo
effect (Kirsch 2010). Given the effect sizes for a MM inter-
vention in this study along with its relatively low cost and risk,
it is not unreasonable to consider MM useful for stressed
older adults if the goal is to improve mental health, whatever
the mechanism. In order to further understand the
mechanism of improvement in mental health from MM,
there remains a need for better experimental and analyti-
cal approaches. Since reactivity to stress is a biologically
complicated system and different people have different
physiological sequelae to stress, researchers may well
benefit from methodologies that generate more relevant
data and take better advantage of systems science
methods and approaches (Mobus and Kalton 2015; Oken
et al. 2015).
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