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Abstract

Objectives
This study aimed to determine the impact of an online mindfulness intervention, compared to a waitlist
control, on improving quality of life and psychological well-being among stroke survivors.

Methods
In this pilot randomized control trial, participants were randomized to a three-week online mindfulness
intervention or a waitlist control. Measures of psychological well-being and quality of life were
administered at baseline, post-intervention, and at one-month follow-up. Two baselines administered two
months apart were used for participants in the waitlist group. Non-parametric longitudinal data analysis
was used to analyze the relative treatment effects on psychological well-being and quality of life
measures.

Results
A total of 20 participants were recruited and randomized (11 in the mindfulness group and 9 in the
waitlist group). The retention rate was 80.0%. Study procedures were well accepted by participants and
no related adverse events occurred. The only baseline difference was depression, which was higher in
the waitlist group. Sleep significantly improved after the mindfulness intervention and a moderate to
large improvement was seen in reducing anxiety, lowering stress, and increasing quality of life, with
changes maintained one-month post-intervention.

Conclusions
This study provides the foundation for a larger planned randomized control trial. Further research is
necessary to determine the impact of mindfulness on psychological well-being and quality of life in
stroke survivors.

Trial registration:
NCT04553679 (date: 08-13-21)

1. Background
Life after stroke can be challenging, as stroke survivors often face persistent disability even after having
received multidisciplinary rehabilitation (Skolarus et al., 2014). Stroke survivors often report diminished
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perceived physical health (Patel et al., 2006) and high levels of life dissatisfaction, which are associated
with limitations in activity and restricted participation at one year post-stroke (Hartman-Maeir et al.,
2007). The prevalence of anxiety and depression is high among this population, correlating with adverse
clinical outcomes (Ayerbe et al., 2013; Campbell Burton et al., 2013; Liu et al., 2023). These findings
underscore the importance of providing support and intervention after stroke survivors are discharged
from the initial bout of rehabilitation.

Mindfulness is a promising intervention for stroke recovery to address psychological wellbeing, reduce
stress, help cope with the different facets of a chronic condition and develop the capability to accept
one’s own condition (Pagnini & Philips, 2015). Multiple health benefits are associated with mindfulness
interventions for stroke survivors, including a better control over negative thoughts and emotions (Jani
et al., 2018); a reduction in the perceived impact of stroke on one’s life (Doshi et al., 2017), fatigue
(Ulrichsen et al., 2016), and spasticity (Wathugala et al., 2019); and an increase in psychological well-
being (Doshi et al., 2017). Mindfulness is also well aligned with a self-management approach to stroke
recovery, an approach that has shown great benefits for stroke survivors (Fryer et al., 2016; Jones &
Riazi, 2011; Lennon et al., 2013). While multiple approaches to mindfulness exist (Pagnini & Philips,
2015), mindfulness is defined here as the process of actively making new distinctions about a situation
and its environment or its current context. Given the favorable results from small pilot studies with
stroke survivors, we developed an online mindfulness intervention tailored to stroke survivors and
caregivers. Our preliminary results confirmed that a remote assessment and delivery of a three-week
mindfulness intervention was feasible and well-accepted (Demers et al., 2022). However, we did not
include a group control, limiting our ability to draw meaningful conclusions on interventions’
effectiveness. To inform the development of a large randomized control trial, this pilot study aimed to
determine the extent to which a three-week online mindfulness intervention improves quality of life and
psychological well-being for chronic stroke survivors compared to a waitlist control. Our primary
hypothesis was that participants in the mindfulness group would demonstrate greater improvement in
quality of life and psychological well-being post-intervention compared to waitlist control participants
(hypothesis 1). We also hypothesized that the waitlist condition could have an effect on our outcomes
(hypothesis 1a). Our secondary hypothesis was that the improvements would persist at one-month post-
intervention (hypothesis 2).

2. Methods
2.1. Study design: This pilot study used a pragmatic two-arm randomized control trial design. The first
arm was a three-week self-directed mindfulness intervention, whereas the second arm was a two-month
waitlist control. Regardless of the group assignment, all participants were offered the mindfulness
intervention either after enrollment (mindfulness group) or after a two-month wait period (waitlist group).

2.2. Participants: Community-dwelling chronic stroke survivors were recruited through a combination of
existing laboratory and medical center databases, website advertisement and local support groups from
September 2021 to July 2023. Participants were included if they were fluent in English and had access to
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the Internet. Individuals with severe language impairments or those who participated in regular
meditation or a mindfulness program in the past three months were excluded. We also recruited
caregivers, but due to the low recruitment number (n = 7), the results of this caregiver group will not be
presented here. This study was approved by the Institutional Review Board at the University of Southern
California (HS-11-00413) and pre-registered (NCT04553679). All participants provided informed consent,
in the form of a signed electronic consent form completed on the REDCap platform. Due to the pilot
nature of this study, a sample of ten participants per intervention arm was targeted.2.3. Randomization:
Stroke survivors were randomized (1:1 ratio, blocks of 6) either to the mindfulness intervention group or
the waitlist control group. Randomization was done using a random number sequence generator placed
in sealed envelopes by a third party.
2.4. Intervention: The intervention consisted of a daily, self-directed mindfulness exercises, which was
based on the non-meditative Langerian approach and offered online for three weeks. The Langerian
approach focuses on attention to variability and provides easily accessible cognitive exercises, inducing
openness, cognitive flexibility, and creativity (Pagnini et al., 2016). The detailed description of the
intervention was previously reported (Demers et al., 2022). Every day, participants connected to an online
platform (D2L, Kitchner, Canada) to complete short cognitive exercises and receive educational
information about mindfulness. Written information and audio tracks were available for each exercise
and education materials.
2.5. Waitlist: Participants in the waitlist control were informed they would receive the mindfulness
intervention after a two-month wait period. A waitlist control was selected to allow provision of the
intervention and control for the effect of time and repeated testing. After the two-month wait period,
participants received the same mindfulness intervention as participants in the intervention group.
2.6. Procedures: All participants had three online visits comprised of 1) a baseline assessment, 2) a post-
intervention assessment, and 3) a one-month follow-up assessment. Participants in the waitlist group
took part in an additional baseline assessment, two months post-enrollment and before the start of the
mindfulness intervention (see Fig. 1 for assessment timeline). All online visits were done via the HIPAA-
compliant Zoom platform (Zoom Video Communications, Inc, San Jose, CA). During each visit,
participants completed a battery of assessments about psychological well-being and quality of life, and
any adverse events were noted. Participants were guided step-by-step on how to navigate the
mindfulness platform using their own device. Written instructions with reminders on how to navigate
were provided. Participants were instructed to connect to the mindfulness platform a minimum of five
days/week for three weeks to optimize participation. Follow-ups with participants were done after the
first 48 hours and every week thereafter. Participants were also able to contact a member of the
research team if they experienced any difficulties.

2.7. Outcome measures: Demographic information, stroke characteristics and expectations of the
mindfulness intervention were captured in a short interview. During the baseline assessment,
participants were asked to rate their confidence they would be able to implement mindfulness strategies
in their daily life at the end of the study using a visual analogue scale (0: not confident, 10: extremely
confident). The abbreviated version of the Montreal Cognitive Assessment (mini version 2.1) was
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administered to capture cognitive status because it is valid and reliable to administer remotely (Wong et
al., 2015). The assessor was not blind to the group allocation. Feedback about the mindfulness
intervention was collected post-intervention in the form of an exit survey. At each assessment timepoint,
we asked participants if they experienced any adverse events or change in their medical status. All
information collected during this study was coded to assure confidentiality.

Four outcome measures were collected at each timepoint using REDCap surveys: 1) quality of life:
Stroke Specific Quality of Life (SSQoL) (Williams et al., 1999), 2) anxiety and depression: Hospital Anxiety
and Depression Scale (HADS) (Zigmond & Snaith, 1983), 3) perceived stress: National Institutes of
Health Perceived Stress Survey (PSS) (Kupst et al., 2015), and 4) sleep quality: Single-Item Sleep Quality
Scale (Snyder et al., 2018). The SSQoL includes 49 items organized in 12 domains about the impact of
stroke on health and life (Williams et al., 1999). Each question is scored from 1 (total help) to 5 (no
trouble at all). Higher scores indicate higher functioning. The HADS is a 14-item scale with 7 items each
for anxiety and depression subscales (Zigmond & Snaith, 1983). Each item is scored from 0 to 3, with
higher scores indicating higher anxiety or depressive symptoms. The PSS includes 10 items about the
occurrence of life stressors scored from 0 (never) to 4 (very often) (Kupst et al., 2015). Higher scores
indicate higher perceived stress. The Single-Item Sleep Quality Scale (SISQ) includes an 11-point visual
analogue scale about sleep quality in the past week (0: poor, 10: excellent sleep quality) (Snyder et al.,
2018).

2.8. Data Analysis: The data analysis was performed by a member of the research team blinded to group
assignment, using a per protocol analysis. We estimated descriptive statistics on all outcomes; for
normally distributed data, we present the mean and standard deviation (SD), and for skewed
distributions, we present the median and interquartile range (IQR). Binary and categorical variables are
presented using counts and percentages.

Intervention analyses were completed in R and R Studio (R: The R Project for Statistical Computing, n.d.)
and the non-parametric longitudinal data (nparLD) software package version 4.2.2 (Noguchi et al., 2012).
The nparLD method was used because it allows for relative treatment effects (RTE) analysis by using
rank means on small data samples. The nparLD rank means effects provides a nonparametric equivalent
of the classic ANOVA test in longitudinal factorial data sets that lack parametric properties.

Effect of treatment: The RTE of the mindfulness intervention was assessed using the nparLD model to
capture changes over time between pre- to post-intervention to the mindfulness intervention and
between both baselines for the waitlist group.

Effect of timing: A second set of nparLD analyses compared the RTE in the waitlist group to the
intervention group. This analysis controls for the differences in timing and number of assessments
between those who completed three assessments (intervention group) compared to four assessments
(waitlist group).
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RTE was calculated using paired sample t-tests to compute Cohen’s d and rank biserial correlation for
baseline to post-intervention (intervention group) and baseline 1 versus baseline 2 (waitlist group). Rank
biserial correlation effect sizes were also used to calculate treatment effect sizes using rank means,
which was indicated due to the small sample size and ordinal data in this study. Persistent effects were
assessed with paired comparisons using Jamovi statistical software (Jamovi Project, n.d.) for each
variable pre to post intervention and post to one-month follow-up.

3. Results

3.1 Participant characteristics
Overall, 20 participants were enrolled in this study (see Fig. 2 for flow diagram), with 11 randomized to
the mindfulness group and 9 assigned to the waitlist control. In the mindfulness group, two participants
dropped out after the initial assessment but before starting the intervention, and another one dropped
after the third day of the intervention due to a lack of time. In the waitlist group, one participant dropped
after the baseline 2 assessment but before starting the mindfulness intervention due to change in health
status. All other participants remained in their randomized groups, for a retention rate of 80.0%.
Participants were on average 56.5 years old (range: 32.4 to 71.7 years) and 7.0 years post-stroke (range:
0.8 years to 20.3 years). A subset of participants (35%) had previous experience with mindfulness, but
they all considered themselves novice and none practiced mindfulness regularly prior to this study.
Participants were confident (mean score of 8.2/10) in their ability to apply the mindfulness strategies in
their daily lives. Participants’ key expectations included enhanced memory, self-awareness and
communication skills, decreased stress, and overall improved quality of life. At baseline, participants
from both groups did not differ in their scores for the SSQoL, the HADS Anxiety Scale, the PPS and the
SISQ. However, participants in the waitlist group had higher HADS depression scores at baseline
(waitlist: 8.22, mindfulness: 6.27; p < 0.05).

Insert Table 1 around here
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Table 1
Participant characteristics

  Mindfulness
group (n = 11)

Waitlist
control group
(n = 9)

Baseline group
comparison (p-
value)

Variable Mean ± SD or N
(%)

Mean ± SD or
N (%)

 

Age 56.5 ± 10.6 58.4 ± 9.3 0.912

Gender (women) 8 (72.7%) 3 (33.3%) 0.398

Ethnicity (Hispanic) 2 (18.2%) 4 (44.4%) 0.288

Race     0.288

White or Caucasian 1 (9.1%) 5 (55.6%)  

More than one Race 3 (27.3%) 3 (33.3%)  

Asian 4 (36.4%) 0 (0.0%)  

Black or African American 2 (18.1%) 0 (0.0%)  

Native Hawaiian or Pacific Islander 0 (0.0%) 1 (11.1%)  

Duration Since Stroke Onset (years) 6.4 ± 4.1 7.8 ± 6.1 0.813

Type of Stroke (ischemic) 8 (72.7%) 5 (55.6%) 0.681

Affected Hemisphere (Left) 5 (45.5%) 5 (55.6%) 1.000

Living situation (alone) 3 (27.3%) 4 (44.4%) 0.288

Mini Montreal Cognitive
Assessment – telephone version
(median and IQR, /15)

13 (12–14) 13 (12–14) 0.787

3.2 Treatment effect on anxiety, depression, sleep, quality
of life and stress
Table 2 shows the nparLD ANOVA that assessed the RTE between the two groups based on the
difference in number and timing of assessments. Collapsing across groups, time points differed
significantly for anxiety (p = 0.001). The change score across time did not vary significantly in anxiety as
a function of having one versus two baseline assessments (p = 0.29; Fig. 3 displays the individual and
average scores for both groups). These results indicate that anxiety scores changed similarly in both
groups following the mindfulness intervention. Depression, quality of life and perceived stress did
change over time for both groups. For sleep, the group by time interaction was significant (p = 0.61),
suggesting that the sleep quality of participants in the mindfulness intervention improved compared to
those in the waitlist group.
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Table 2
Treatment effect

  F(1,∞) p

Anxiety

Group 1.94 0.16

Time 10.48 0.001

Group:Time 1.11 0.29

Depression

Group 3.97 < .05

Time 2.17 0.14

Group:Time 1.09 0.30

Sleep

Group 0.14 0.71

Time 0.26 0.61

Group:Time 4.98 0.03

Quality of life

Group 3.34 0.07

Time 2.27 0.13

Group:Time 0.23 0.63

Stress

Group 1.84 0.18

Time 2.51 0.11

Group:Time 0.97 0.32

Insert Table 2 around here

3.3. Timing effects on anxiety, depression, sleep, quality of
life and stress
Hypothesis

a addresses a methodological artifact in our study by comparing the time points immediately before and
after the intervention for both groups (see Table 3). Collapsing across time points, there was no
difference between groups in change scores for anxiety, depression, sleep, quality of life and stress.
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When collapsing across groups, however, time points differed significantly in change scores for anxiety,
sleep, quality of life and stress, but not for depression. The magnitude of change over time in anxiety,
sleep, quality of life, and stress scores did not differ significantly between groups.

Table 3
Timing effect

  F(1,∞) p

Anxiety

Group 1.94 0.16

Time 10.48 0.001

Group:Time 1.11 0.29

Depression

Group 2.03 0.15

Time 2.51 0.11

Group:Time 0.16 0.69

Sleep

Group 0.39 0.53

Time 4.88 0.03

Group:Time 0.22 0.64

Quality of life

Group 0.65 0.42

Time 4.60 0.03

Group:Time 0.08 0.78

Stress

Group 0.68 0.41

Time 9.10 0.002

Group:Time 0.09 0.76

Insert Table 3 around here

3.4. Persistent effects
For anxiety, paired comparisons differed significantly after the mindfulness intervention (p = 0.004, r = 
0.87) and at the one-month follow-up (p = 0.034, r = 0.64). There was a large reduction in anxiety
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following the mindfulness intervention and a further moderate to large decrease in anxiety one-month
later. For quality of life and stress, paired comparisons differed significantly or were marginally
significant after the mindfulness intervention (quality of life: p = 0.053, r = -0.58, stress: p = 0.014, r =
-0.71), but not at one-month post-intervention (p = 0.061, r = -0.52 and p = 0.494, r = -0.21, respectively).
This finding suggests that improvements in quality of life and stress were maintained one month after
the intervention. For depression and sleep quality, paired comparisons did not differ significantly after
the mindfulness intervention or the follow-up assessment.

Insert Table 4 around here
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Table 4
Persistent effects analyses

Variable,

Time points

Statistic p Cohen’s d Rank biserial

Anxiety

T1 vs T2

Student’s t 3.92 0.001 0.95  

Wilcoxon W 98.00 0.004   0.87

Anxiety

T2 vs T3

Student’s t 2.47 0.025 0.60  

Wilcoxon W 86.00 0.034   0.64

Depression

T1 vs T2

Student’s t 1.22 0.239 0.30  

Wilcoxon W 52.00 0.315   0.33

Depression

T2 vs T3

Student’s t 1.52 0.149 0.37  

Wilcoxon W 100.00 0.096   0.47

Sleep

T1 vs T2

Student’s t -1.99 0.064 -0.48  

Wilcoxon W 7.00 0.073   0.69

Sleep

T2 vs T3

Student’s t -1.36 0.194 -0.33  

Wilcoxon W 17.00 0.300   -0.38

Quality of life

T1 vs T2

Student’s t -2.22 0.041 -0.54  

Wilcoxon W 25.50 0.053   -0.58

Quality of life

T2 vs T3

Student’s t -1.15 0.265 -0.28  

Wilcoxon W 36.50 0.061   -0.52

Stress

T1 vs T2

Student’s t 2.58 0.020 0.63  

Wilcoxon W 116.00 0.014   0.71

Stress

T2 vs T3

Student’s t -0.95 0.358 -0.23  

Wilcoxon W 47.50 0.494   -0.21

Legend: Degrees of freedom for all statistics: numerator = 16.0, denominator=∞. T0 = pre-waiting
period assessment, T1 = pre-intervention/post-waiting period assessment, T2 = post-intervention.

3.5. Adverse events, adherence and participants’ feedback
Two unrelated adverse events occurred during the study. One participant had aches and pain due to
polymyalgia rheumatica and another had high hypertension, with consequent changes to his medication.
On average, participants completed 18.5 days (standard deviation: 6.2) of exercises out of 21 total days
and 80.0% of participants who started the intervention completed the program daily. Participants in both
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groups expressed general enjoyment with the intervention. They appreciated the option to read or listen
to the content of the intervention, but many experienced challenges to navigate the online platform.
Multiple participants reported they incorporated the mindfulness intervention in their daily routine to
maintain adherence.

4. Discussion
This pilot study aimed to preliminarily investigate the effect of a three-week online mindfulness
intervention compared to a waitlist control on quality of life and psychological well-being for chronic
stroke survivors. Sleep quality significantly improved post-intervention for participants assigned to the
mindfulness group compared to the waitlist group. However, contrary to our hypotheses, changes in
anxiety, depression, quality of life, or stress did not differ in either group. Nevertheless, immediately post-
intervention, the mindfulness intervention showed a moderate to large effect size in reducing anxiety,
quality of life and stress, with changes being maintained one-month post-intervention. This pilot study
confirmed that study procedures and the mindfulness intervention were safe and well tolerated by
participants. Adherence to the program was excellent. While participants were instructed to complete a
minimum of five days of exercises per week, 80.0% of participants completed the exercises every day.
These findings will provide the foundations for a larger, statistically powered randomized control trial.

The lack of significant group differences for most outcomes may be attributed to the size of our sample.
The baseline difference in depression between groups may also have been a potential factor. This pilot
study was not powered adequately to detect group difference, but was designed to provide useful
information on the operationalization of all the elements of a randomized control trial (Tickle-Degnen,
2013). We observed a significant improvement in sleep quality and a moderate to large effect size on
three key outcomes, which suggest that mindfulness may decrease anxiety and stress and improve
sleep quality and stroke-related quality of life. Further investigation of the effect of mindfulness on
anxiety, stress and quality of life is warranted. Previous work has shown that mindfulness-based
interventions can improve some aspects of stroke-specific quality of life (Moustgaard et al., 2007; Wang
et al., 2020; Wathugala et al., 2019), and decrease stress (Joo et al., 2010; Wang et al., 2020) and anxiety
(Joo et al., 2010; Moustgaard et al., 2007). However, important differences between studies (e.g.,
designs, type of mindfulness, delivery format) limit between-study comparisons (Lawrence et al., 2013).
The impact of mindfulness on sleep quality remains to be tested in a larger sample, ideally using
actigraphy to record the impact of mindfulness on sleep duration instead of a subjective measure of
sleep quality, which may be subject to recall bias (Harvey & Tang, 2012). Our findings may help guide the
selection of a primary outcome measure and estimate sample size for a larger planned randomized
control trial.

The mindfulness intervention was offered entirely remotely, in an asynchronous mode. The minimal
therapist involvement and the ability to reach participants that may not be able to travel to the clinical
site has potential to greatly facilitate the scalability of such an intervention. The retention rate post-
intervention and at follow-up was 80.0% and of this number, 20.0% did not complete the exercises daily.
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The use of multiple strategies to maximize adherence (i.e., tutorial on how to access the platform,
frequent follow-up, dedicated study personnel to answer questions) may have contributed to this high
adherence rate. The ability for participants to access the platform and perform the mindfulness
exercises when needed offered flexibility over a closed group format. The intervention was also aligned
with a self-management approach to stroke care, empowering stroke survivors to take an active role in
managing their health and recovery and enhancing the individual’s ability to cope with the physical,
emotional, and cognitive challenges that arise after a stroke (Jones & Riazi, 2011; Lennon et al., 2013).

Despite changes made to the online platform used to host this intervention following our feasibility study
(Demers et al., 2022), usability challenges to navigate the online platform remained. We used a
continuing education platform designed for higher-level education. This platform may not be suited for
stroke survivors with low computer literacy or associated language and cognitive impairments. A simple,
user-friendly online platform tailored to the needs of stroke survivors could facilitate remote
participation and should be considered in future studies.

This study is not without limitations. While our study included a diverse sample of stroke survivors
(gender, race and ethnicity), our participants were younger than the average age of stroke survivors in the
US (Tsao et al., 2022) and had no to mild cognitive impairments, limiting the generalizability of our
results to the entire stroke population. Moreover, the assessor was not blind to group allocation, as this
person was also in charge of monitoring adherence and resolving technical issues. The use of online
self-reported surveys and a person blinded to group allocation for data analysis may have helped reduce
this potential bias.

5. Conclusion
The study provided support for a large, appropriately powered, planned randomized control trial, as the
study procedures were well accepted by participants, the retention rates were high, and no severe
adverse events occurred. A remote and asynchronous intervention offered multiple benefits for the
scalability of the intervention, if deemed effective. Future work is needed to conclude on the
effectiveness of Langerian mindfulness on psychological well-being and to understand how mindfulness
interventions affect stroke survivors.
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Figure 1

Assessment timeline

Design of the two-arm randomized controlled trial. T0 = pre-waiting period assessment, T1 = pre-
intervention/post-waiting period assessment, T2 = post-intervention, T3 = 1-month post-intervention
assessment.
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Figure 2

Flow diagram
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Figure 3

Effect of the mindfulness intervention on the quality of life, depression, anxiety, stress and sleep
quality

Individual and mean scores for each of the outcome measures at each time point for participants in the
mindfulness group (top panels) and the waitlist group (bottom panels). Thicker lines are mean scores
with standard error. Thin pale lines are individual scores. The grey area indicates the wait list period. The
* indicates a significant time by group interaction (significance level p>0.05).
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