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IMPORTANCE Episodic memory and executive function are essential aspects of cognitive
functioning that decline with aging. This decline may be ameliorable with lifestyle interventions.

OBJECTIVE To determine whether mindfulness-based stress reduction (MBSR), exercise,
or a combination of both improve cognitive function in older adults.

DESIGN, SETTING, AND PARTICIPANTS This 2 × 2 factorial randomized clinical trial was
conducted at 2 US sites (Washington University in St Louis and University of California,
San Diego). A total of 585 older adults (aged 65-84 y) with subjective cognitive concerns, but
not dementia, were randomized (enrollment from November 19, 2015, to January 23, 2019;
final follow-up on March 16, 2020).

INTERVENTIONS Participants were randomized to undergo the following interventions: MBSR
with a target of 60 minutes daily of meditation (n = 150); exercise with aerobic, strength, and
functional components with a target of at least 300 minutes weekly (n = 138); combined
MBSR and exercise (n = 144); or a health education control group (n = 153). Interventions
lasted 18 months and consisted of group-based classes and home practice.

MAIN OUTCOMES AND MEASURES The 2 primary outcomes were composites of episodic
memory and executive function (standardized to a mean [SD] of 0 [1]; higher composite
scores indicate better cognitive performance) from neuropsychological testing; the primary
end point was 6 months and the secondary end point was 18 months. There were 5 reported
secondary outcomes: hippocampal volume and dorsolateral prefrontal cortex thickness and
surface area from structural magnetic resonance imaging and functional cognitive capacity
and self-reported cognitive concerns.

RESULTS Among 585 randomized participants (mean age, 71.5 years; 424 [72.5%] women),
568 (97.1%) completed 6 months in the trial and 475 (81.2%) completed 18 months.
At 6 months, there was no significant effect of mindfulness training or exercise on episodic
memory (MBSR vs no MBSR: 0.44 vs 0.48; mean difference, –0.04 points [95% CI, –0.15 to
0.07]; P = .50; exercise vs no exercise: 0.49 vs 0.42; difference, 0.07 [95% CI, –0.04 to 0.17];
P = .23) or executive function (MBSR vs no MBSR: 0.39 vs 0.31; mean difference, 0.08 points
[95% CI, –0.02 to 0.19]; P = .12; exercise vs no exercise: 0.39 vs 0.32; difference, 0.07
[95% CI, –0.03 to 0.18]; P = .17) and there were no intervention effects at the secondary end
point of 18 months. There was no significant interaction between mindfulness training and
exercise (P = .93 for memory and P = .29 for executive function) at 6 months. Of the 5
prespecified secondary outcomes, none showed a significant improvement with either
intervention compared with those not receiving the intervention.

CONCLUSIONS AND RELEVANCE Among older adults with subjective cognitive concerns,
mindfulness training, exercise, or both did not result in significant differences in improvement in
episodic memory or executive function at 6 months. The findings do not support the use of
these interventions for improving cognition in older adults with subjective cognitive concerns.
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M ost older adults experience deteriorating cog-
nitive function. Declines in episodic memory and
executive function parallel volume losses in brain

structures, such as the hippocampus and dorsolateral pre-
frontal cortex (DLPFC).1,2 With the increasing age of the
population, lifestyle interventions could provide a scalable
means to target modifiable mechanisms of these cognitive
and brain changes, thereby helping improve and maintain
cognitive functioning.3

Two promising interventions are mindfulness training
and exercise. Mindfulness-based stress reduction (MBSR) is a
group-based intervention based on mindfulness meditation
training.4 From a mechanistic standpoint, practicing mind-
fulness may enhance cognitive processes such as working
memory5; further, mindfulness techniques may reduce
stress, thereby affecting physiological parameters such as
cortisol levels and sleep.6,7 Aerobic and strength training are
both theorized to be associated with cognitive function8;
some studies have found exercise-related cognitive changes
together with structural brain changes.9,10 Previous studies
have suggested changes in insulin sensitivity, aerobic capac-
ity, and body fat as some of the proposed mechanisms.11

MBSR and exercise could have additive benefits because their
putative mechanisms may be complementary. Accordingly,
a randomized clinical trial was conducted to determine
whether MBSR and exercise improve cognitive function and
whether the combination of MBSR and exercise has greater
benefits than either intervention alone.

Methods
Study Design
The MEDEX (Mindfulness, Education, and Exercise) study
was a randomized clinical trial comparing MBSR and exer-
cise, alone or in combination, with a robust control interven-
tion (health education) designed to control for expectancy in
older adults with subjective cognitive concerns and without
dementia. Outcome assessments evaluated cognitive func-
tion and brain structure over 18 months of intervention. For
full details of the trial design, protocol, and statistical analy-
sis plan, see Wetherell et al12 and Supplement 1. The study
was conducted from 2015 to 2020 in St Louis, Missouri, and
San Diego, California, with enrollment from November 19,
2015, through January 23, 2019, and final follow-up on March
16, 2020. Ethics approval was provided by the universities’
institutional review boards. All participants provided written
informed consent. Recruitment methods included use of
press (eg, television, newspapers), online sources (eg, via
social media, websites), printed flyers, presentations at com-
munity outreach events, and direct mailings.

Participants
From November 2015 to January 2019, the study enrolled com-
munity-dwelling older adults. Inclusion criteria were age 65
to 84 years; self-reported age-related changes in cognitive func-
tion, defined by a positive response to questions of whether
they or others had noticed trouble with their memory or con-

centration; and being cognitively intact, defined as scoring less
than 10 on the Short Blessed Test, for which scores greater than
or equal to 10 suggest impairment consistent with dementia.13

The study allowed mild cognitive impairment, and no clini-
cal rating of dementia status was done. Exclusion criteria were
neurodegenerative illness (eg, dementia, Parkinson disease,
cerebrovascular disease); not sedentary (current moderate- to
high-intensity exercise ≥1 h/wk or light activity ≥1 h/d; see
eMethods 1 in Supplement 2 for details); current meditation
practice or cognitive training; medical conditions that sug-
gest shortened lifespan, or would prohibit safe participation,
would prohibit safe participation in the interventions (eg, meta-
static cancer, unstable cardiovascular disease), or would in-
terfere with study assessments (eg, diabetes medication, sys-
temic glucocorticoids, magnetic resonance imaging [MRI]
contraindications, severe hearing/visual impairment); and non-
fluent English-language speaker.

Randomization
After baseline assessment, participants were randomized to the
following groups in a 1:1:1:1 ratio: MBSR alone, exercise alone,
combined MBSR and exercise, and health education (control
group). Using R software, the study statistician (M.D.Y.) gen-
erated the randomization sequence. The study primary inves-
tigator and coordinators were kept blinded to the randomiza-
tion until the study coordinator was ready for the next group
to be randomized. Participants learned their randomization as-
signment at the first intervention group meeting. Randomiza-
tion was done in groups of approximately 15 individuals (range,
12-17) and was stratified by site.

Interventions
All interventions were conducted for 18 months, which con-
sisted of a 6-month acute and 12-month maintenance phase.

The MBSR intervention matched the format of the con-
sensus MBSR protocol14; after a brief introductory meeting, the
intervention was conducted in 8 weekly 2.5-hour classes plus
a half-day retreat. For the remainder of the 6-month acute
phase and the subsequent 12 months of maintenance, MBSR
classes met monthly. Content included instruction in mind-
fulness meditation practices and exercises to enhance mind-
fulness in everyday life. Participants also used A Mindfulness-
Based Stress Reduction Workbook.15 Participants received daily

Key Points
Question Does mindfulness training, exercise, or the combination
of these interventions improve cognitive function in older adults
with subjective cognitive concerns?

Findings In this randomized clinical trial that included 585
participants, mindfulness training, exercise, or both did not result
in significant differences in improvement in episodic memory or
executive function composite scores at 6 months.

Meaning The findings do not support the use of mindfulness
training, exercise, or a combination of both for significantly
improving cognitive function in older adults with subjective
cognitive concerns.
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at-home assignments with a goal of 60 minutes of daily at-
home meditative practice. Additional details are provided in
Supplement 2.

The exercise intervention was designed to improve aero-
bic fitness, strength, balance, mobility, and flexibility. It con-
sisted of facility-based, instructor-supervised 1.5-hour
classes twice weekly for 6 months. Sessions included aerobic
exercise, resistance training, and functional exercises. Par-
ticipants were prescribed home exercise with a goal of com-
pleting at least 300 minutes per week of combined class plus
home exercise. Classes continued once per week during the
12-month maintenance phase with the same exercise goal of
at least 300 minutes per week. Additional details are pro-
vided in Supplement 2.

Participants in the combined MBSR and exercise interven-
tion underwent both MBSR and exercise, with the above-
listed frequency of classes and goals for each intervention.

The health education intervention was an attention pla-
cebo to control for nonspecific factors (eg, time spent in
groups) and expectancy.16 It matched the MBSR intervention
for group setting, class time, frequency of sessions, and
attention with weekly assignments, but no goals, related to
the amount of time engaged in them. It was based on the
Stanford chronic disease self-management book Living
a Healthy Life with Chronic Conditions,17 omitting information
on mindfulness and exercise.

To monitor fidelity, both sites utilized instructors trained
in the respective interventions. Instructor fidelity was main-
tained by regular supervision calls, measuring session time and
confirming adherence to the study protocol, and, in the case
of MBSR, video recording sessions with review by MBSR ex-
perts according to published fidelity criteria for mindfulness-
based interventions18 (all sessions were rated as competent;
Supplement 2).

To evaluate participant adherence, class attendance was
monitored. Additionally, for MBSR and exercise interven-
tions, home practice during the 6-month acute period was mea-
sured and reinforced using daily surveys sent to tablets or
smartphones. During the maintenance phase, participants in
the MBSR and exercise groups were asked if they had any
breaks in their home practice.

Outcomes
All outcomes were measured by blinded assessors. The 2 pri-
mary outcomes were episodic memory and executive func-
tion (cognitive control) composites (standardized to a mean
[SD] of 0 [1]; higher composite scores indicate better cogni-
tive performance) at the 6-month end point. These compos-
ite scores were calculated from a neuropsychological test bat-
tery conducted at 0, 3, 6, and 18 months. The secondary end
point was 18 months. These domains were selected based on
previous research on the effects of mindfulness and exercise
on cognitive function. Memory tests were immediate and de-
layed recall using a 16-item word list and 2 paragraphs devel-
oped for repeated administrations during longitudinal stud-
ies (ie, different lists and paragraphs at each time point)19 and
the Picture Sequence Memory Test from the National Insti-
tutes of Health (NIH) Toolbox.20 Executive function tests were

the Dimensional Change Card Sort test, Flanker Inhibitory Con-
trol and Attention Test, and List Sorting Working Memory Test
from NIH Toolbox and the following 3 additional computer-
based tests: the Consonant-Vowel Odd-Even Switching test,21

the Sustained Attention to Response Test,22 and the Stroop
Test.23 For each memory or executive function variable,
a Z score was computed for each participant using the mean
and SD of that variable computed on all randomized partici-
pants at baseline ([participant score − mean]/SD). Composite
scores were then created by taking the mean of the Z scores of
all available memory or cognitive control variables (addi-
tional details are provided in the statistical analysis plan
[Supplement 1]). Composite scores, compared with indi-
vidual test scores, improve both test-retest reliability and the
ability to detect subtle changes in scores, as exemplified by the
Preclinical Alzheimer Cognitive Composite (a clinical trial out-
come that similarly combines multiple cognitive tests).24 For
interpretation purposes, if the intervention was effective in im-
proving each individual measure that comprised the compos-
ite by 1 SD, the overall composite score would improve by 1 point
(compared with the control). The correlations between the
baseline (month 0) and 6-month composite scores were 0.81
for the memory composite and 0.80 for the executive func-
tion composite, suggesting high reliability.

Secondary outcomes (left and right hippocampal volume
and left and right DLPFC surface area and cortical thickness)
consisted of high-resolution T1-weighted MRI (MP-RAGE;
1 × 1 × 1 mm; TR = 2300 ms; TI = 900 ms; TE = 2.95 ms; flip
angle = 9°), which were acquired at 0, 6, and 18 months.
Longitudinal FreeSurfer25 processing generated the measure-
ments. The correlations between the baseline and 6-month MRI
measures were 0.99 for hippocampal volume, 0.98 for DLPFC
surface area, and 0.92 for DLPFC thickness. At the same time
points, resting-state MRI data were collected; these data are
presented in another report.26

Additional secondary cognitive outcomes included the Re-
vised Observed Tasks of Daily Living27 score, a performance-
based measure of functional cognitive capacity (range, 0-28;
higher values indicate greater ability to complete everyday ac-
tivities) and the Quality of Life in Neurological Disorders Cog-
nitive Function28 score, a self-report measure of cognitive con-
cerns (range, 18-90; higher values indicate better outcomes).

To assess mechanisms of exercise- and mindfulness-
induced cognitive benefits, several physiological and perfor-
mance measures at 0, 6, and 18 months were tested (details
of measurement are provided in Supplement 2): aerobic fit-
ness, insulin sensitivity and resistance, body fat and fat-free
masses, physical performance, plasma cortisol levels, physi-
cal activity, time to fall asleep and total sleep time, mindful-
ness state, and upper- and lower-body strength.

Race and ethnicity were self-reported by participants based
on fixed categories to understand the diversity of enrolled par-
ticipants and for potential future subgroup analyses examin-
ing differences in results based on these characteristics.

Sample Size Calculation
A target sample size of 580 participants was determined based
on 80% power to detect either main effects or an interaction of

Research Original Investigation Effects of Mindfulness Training and Exercise on Cognitive Function in Older Adults

2220 JAMA December 13, 2022 Volume 328, Number 22 (Reprinted) jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Washington University - St Louis User  on 12/16/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.21680


at least a small effect size, of 0.2 (Cohen d). The study was not
designed to detect a specific minimal clinically important dif-
ference. All power analyses were conducted with G*Power, ver-
sion 3.1, and assumed 15% attrition for power calculations.

Statistical Analyses
See Supplement 1 for the complete statistical analysis plan.
A marginal model was fit for the repeated measures analyses.
The model included the between-participant main effects of
MBSR and exercise, their interaction, and the 2- and 3-way in-
teractions between time and the between-participant ef-
fects. Time (0, 3 [cognitive measures only], 6, and 18 months)
was a within-participants effect with an unspecified covari-
ance matrix due to uneven time intervals between visits.
Site, age, and sex were included as covariates in the models.
Clustering by site was accounted for because site was a factor
in all primary and secondary outcome models.

The primary test of effectiveness of each intervention was
the change in the composite scores from baseline to 6 months
in the participants randomized to undergo the intervention
compared with those not receiving the intervention, as com-

puted with the appropriate contrast (eg, MBSR vs no MBSR).
The 2 × 2 factorial design was analyzed with the 2 main ef-
fects of exercise (underwent exercise intervention vs did not
undergo exercise) and MBSR (underwent MBSR intervention
vs did not undergo MBSR).

All randomized individuals were included in the primary
analysis (Figure 1). Participants were analyzed according to their
randomization group. A Bonferroni-adjusted 2-tailed signifi-
cance level of .025 was used for each of the 2 primary out-
comes. Effect sizes with 95% CIs for 6- and 18-month effects
for all primary and secondary outcomes were computed. Be-
cause of the potential for type I error due to multiple compari-
sons, findings for analyses of secondary time points and sec-
ondary outcomes should be interpreted as exploratory. The
mixed-model analytic approach used is robust in accounting
for missing data. Participants were included in the analytic
model if they had data for at least 1 time point.

Given neutral findings for the primary outcomes, the im-
portance of post hoc analyses became clear. Subsequent per-
protocol analyses were conducted, as were subgroup tests ex-
amining changes in cognitive outcomes among those who

Figure 1. Participant Flow in a Study of the Effect of Mindfulness-Based Stress Reduction (MBSR) and Exercise on Cognitive Function

6104 Individuals approached by or
contacted the study teama

734 Screened and provided consent

149 Excluded
97 Did not qualify

52 Refused

4 Neurodegenerative illness
6 Not sedentary

81 Medical conditionsb

3 Did not meet inclusion criteria
3 Other

585 Randomized

150 Randomized to MBSR group 138 Randomized to exercise group 144 Randomized to MBSR and
exercise group

153 Randomized to health
education group

150 Included in primary analysis 138 Included in primary analysis 144 Included in primary analysis 153 Included in primary analysis

145 Completed 6-mo assessmentsc

5 Lost to follow-up
134 Completed 6-mo assessmentsc

4 Lost to follow-up
141 Completed 6-mo assessmentsc

3 Lost to follow-up
148 Completed 6-mo assessmentsc

5 Lost to follow-up

139 Completed 18-mo assessments
6 Lost to follow-up

119 Completed 18-mo assessments
8 Lost to follow-up
7 Did not complete due to

pandemic

106 Completed 18-mo assessments
9 Lost to follow-up

26 Did not complete due to
pandemic

111 Completed 18-mo assessmentsd

1 Lost to follow-up
36 Did not complete due to

pandemic

a Unless individuals were screened, they were not fully assessed for eligibility; as
such, the study team does not have the results (eg, why they were excluded or
declined) for all of these individuals.

b Conditions that would suggest shortened lifespan or would prohibit safe
participation in the interventions (eg, metastatic cancer, unstable
cardiovascular disease) or would interfere with study assessments (eg,
diabetes medication, systemic glucocorticoids, magnetic resonance imaging
contraindications, severe hearing/visual impairment).

c Unless they officially withdrew, participants who missed the 6-month
assessment were not out of the study; they could rejoin for the 18-month
assessment.

d A higher number of participants (n = 36) in the health education intervention
group were unable to complete the 18-month assessments due to the
COVID-19 pandemic because of the randomization schedule (eg, these
intervention groups were the last groups to be randomized in the trial). For
example, 3 of the last 4 groups randomized in the trial were health education.
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showed the most vs the least change in the physiological and
performance markers described above. The 2 per-protocol
groups were defined post hoc based on examination of atten-
dance data and home practice data: participants reporting
home practice of their randomized intervention (MBSR or ex-
ercise) on at least 70% of days and participants attending at
least 70% of classes. Both groups also excluded individuals who
participated in interventions to which they were not random-
ized (Supplement 2). Additionally, given that the primary out-
comes showed no intervention effect, the original plan to ex-
amine MRI structural changes as part of a mediator analysis
was modified: rather than examining MRI structural changes
as mediators, they were analyzed as secondary outcomes. All
analyses were conducted in SAS, version 9.4 (SAS Institute).

Results
Enrollment and Participant Characteristics
A total of 6104 individuals were approached by or directly con-
tacted the study team and 734 completed baseline screening
and provided written informed consent; of these individuals,
149 did not qualify or wish to participate further. Thus, 585 in-
dividuals met all study criteria and were randomized and in-
cluded in the analysis. A total of 97.1% of participants com-
pleted 6-month assessments and 81.2% completed 18-month
assessments (Figure 1).

The full sample had a mean (SD) age of 71.5 (4.8) years and
education level of 16.2 (2.2) years and 424 (72.5%) were women,
2 (0.3%) were American Indian, 27 (4.6%) were Asian, 69
(11.8%) were Black, 477 (81.5%) were White (the remaining in-
dividuals were unknown or >1 race), and 39 (6.7%) were
Hispanic/Latino. Demographic information and other base-
line characteristics were well-balanced across intervention
groups (Table).

Primary Outcomes
Figure 2 shows changes over 18 months in the 2 primary out-
come measures: composite variables of memory and execu-
tive function. At 6 months, there were no significant differ-
ences in these measures when comparing participants with and
without MBSR (memory composite score, 0.44 vs 0.48; mean
difference, –0.04 points [95% CI, –0.15 to 0.07]; P = .50; ex-
ecutive function score, 0.39 vs 0.31; mean composite differ-
ence, 0.08 [95% CI, –0.02 to 0.19]; P = .12) and with vs with-
out exercise (memory composite, 0.49 vs 0.42; mean
difference, 0.07 points [95% CI, –0.04 to 0.17]; P = .23; execu-
tive function composite, 0.39 vs 0.32; mean difference, 0.07
points [95% CI, –0.03 to 0.18]; P = .17).

Secondary Outcomes
There were also no significant differences at 18 months (sec-
ondary end point) for the composite variables of memory
(MBSR vs no MBSR: 0.61 vs 0.53; mean difference, 0.08
[95% CI, –0.04 to 0.19]; P = .18; exercise vs no exercise: 0.55
vs 0.59; mean difference, –0.04 [95% CI, –0.15 to 0.07]; P = .47)
and executive function (MBSR vs no MBSR: 0.27 vs 0.31; mean
difference, –0.04 [95% CI, –0.15 to 0.07]; P = .44; exercise vs

no exercise: 0.28 vs 0.29; mean difference, –0.01 [95% CI, –0.12
to 0.11]; P = .93)

Secondary outcomes included structural MRI measures
(Figure 3) and additional cognitive outcomes (Supplement 2).
At 6 months, there were no significant intervention effects
on hippocampal volume (MBSR vs no MBSR: difference,
–3.46 mm3 [95% CI, –14.27 to 7.34]; P = .53; exercise vs no
exercise: difference, 3.04 mm3 [95% CI, –7.76 to 13.85];
P = .58), DLPFC surface area (MBSR vs no MBSR: difference,
22.71 mm2 [95% CI, –22.95 to 68.36]; P = .33; exercise vs no
exercise: difference, –17.18 mm2 [95% CI, –62.83 to 28.48];
P = .46), or cortical thickness (MBSR vs no MBSR: difference,
–0.01 mm [95% CI, –0.02 to 0.01]; P = .37; exercise vs no
exercise: difference, 0.01 mm [95% CI, 0.00-0.02]; P = .21).
At the secondary time point of 18 months, there was also no
significant intervention effects on DLPFC surface area (MBSR
vs no MBSR: difference, 25.35 mm2 [95% CI, –23.18 to 73.88];
P = .31; exercise vs no exercise: difference, 21.11 mm2 [95%
CI, –27.41 to 69.64]; P = .39) or cortical thickness (MBSR vs no
MBSR: difference = –0.01 mm, [95% CI, –0.02 to 0.00],
P = .10; exercise vs no exercise: difference, –0.01 mm [95%
CI, –0.02 to 0.00]; P = .09). One exception was that hippo-
campal volume showed a significantly greater reduction over
18 months with MBSR compared with no MBSR (difference,
–20.16 mm3 [95% CI, –33.88 to –6.44]; P = .004), contrary to
the hypothesized direction of change; however, there was no
significant intervention effect with exercise compared with
no exercise (difference, –6.26 mm3 [95% CI, –19.98 to 7.46];
P = .37). There was also a main effect of time for hippocampal
volume (P < .001) and DLPFC cortical thickness (P < .001)
(but not DLPFC surface area [P = .68]), which declined in all
groups over 18 months. There were no significant interven-
tion effects on the secondary cognitive outcomes (Observed
Tasks of Daily Living or Neurological Disorders Cognitive
Function score; eFigure 2 in Supplement 2).

Tests of Combination MBSR and Exercise
and Intervention Interactions
Interactions between the 2 factors in the 2 × 2 design (MBSR
vs no MBSR and exercise vs no exercise) were tested. Because
none of the interaction test results were significant at 6
months (memory composite, P = .93; executive function
composite, P = .29; hippocampal volume, P = .76; DLPFC sur-
face area, P = .19; and DLPFC cortical thickness, P = .52), the
primary analyses described above were conducted by pooling
the factorial groups. eTable 1 in Supplement 2 presents a
4-group analysis (MBSR alone, exercise alone, combined
MBSR and exercise, and health education), along with full
data on the 3-way interactions tested for the primary out-
comes and secondary MRI outcomes. This comparison shows
that combined MBSR and exercise showed no significant
improvement compared with MBSR alone, exercise alone, or
health education (eFigure 1 in Supplement 2).

Adherence to the Interventions and Per-Protocol Analysis
Participants had a median (IQR) attendance of 90% (80.0%-
100.0%) at MBSR classes and 83.3% (71.7%-91.7%) at exer-
cise classes in the first 6 months. eFigure 3 in Supplement 2
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shows adherence to the interventions based on home prac-
tice and class attendance. eTable 2 in Supplement 2 com-
pares intervention effects in the entire sample and the per-
protocol subgroups; results are unchanged for all primary
and secondary outcomes.

Post Hoc Analysis of Subgroups That Showed Putatively
Beneficial Effects of Interventions
eTable 3 in Supplement 2 shows the effects of the interven-
tions on multiple performance and physiological measures.
Physical performance, aerobic fitness, and strength in-
creased and sleep quality significantly improved (sleep la-
tency was reduced and total sleep time was increased) with

exercise (eTable 3A in Supplement 2). No variables were in-
fluenced by MBSR, including self-reported mindfulness
(eTable 3B in Supplement 2).

Subgroups of participants who had the most change (top
tertile) vs those who had the least change (bottom tertile) in
these performance and physiological variables were then
evaluated in terms of changes in their cognitive performance.
eTable 4 in Supplement 2 quantifies these tertiles and eFig-
ure 4 in Supplement 2 compares their episodic memory and
executive function changes over 18 months. As shown in
eFigure 4 in Supplement 2, there were, at most marginal,
and, in the majority of cases, no differences in subgroups,
which suggests limited to no evidence that MBSR or exercise

Figure 2. Memory and Executive Function Composite Changes Over 18 Months
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The composite scores were the standardized mean of several
neuropsychological test scores for the domain of interest. A Z score was
computed for each participant ([participant score − mean]/SD), using the mean
and SD of that variable computed on all randomized participants at baseline. For
example, the memory composite variable was created by the mean Z scores of
all available memory variables. For composite interpretation purposes, if the
intervention was effective in improving each individual measure that comprised
the composite by 1 SD, the overall composite score would improve by 1 point

(compared with the control). The ranges for memory and executive function are
−3.3 to 3.7 and −5.0 to 3.0, respectively. See eTable 2 in Supplement 2 for
numerical/model data of intervention effects. The boxplot inner horizontal lines
represent the median values, the boxes represent the IQR (25% and 75%), the
vertical whiskers extend to the upper and lower adjacent values (the furthest
points within 1.5 IQRs of the 25th and 75th percentiles), and the dots indicate
outlier values.
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Figure 3. Structural Brain Changes Over 18 Months

5000

4000

3000

2000

H
ip

po
ca

m
pa

l v
ol

um
e,

 m
m

3

Follow-up, mo

Hippocampal volume and MBSRA

No. of patients
No MBSR
MBSR

0

268
274

6

248
262

18

207
226

20 000

15 000

10 000

5000

DL
PF

C 
su

rf
ac

e 
ar

ea
, m

m
2

Follow-up, mo

DLPFC surface area and MBSRC

No. of patients
No MBSR
MBSR

0

268
274

6

248
262

18

207
226

5000

4000

3000

2000

H
ip

po
ca

m
pa

l v
ol

um
e,

 m
m

3

Follow-up, mo

Hippocampal volume and exerciseB

No. of patients
No exercise
Exercise

0

289
253

6

265
245

18

223
210

4.0

3.5

3.0

2.5

2.0

DL
PF

C 
co

rt
ic

al
 th

ic
kn

es
s,

 m
m

Follow-up, mo

DLPFC cortical thickness and MBSRE

No. of patients
No MBSR
MBSR

0

268
274

6

248
262

18

207
226

4.0

3.5

3.0

2.5

2.0

DL
PF

C 
co

rt
ic

al
 th

ic
kn

es
s,

 m
m

Follow-up, mo

DLPFC cortical thickness and exerciseF

No. of patients
No exercise
Exercise

0

289
253

6

265
245

18

223
210

20 000

15 000

10 000

5000

DL
PF

C 
su

rf
ac

e 
ar

ea
, m

m
2

Follow-up, mo

DLPFC surface area and exerciseD

No. of patients
No exercise
Exercise

0

289
253

6

265
245

18

223
210

No MBSR

MBSR

No exercise

Exercise

Shown are the mean of the right- and left-sided brain structures. The volumes
of the brain regions in this article are somewhat dependent on the
measurement technique; existing literature has found that both the volumes
and their rate of change are consistent with studies in healthy aging. For
example, Fraser et al37 found a rate of hippocampal atrophy of approximately
1% per year and Frangou et al38 reported a frontal cortical thickness change of
0.005 mm per year. These are within the range of changes reported in the

current sample. The ranges for hippocampal volume, DLPFC surface area, and
DLPFC cortical thickness are 2232 to 4926; 6642 to 16 992; and 2.0 to 3.7,
respectively. See eTable 2 in Supplement 2 for numerical/model data of
intervention effects. The boxplot inner horizontal lines represent the median
values, the boxes represent the IQR (25% and 75%), the vertical whiskers
extend to the upper and lower adjacent values (the furthest points within 1.5
IQRs of the 25th and 75th percentiles), and the dots indicate outlier values.
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differentially affected cognitive performance of participants
in the top vs bottom tertiles; therefore, no inferential statis-
tics were calculated.

Discussion
In this multicenter trial involving older adults with subjec-
tive cognitive concerns, mindfulness training, exercise, or both
did not result in significant differences in improvement in epi-
sodic memory or executive function composite scores at 6
months. In secondary analyses, there were no significant im-
provements due to the interventions at 18 months in second-
ary outcomes, including structural brain measures of hippo-
campus and DLPFC. The findings do not support the hypothesis
that these interventions improve cognitive performance in
older adults.

These null findings differ from positive findings in some
randomized clinical trials of exercise29 and epidemiological
data that have suggested that exercise was associated with
improved cognitive and brain health in older adults,30 as
well as a smaller body of literature supporting the beneficial
role of mindfulness.31 There are several potential causes for
these null findings. First, all groups showed increases in
cognitive performance over time, so it could be posited that
all interventions (including health education) benefited par-
ticipants equally and these increases reflect those benefits,
and thus the study failed due to lack of a proper negative
control. Arguing against this idea is that the health educa-
tion intervention was designed for this study so that it
would not specifically target cognition (eg, it did not include
a mindfulness or exercise regimen). Further, if cognitive
performance increases represented true benefits, one would
expect to see a reflection of those benefits in brain struc-
tures (ie, increase or attenuated decrease in the size of hip-
pocampus and DLPFC, structures involved in episodic
memory, and executive function), yet both structures
showed longitudinal declines with all conditions, consistent
with age-related atrophy not attenuated by the interven-
tions. In addition, the combination of MBSR and exercise
showed no greater change than each intervention alone.
Thus, the increases in cognitive performance likely reflect
expectancy or practice effects from repeated exposure to
the assessments.

Another potential cause of the null findings was failure in
target engagement (ie, failure in having the desired effect
from the interventions), which could result from poor partici-
pant adherence, low intervention fidelity by instructors, low
intensity of interventions, or low reliability of outcome mea-
sures. However, none of these problems were apparent: par-
ticipants demonstrated high adherence and retention in the
study, instructors were trained and supervised for fidelity,
the intensity of interventions was similar to that in prior
trials, and outcome reliability was good. Furthermore, per-
protocol analyses of participants that were more highly
adherent to the interventions showed no significant differ-
ences from the overall sample. In the exercise intervention,
physiological and performance changes suggest participants

benefited from exercise. Thus, the findings are similar to the
Lifestyle Interventions and Independence for Elders Study,
which showed a beneficial effect of 24 months of exercise on
disability prevention, but not cognitive performance.32 In
contrast, MBSR was not associated with significant change in
any physiological or performance measure, which raises the
question of whether the implementation of MBSR was suffi-
cient; however, given adequate instructor fidelity, participant
class attendance, and home practice, the lack of a measurable
effect of mindfulness training may reflect a lack of clearly-
measurable targets in mindfulness-based intervention.

Another possibility accounting for lack of detectable
effect of interventions is that participants were generally
healthy and potentially insufficiently sedentary at base-
line, thereby limiting potential for benefiting from lifestyle
interventions. To test this, subgroup analyses of those
who showed the greatest changes in physiological or perfor-
mance variables posited to underlie cognitive health
(eg, improved insulin sensitivity) were conducted. These
analyses found that, even when the interventions produced
beneficial changes in these putative mechanisms, they still
did not lead to significant cognitive benefits. Thus, the
health of the participants does not appear to explain the
null results. As a whole, these results suggest that the
underlying hypothesis is unsupported.

Limitations
This study has several limitations. First, the participants were
largely White and the majority were college-educated; this
limited diversity reduces generalizability of findings. Second,
the study focused on structural characteristics of hippocam-
pus and DLPFC as proxy measures of the brain’s health; other
regions or assessment techniques might be more sensitive to
intervention effects.33 Third, the study tested interventions
over 18 months; a longer period of intervention may be
needed to show beneficial effects. Fourth, the study focused
on healthy older adults who were objectively cognitive
intact; some studies have found beneficial effects of exercise
on cognitive function in more physically or cognitively ill and
frail older adults,34 as well as benefits of MBSR in older adults
with depression and anxiety.7 Fifth, individuals with subjec-
tive cognitive concerns are a heterogeneous group that could
include those with incipient dementia as well as individuals
experiencing the influence of medications, medical condi-
tions, or nutrition status. These and other potentially remedi-
able mechanisms beyond cortisol, insulin sensitivity, and
aerobic fitness were not examined in this study and should
be considered in future research.

Conclusions
Among older adults with subjective cognitive concerns, mind-
fulness training, exercise, or both did not result in significant
differences in improvement in episodic memory or executive
function composite scores at 6 months. The findings do not
support the use of these interventions for improving cogni-
tion in older adults with subjective cognitive concerns.
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