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Research Article

Introduction

Anxiety and depression are prevalent from the time of a 
cancer diagnosis, throughout treatment, and into survivor-
ship. With a prevalence of up to 54% for anxiety (or 
worry) and 39% for depression (or sadness), the National 
Cancer Institute Symptom Management and Quality of 
Life Steering Committee considers these 2 of the 12 core 
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Abstract
Background: We explored the use of a novel smart phone-based application (APP) for delivery and monitoring of 
meditation to treat mood symptoms experienced by cancer patients. Methods: We assessed the feasibility of using a 
meditation delivery and tracking APP over 2-weeks and its impact on cancer patients’ self-reported anxiety and depression. 
Outpatients reporting depression and/or anxiety were recruited and randomized to the APP or waitlist control group. 
Assessments included an expectancy scale, exit survey, mood rating before and after each meditation, and the Edmonton 
Symptom Assessment Scale (ESAS-FS), Hospital Anxiety and Depression Scale (HADS), and Pittsburgh Sleep Quality Index 
(PSQI) at baseline and after 2-weeks. The primary aim was to assess feasibility; secondary aims included satisfaction with 
the APP, association between meditation frequency and length with self-reported symptoms, and change in symptom 
measures (symptoms, anxiety, depression, and sleep). Results: Our study included 35 participants (17 meditation group; 
18 controls) who were primarily female (94%) with breast cancer (60%). The 61% enrollment rate and 71% adherence 
rate met pre-specified feasibility criteria. Most meditation group participants described the APP as “Useful” to “Very 
Useful” and would “Probably” or “Definitely” recommend its use. Mixed model analysis revealed a statistically significant 
association between meditation length (5, 10, or 15 minutes) and change in anxiety, with 15-minute sessions associated 
with greater reductions in anxiety. In the exit survey, more meditation group vs. control group participants reported 
improved focus, mood, and sleep. Study groups differed significantly by ESAS fatigue score change; the meditation group 
decreased a median of 1.5 pts (IQR 2.5) and the control group increased a median of 0.5 points (IQR 2). The meditation 
group, but not the control group, experienced statistically significant improvement in ESAS fatigue, depression, anxiety, 
appetite, and physical, psychological, and global distress. Change in PSQI and HADS anxiety and depression scores did not 
reveal any statistically significant between-group differences. Conclusions: This pilot study demonstrated the feasibility 
and acceptability of a meditation APP for cancer patients. Meditation APP users reported improvement in several measures 
of symptom distress. Future studies should explore ways to enhance the APP’s usability and clinical benefit.
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symptoms for which better management strategies are 
needed.1 Challenges associated with use of medications for 
mood management include undesirable side effects, such as 
drowsiness, loss of appetite, insomnia, agitation, and more. 
Some anxiolytic medications also have a potential for 
abuse. Self- administered, non-pharmaceutical approaches 
to help patients improve mood symptoms such as anxiety 
and depression are lacking and poorly understood and is an 
area in need of well-designed clinical trials.

Meditation is a mind-body technique that uses breath, and/
or sound, and/or visualizations, and extensive research has 
revealed reductions in distress and improved health and qual-
ity of life.2,3 Mindfulness based therapies have shown prom-
ise in providing relief for anxiety and other mood symptoms.4 
Mindfulness Based Stress Reduction (MBSR) programs can 
reduce mood disturbance and stress symptoms, including 
tension-anxiety, in the cancer patient population.5 A chal-
lenge with MBSR-type programs is their time intensiveness, 
which can include weekly sessions for up to 8-weeks in 
addition to prescribed “homework.” Prior pilot research 
examining the “pain, fatigue, and sleep” symptom cluster in 
cancer patients has shown that behavioral interventions such 
as relaxation, guided imagery and distraction exercises 
delivered via a mp3 player over a 2-week period were fea-
sible and showed initial signs of efficacy.6,7 In a study by 
Wahbeh et al,8 a custom software application was developed 
to monitor objective adherence to mind-body interventions 
in combat veterans. They concluded that such electronic sys-
tems can be useful to mind-body researchers looking to effec-
tively deliver meditation remotely and examine home practice 
adherence in future clinical trials.

Our own research supports the use of meditation for 
reducing anxiety and improving quality of life.9-11 As part of 
MD Anderson’s Integrative Medicine Center clinical ser-
vices, we offer one-on-one meditation consultations and 
meditation group classes to cancer patients and their care-
givers. All patients receiving an individual meditation con-
sultation are asked to complete the Edmonton Symptom 
Assessment Scale (ESAS) before and after their visit, and 
overall, patients have reported clinically significant 
improvements in anxiety, fatigue, sleep, and depression 
symptoms after meditation sessions.9

Prior research on the benefits of meditation combined 
with our own clinical experience suggests that novel, non-
pharmaceutical strategies, such as meditation, could prove 
beneficial for improving mood in cancer patients. To date, 
there is no information on the ideal frequency and dosing of 
meditation as a bio-behavioral strategy to help improve 
mood symptoms. Effectively delivering and tracking medi-
tation use is critical to the success of measuring the impact 
of meditation on mood symptoms. According to the litera-
ture on development of health behavior change applications 
for smart devices, users are looking for programs that are 

reliable, easy to use, require little effort, and are able to sup-
port delivery, monitoring, tracking, and reviewing of behav-
ior.12 As part of our pilot study, we developed a meditation 
delivery and tracking program in the form of a portable, 
computer-based application (APP) to track the patient’s fre-
quency and length of meditation practice and to assess fea-
sibility, acceptability/patient compliance, and effect size 
estimates to inform future research in this area.

Materials and Methods

Study Design

We assessed the impact of meditation using a portable, 
computer-based meditation delivery and tracking program 
(APP) over a 2-week period on cancer patients’ self-reported 
anxiety, depression, and other symptoms (ClinicalTrials.
gov identifier: NCT02988271). Study goals included: (1) 
determining the feasibility of conducting the proposed 
study and prospect for a larger trial (primary aim); and sec-
ondary outcomes of (2) assessing changes in self-reported 
anxiety, depression, and other symptoms, (3) evaluation of 
participant satisfaction with a meditation delivery and 
tracking program, and (4) examining the association 
between the frequency and length of practice and patient 
self-reported outcomes. The study was approved by the MD 
Anderson Cancer Center, Internal Review Board (ID# 
2016-0491). Recruitment for this 2-week intervention took 
place between 4/25/2019 and 8/30/2019.

Participants

Study participants were identified by physicians in the 
Integrative Medicine Center, Supportive Care Center, and 
other clinical centers at the MD Anderson Cancer Center. 
Patients were included if they met the following criteria: 
cancer survivors age ≥18 years (patients in active treatment 
or who have completed treatment); could understand and 
read English, sign a written informed consent, and follow 
protocol requirements; and had a self-reported ESAS psy-
chological scale score (sum of anxiety and depression 
scores) ≥4 and <11 and/or individual anxiety or depression 
score ≥4 and <8 on a 0 to 10 numeric scale. If patients 
were on medication for anxiety or depression, they needed 
to be on a stable dose for at least 6 weeks prior to enrollment 
with no plans to change medications in the subsequent 
4 weeks. Increases or decreases were allowed within drug 
class, but no changes in drug class were permitted. Patients 
were excluded if they had a diagnosis of a formal thought 
disorder (eg, schizophrenia) or known history of a neuro-
logical and/or psychological disorder that in the physician’s 
opinion could interfere with the patient’s ability to cooper-
ate with study procedures.
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Procedures

Targeted recruitment was 30 participants; we expected a 
20% drop out for a final enrollment of 24. A research coor-
dinator was responsible for enrollment, randomization, and 
administration of assessments (in-person on paper or via 
computer using REDCap). Participants were recruited 
based on their responses to the ESAS questionnaire com-
pleted as part of the standard of care prior to each clinical 
encounter. Patients who consented to participate in the 
study completed baseline data collection. After a patient 
was enrolled and completed baseline assessments, the 
research coordinator used a random number generator to 
assign the first participant to either the meditation group or 
a waitlist control group with subsequent patients being ran-
domized using a form of adaptive randomization to reduce 
imbalances between groups. We used minimization, which 
is a dynamic randomization algorithm, based on age, base-
line anxiety and/or depression, sex, time since end of treat-
ment (greater than 6 months, less than 6 months), with an 
allocation probability of 1.0.13 The research coordinator 
was unblinded to group assignment. The waitlist control 
group completed all questionnaires at similar time intervals 
as the meditation group.

Intervention

Participants in the meditation group listened to a recorded 
audio track introducing the practice of meditation and were 
encouraged to meditate at least once daily. A software appli-
cation to track and deliver meditation was specially devel-
oped for this study in compliance with institutional and 
patient privacy concerns. The application was pre-installed 
on an iPod touch for study participants to use during the 
study period. Participants had access to the APP to self-
administer a 5-, 10-, or 15-minute audio recording of a med-
itation session depending on their preference. See Figure 1 
for meditation APP program functionality. The meditations 
directed participants to align their body posture, breathe 

deeper, focus their mind’s attention, and connect to inner 
qualities like loving-kindness, compassion, joy, equanimity, 
and peace of mind. Meditation content was developed by 
Dr. Alejandro Chaoul who has been conducting mind-body 
research for more than 20 years and has trained with Tibetan 
lamas since 1989.

Assessment Measures

At enrollment, participants completed an expectancy ques-
tionnaire and other patient-reported outcomes; listened to 
an audio track introducing them to meditation as a practice; 
and received instruction on how to use the meditation soft-
ware program. During the 2-week study period, the APP 
tracked participant use of the meditation recordings. The 
APP also prompted participants to rate their mood on a con-
tinuous Likert scale from 0 = “worst mood” to 8 = “best 
mood” before and after each meditation session. At the end 
of the study period, participants were again asked (via 
REDCap) to complete the patient reported outcomes 
(ESAS, HADS, and PSQI) and for those in the meditation 
group an exit survey was completed regarding their satis-
faction with the APP, the meditation practice, and percep-
tions of benefit. Data collected by the meditation tracking 
program was uploaded to a secured database for analysis.

Questionnaires

The baseline expectancy questionnaire and satisfaction 
with the APP, the meditation practice, and perceptions of 
benefit were adapted from measures previously used by 
our research group for study purposes.14 The expectancy 
questionnaire, completed at baseline by all participants, 
asked 5 questions on a 5-point scale from strongly disagree 
(0) to strongly agree (5) about the degree to which they 
thought meditation would help with: well-being, focus 
mood, energy, and sleep. The satisfaction questionnaire 
asked 10 questions related to using the APP, recommend-
ing the APP to others, and continuing practice. Participants 

Unique study ID unlocks program for participant use
Allows selection of meditation recording (5 min, 10 min, or 15 min)
Tracks frequency of meditation practice (number of times per day)
Tracks length of meditation practice (actual time listening to meditation recording)
Records day of week/time of day of meditation practice
Administers pre/post meditation mood scale (no anxiety to worst anxiety)
Allows participants to set daily meditation reminders
De-identified data uploaded to secure remote server either: (1) automatically
throughout study period if patient has internet connection and/or (2) end of
study period if device not connected to internet during study period.

•
•
•
•
•
•
•
•

Figure 1. Meditation application program functionality.
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were also asked about their perceived benefit from the 
meditation using the same questions from the expectancy 
questionnaire.

The Edmonton Symptom Assessment Scale - Financial 
Spiritual (ESAS-FS) includes 10 core symptoms (pain, 
fatigue, nausea, depression, anxiety, drowsiness, appetite, 
well-being, shortness of breath, and sleep) and additional 
items of spiritual pain and financial distress rated on a 
numerical scale of 0 to 10 (10 = worst possible expression of 
that symptom).15 ESAS subscale scores included global dis-
tress (GDS, 0-90), physical distress (PHS, 0-60), and psy-
chological distress (PSS, 0-20). The GDS is the sum of 
pain, fatigue, nausea, drowsiness, appetite, shortness of 
breath, anxiety, depression, and well-being scores. The PHS 
is a sum of pain, fatigue, nausea, drowsiness, appetite, and 
shortness of breath. The PSS is a sum of anxiety and depres-
sion. We defined a clinically significant change for a symp-
tom as a change of ≥1 point on an individual symptom item 
score.16 A clinically significant change for a subscale score 
was defined as a change of ≥3 points for the GDS, ≥3 
points for the PHS, and ≥2 points for the PSS.17 The 
Hospital Anxiety and Depression Scale (HADS) is a 14-item 
scale specifically developed for use with medically ill 
patients and focuses on cognitive symptoms. HADS scores 
range from 0 to 21 for anxiety or depression, with higher 
scores indicating worse symptoms and a score of ≥8 con-
sidered clinically significant anxiety or depression.18 The 
Pittsburgh Sleep Quality Index (PSQI) is an 18-item self-
rated questionnaire that assesses sleep quality and sleep dis-
turbances over 1 month. Scores range from 0 to 21, with 
higher scores signifying worse sleep quality and scores ≥5 
considered clinically significant sleep disturbance.19

Statistical Analyses

To assess feasibility and acceptability, we calculated fre-
quencies and rates with 95% confidence intervals (CIs) for 
the accrual rate among patients approached for study par-
ticipation and the adherence rate in the meditation group. 
We defined adherence as practicing at least 2 meditation 
sessions for each of the 2 study weeks. Demographics, clin-
ical characteristics, baseline expectations, intervention sat-
isfaction (meditation group only), and the exit survey were 
described overall and by study arm using frequencies and 
proportions. We compared baseline group differences using 
Fisher’s exact test.

We reported medians and interquartile ranges when 
score distributions departed significantly from a normal dis-
tribution. For normally distributed scores and score 
changes, we reported frequencies, means, standard devia-
tions, and 95% CIs. For normally distributed change scores, 
we reported effect sizes as Cohen’s d, with verbal inter-
pretations based on Cohen’s guidelines.20 For change score 
distributions that departed significantly from a normal distri-
bution, we presented the effect size as epsilon-squared (ε2) 

and interpreted effect size using the guidelines proposed by 
Rea and Parker.21

This pilot study focused on feasibility and acceptability. 
However, as an exploratory analysis, we used statistical 
testing to further examine between-group differences and 
within-group changes. For normally distributed changes, 
within-group change was tested using the paired t-test, and 
between-group differences were tested using the indepen-
dent samples t-test. For non-normally distributed change 
scores, we used the Wilcoxon signed-rank test to evaluate 
pre- to post-intervention changes and the Wilcoxon rank-
sum test to assess between-group differences in changes. To 
account for participants who may have selected a medita-
tion yet did not complete it, we included in the analysis only 
those meditation sessions that were at least within 1 minute 
of the total session length (eg, ≥4 minutes of a 5-minute 
session). To explore the effect of the meditation length and 
meditation time of day on change in pre- to post-session 
anxiety, we used a linear mixed effect model (SAS PROC 
MIXED) with repeated and random effects to account for 
within-subject and between-subject variability. The model 
outcome was anxiety change and covariates included the 
pre-session anxiety rating, meditation session length (short, 
medium, long), meditation time of day (early morning, late 
morning, afternoon, evening), and session number (sequen-
tial number 1-33) as fixed effects, allowing for a random 
intercept by subject. Based on the Akaike Information 
Criterion (AIC), we selected an autoregressive (AR(1)) 
covariance structure to model the within-subject serial cor-
relation and compound symmetry covariance structure (cor-
responding to random intercepts) to model the variation 
between subjects. Model parameters were calculated using 
the restricted maximum likelihood method. We also reran 
these same analyses adjusted for the number of meditation 
sessions in which each patient was engaged and the results 
remained similar. Statistical test results for this pilot study 
were not adjusted for multiple comparisons. P-values < .05 
were considered statistically significant, and all analyses 
were conducted in SAS 9.4 (Cary, NC, USA).

Results

Demographics, Recruitment Rate, Adherence

Two hundred fifteen patients were screened for study eligi-
bility; 86 patients met eligibility criteria of which 57 were 
referred to the study by their physicians; 22 declined par-
ticipation and 35 were consented. The majority of patients 
screened (90%, n = 191) were recruited from the Integrative 
Medicine Center. Our recruitment rate of 35/57 [61.4% 
(95% CI: 47.6%, 74.0%)] included 17 participants random-
ized to the meditation group and 18 randomized to the wait-
list group (Figure 2). The majority of participants were 
women (94%), had a diagnosis of breast cancer (60%), 
were married (79%), and had a college education (65%) 
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(Table 1). There were no significant group differences in 
medical, demographic, or questionnaire data at baseline. At 
baseline, 13 (76%) in the meditation group and 14 (78%) in 
the control group reported clinically significant psychologi-
cal distress (PSS ESAS scores ≥4). A clinically relevant 
baseline score (each ≥8) for HADS anxiety and depres-
sion, respectively, was reported for 8 (47%) and 10 (59%) 
in the meditation group and 9 (50%) and 12 (67%) in the 
control group. In the meditation group, 12/17 [70.6% 
(95% CI: 44.0%, 89.7%)] adhered to the recommended 2 
meditation sessions per week during the 2-week study 
period. Adherence status was not significantly associated 
with baseline demographic and clinical characteristics.

Expectancy, Satisfaction

At baseline, there were no significant group differences in 
expectancy regarding study participation. At the study exit 

assessment, a higher proportion of participants in the medi-
tation versus control group reported that they “Strongly 
Agree” or “Agree” that they felt improved well-being 
(50.0% vs 8.3%, P = .039), focus (56.3% vs 0%, P = .003), 
mood (68.8% vs 0%, P = .0003), energy (31.3% vs 0%, 
P = .053), and sleep (50.0% vs 0%, P = .008).

At the end of the study, 16 of the 17 meditation group 
participants completed a meditation APP satisfaction ques-
tionnaire. A high proportion reported “Strongly Agree” or 
“Agree” to having received adequate instruction on the use 
of the APP (87.5%) and handheld device (87.5%) and indi-
cated that the APP was “Useful” to “Very Useful” (93.8%) 
and that they were “Probably” or “Definitely” likely to rec-
ommend the APP to a friend (70.0%). Most participants 
(81.3%) stated they “Probably” or “Definitely” plan to con-
tinue meditating after the study period and that they 
“Strongly Agree” or “Agree” that they would use the medi-
tation APP to continue their home-based practice (68.8%).

215 Patients 
Screened for 

Eligibility

129
Patients 
Ineligible

86 Patients 
Eligible

57 Patients 
Approached

22
Patients 
Declined

35 Patients 
Consented

Meditation 
Intervention 

Group

Waitlist 
Control 
Group

17 Patients 18 Patients

15-16 
Patients+

11-14 
Patients+

*

Figure 2. Outpatient meditation study consort diagram.
*All patients approached and randomized are considered evaluable for protocol primary objective.
+Patients evaluable for protocol secondary objectives: number of patients with pre/post data for symptoms, depression, anxiety, and sleep.



6 Integrative Cancer Therapies 

Meditation Application Use (as Tracked by  
the APP)

Total number of sessions and meditation minutes. Not all med-
itation sessions started were completed. The 17 participants 

in the meditation group completed 0 to 33 meditation ses-
sions (Median = 7, IQR = 10, Q1 = 3, Q3 = 13) during the 
2-week intervention, totaling from 0 to 370 minutes of 
meditation per person. Median time spent meditating with 
the application was 91 minutes with the middle half of 

Table 1. Summary of Demographic and Clinical Characteristics.

Characteristic
Total 

(n = 35) (%)

Randomization group

Meditation (%) Waitlist (%)

Sex Female 33 (94.3) 16 (94.1) 17 (94.4)
Male 2 (5.7) 1 (5.9) 1 (5.6)

Race Asian 1 (3.0) 1 (6.7) 0 (0)
Black 6 (18.2) 3 (20) 3 (16.7)
Hispanic 6 (18.2) 2 (13.3) 4 (22.2)
Other 1 (3.0) 1 (6.7) 0 (0)
White 19 (57.6) 8 (53.3) 11 (61.1)

Cancer 
Category

Breast 21 (60.0) 10 (58.8) 11 (61.1)
Gastrointestinal 4 (11.4) 4 (23.5) 0 (0)
Genitourinary 2 (5.7) 1 (5.9) 1 (5.6)
Gynecologic 2 (5.7) 0 (0) 2 (11.1)
Head and neck 1 (2.9) 0 (0) 1 (5.6)
Lung 1 (2.9) 0 (0) 1 (5.6)
Sarcoma 2 (5.7) 1 (5.9) 1 (5.6)
Thoracic head and neck 2 (5.7) 1 (5.9) 1 (5.6)

Employment 
status

No 9 (26.4) 5 (31.3) 4 (22.2)
Retired 12 (35.3) 5 (31.3) 7 (38.9)
Yes, full-time 7 (20.6) 3 (18.8) 4 (22.2)
Yes, part-time 2 (5.9) 2 (12.5) 0 (0)
Yes, taking time off work for treatment. 4 (11.8) 1 (6.3) 3 (16.7)

Marital status Divorced 1 (3.0) 1 (6.3) 0 (0)
Married 26 (78.8) 14 (87.5) 12 (70.6)
Never married and not now living with a partner 2 (6.1) 1 (6.3) 1 (5.9)
Widowed 4 (12.1) 0 (0) 4 (23.5)

Highest level 
of education

Other 2 (5.8) 0 (0) 2 (11.2)
High school/GED 3 (8.8) 2 (12.5) 1 (5.6)
College graduate (4-year degree) 8 (23.5) 4 (25) 4 (22.2)
Graduate or professional degree 14 (41.2) 6 (37.5) 8 (44.4)

Annual income Less than $30 000 4 (12.9) 2 (14.2) 2 (11.8)
$30 001-$50 000 4 (12.9) 1 (7.1) 3 (17.6)
$50 001-$75 000 5 (16.1) 3 (21.4) 2 (11.8)
$75 001-$100 000 6 (19.4) 5 (35.7) 1 (5.9)
Greater than $100 000 12 (38.7) 3 (21.4) 9 (52.9)

Religious 
preference

Protestant 12 (37.6) 5 (33.3) 7 (41.1)
Catholic 7 (21.9) 4 (26.7) 3 (17.6)
Hindu 2 (6.3) 2 (13.3) 0 (0)
Jewish 2 (6.3) 1 (6.7) 1 (5.9)
None 5 (15.6) 2 (13.3) 3 (17.6)
Other 4 (12.5) 1 (6.7) 3 (17.6)

ε2 = Epsilon-squared effect size: 0.01 to <0.04, Weak; 0.04 to <0.16, Moderate; 0.16 to <0.36, Relatively Strong; 0.36 < 0.64, Strong.
d = Cohen’s d effect size: 0.20, small; 0.50, medium; 0.80, large.
Abbreviation: CI = confidence interval.
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participants spending from half an hour to 2 hours using the 
meditation application over the 2 weeks (IQR = 97, Q1 = 34, 
Q3 = 131).

Pre- and Post-session Anxiety Ratings

Fourteen meditation group participants rated pre- and post-
session anxiety from 0 (low anxiety) to 8 (high anxiety) for 
1 to 26 meditation sessions per participant, resulting in a 
total of 100 pairs of anxiety ratings. We detected no signifi-
cant interaction between baseline anxiety and choice of ses-
sion length. Type 3 tests of fixed effects indicated that both 
pre-session anxiety (F1, 83 = 79.01, P < .0001) and session 
length (F2, 83 = 3.46, P < .0361) had a statistically significant 
effect on the pre- to post-session change in anxiety rating. 
The long session showed a greater effect on anxiety change 
than did the medium or short sessions (Table 2). Medium 
and short sessions did not produce a statistically significant 
difference in their effect on anxiety change. The results 
remained similar when the model controlled for the total 
number of sessions in which each patient was engaged, a 
potential surrogate of the individual mean efficacy of the 
meditation, due to the self-chosen nature of the number of 
sessions (see the footnote Table 2). Controlling for baseline 
anxiety, the least squares means change in anxiety for the 
long sessions was −1.57 points (95% CI −2.45, −0.69) com-
pared to −0.95 (95% CI-1.86, −0.05) for the medium length 
sessions and −1.07 (−1.95, −0.20) for the short sessions. 
Using this same method, we observed no significant asso-
ciation between anxiety score change and time of day medi-
tating (12 am-6 am, 6 am-12 pm, 12 pm-6 pm, 6 pm-12 am).

ESAS

Between-group differences. Between-group differences in 
the change in ESAS composite subscale scores did not 
reach statistical significance but represented medium effect 
size point estimates (physical distress d = −0.33, 95% CI 
−0.97, 0.32; psychological distress d = −0.33, 95% CI 
−1.14, 0.48; and global distress d = −0.36, 95% CI −1.12, 

0.40) (Table 3). Unlike subscale scores, individual ESAS 
item scores departed significantly from a normal distribu-
tion and were evaluated using nonparametric measures. 
Between-group analyses revealed change in fatigue as the 
only item that reached statistical significance. The median 
fatigue score decreased 1.5 points (IQR 2.5) in the medita-
tion group and increased 0.5 points (IQR 2.0) in the control 
group, P = .016. This between group difference in fatigue 
score change represents a relatively large effect size point 
estimate (ε2 = 0.19; 95% CI 0.02, 0.45). For other individual 
ESAS items, effect size point estimates for between-group 
differences ranged from moderate (pain, depression, and 
spiritual pain) to weak (anxiety, appetite, sleep, and finan-
cial distress) to negligible (nausea, drowsiness, shortness of 
breath, and feelings of well-being) (Table 3).

Within-Group Changes

For all 3 ESAS subscales, pre- to post-intervention change 
scores demonstrated statistically and clinically significant 
improvement (ie, decreased score) within the meditation 
group (physical distress: Mean −4.94, SD 7.40, P = .018; 
psychological distress: Mean −3.06, SD 4.28, P = .012; 
global distress: Mean −8.69, SD 11.73, P = .010). Within the 
meditation group, effect size point estimates for all sub-
scales were large. Within the control group, no statistically 
significant baseline to follow-up change for the any of the 
ESAS subscale scores was evident. However, on average, 
ESAS subscale scores for the control group demonstrated a 
clinically meaningful improvement from baseline for the 
psychological distress (Mean −2.07, SD 4.48) and global 
distress subscales (Mean −3.14, SD 12.75) but not the phys-
ical distress subscale (Mean −0.43, SD 8.55). Control group 
effect size point estimates for the within-group change in 
subscale scores ranged from small (physical distress) to 
medium (psychological distress and global distress).

For individual ESAS items, within-group change showed 
statistically significant and clinically relevant improve-
ments in the meditation group for fatigue (Median −1.5, 
IQR 2.5, P = .013), depression (Median −1.5, IQR 2.5, 

Table 2. Linear Mixed Model Estimates of Fixed Effects to Predict Pre- to Post-Session Change in Anxiety.*.

Effect β SE df t P

β 95% CI

Lower Upper

Intercept 1.03 0.50 13 2.08 .0582 −0.04 2.10
Pre-session anxiety −0.52 0.06 83 −8.89 <.0001 −0.63 −0.40
Session length Long (15 min) −0.49 0.24 83 −2.04 .0446 −0.98 −0.01

Medium (10 min) .12 0.27 83 0.44 .6600 −0.42 0.66
Short (5 min) Reference  

*Results remained similar when the linear mixed model was adjusted for the number of meditation sessions in which each patient was engaged. 
Specifically, the P-value became 0.0412 and 0.7438, respectively, for the effects of long and medium session lengths compared to the short session 
length.
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P = .041), anxiety (Median −2, IQR 4, P = .016), and appe-
tite (Median −1.0, IQR 2.5, P = .031). No statistically signifi-
cant within-group changes were observed in the meditation 
group for pain, nausea, drowsiness, shortness of breath, 
wellbeing, sleep, financial distress, or spiritual pain. For the 
control group, none of the 12 ESAS individual items 
showed a statistically significant within-group change from 
baseline to end of the study, but median decreases in anxiety 
(Median −1.5, IQR 2) and sleep (Median −1, IQR 3) were 
clinically meaningful.

HADS and PSQI

The between-group differences in HADS depression score 
change (−0.69; 95% CI −2.22, 0.84, P = .36) and HADS 
anxiety score change (−1.33, 95% CI −3.46, 0.81, P = .21) 
were not statistically significant (Table 4). Effect sizes for 
the depression score change (d = 0.11, 95% CI −0.32, 0.54;) 
and anxiety score change (d = 0.27; 95% CI −0.36, 0.90,) 
represented small effect size point estimates. Within-group 
changes for both study groups had statistically significant 

Table 3. ESAS Item and Subscale Pre- to Post-Intervention Score Change and Between-Group Effect Sizes.

ESAS item Group n Median IQR

Effect size

ε2 95% CI

Pain Meditation 16 −0.5 2 0.07 (0.00, 0.28)
Control 14 0 2  

Fatigue Meditation 16 −1.5 2.5 0.19 (0.02, 0.45)
Control 14 0.5 2  

Nausea Meditation 16 0 1 0.00 (0.00, 0.16)
Control 14 0 1  

Depression Meditation 16 −1.5 2.5 0.04 (0.00, 0.25)
Control 14 0 3  

Anxiety Meditation 16 −2 4 0.01 (0.00, 0.17)
Control 14 −1.5 2  

Drowsiness Meditation 16 0 4 0.0003 (0.00, 0.03)
Control 14 0 3  

Shortness of breath Meditation 16 0 0 0.0001 (0.00, 0.13)
Control 14 0 2  

Appetite Meditation 16 −1 2.5 0.02 (0.00, 0.24)
Control 14 0 3  

Wellbeing Meditation 16 −0.5 2.5 0.0002 (0.00, 0.13)
Control 14 −0.5 4  

Sleep Meditation 16 −0.5 5 0.01 (0.00, 0.19)
Control 14 −1 3  

Financial distress Meditation 16 0 3 0.01 (0.00, 0.17)
Control 14 −0.5 4  

Spiritual pain Meditation 16 0 1 0.04 (0.00, 0.25)
Control 14 0 2  

ESAS subscale Group n Mean SD

Effect size

d (95% CI)

Physical Distressa 
(PHS)

Meditation 16 −4.94 7.40 −0.33 (−0.97, 0.32)
Control 14 −0.43 8.55  

Psychological  
Distressa (PSS)

Meditation 16 −3.06 4.28 −0.33 (−1.14, 0.48)
Control 14 −2.07 4.48  

Global Distressa 
(GDS)

Meditation 16 −8.69 11.73 −0.36 (−1.12, 0.40)
Control 14 −3.14 12.75  

ε2 = Epsilon-squared effect size: 0.01 to <0.04, Weak; 0.04 to <0.16, Moderate; 0.16 to <0.36, Relatively Strong; 0.36 < 0.64, Strong.
d = Cohen’s d effect size: 0.20, small; 0.50, medium; 0.80, large.
Abbreviation: CI = confidence interval.
aGDS equals sum of pain, fatigue, nausea, depression, anxiety, drowsiness, appetite, well-being, and shortness of breath (total score 0-90); PHS equals 
sum of pain, fatigue, nausea, drowsiness, appetite, and shortness of breath (total 0-60); and PSS equals sum of depression and anxiety. For each 
individual symptom item, a change score ≥1 is considered clinically significant. For the PSS, ≥2 is considered clinically significant, and ≥3 for the PHS 
and GDS.
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decreases in HADS depression scores from baseline to the 
end of the study. In the meditation group, the HADS depres-
sion score decreased by a mean of 1.69 points (95% CI 
−3.10, −0.27, P = .02), representing a medium effect size 
(d = −0.64; 95% CI −1.02, −0.25). In the control group, the 
HADS depression score decreased by a mean of 1.00 point 
(95% CI −1.69, −0.31, P = .008), representing a large 
effect size (d = −0.80, 95% CI −1.15, −0.44). Within-group 
changes in anxiety were non-significant for both meditation 
and control groups; scores decreased from baseline in the 
meditation group, with a medium effect size (differ-
ence = −1.06 points, d = −0.29; 95% CI −0.78, 0.20) and 
increased from baseline in the control group with a small 
effect size (difference = 0.27 points, d = −0.15; 95% CI 
−0.24, 0.54).

For PSQI global scores, we detected no statistically sig-
nificant between-group differences (Mean 0.40; 95% CI 
−2.47, 3.27, P = .78) or within-group differences for the 
meditation group (Mean 0.40; 95% CI −1.79, 2.59; P = .70) 
and control group (Mean 0; 95% CI −0.51, 0.51; P = 1.00). 
Effect size point estimates for both the between group 
change difference and the within-group differences were 
small (Table 4). Overall, sleep quality was poor (PSQI 
global score of 5 or higher) among study participants. In the 
15 meditation group participants with both pre- and post-
intervention PSQI global scores, 12 (80%) at baseline and 
13 (87%) at post-intervention had poor sleep quality. In the 
14 control group participants with pre- and post-interven-
tion PSQI global scores, 13 (93%) of participants at base-
line and all 14 (100%) participants at post-intervention had 
poor sleep quality.

Discussion

Our study explored the use of a meditation APP to help with 
the delivery of a meditation intervention to cancer patients 
experiencing moderate symptoms of depression and/or anx-
iety. The APP was well received by participants and the 
recruitment rate and adherence rate met the a priori feasibil-
ity criteria (50% recruited and 70% of meditation group 
adherent to 2 sessions per week). Satisfaction regarding use 
of the meditation application was high, with the majority of 
participants reporting moderate to high levels of satisfac-
tion. As part of an exploratory analysis, we examined pre- 
and post- anxiety score change for individual sessions of 
different lengths (short, medium, and long), with an 
observed trend toward greater reduction in anxiety with a 
longer meditation session. We also observed clinically and 
statistically significant within-group improvement in mul-
tiple symptoms and group differences for fatigue.

Limitations include recruitment at a single clinical cen-
ter. Although our sample included mostly women with 
breast cancer, it may not be representative of findings with 
other cancer types. As a possible confounding factor, we did 

not account for cancer stage as part of study recruitment or 
randomization. Based on our study design, it will be diffi-
cult to separate how much of the observed effects with 
regard to symptom change were due to the delivery system 
(the APP) or the intervention (meditation). Another limita-
tion concerns meditation length tracking; a participant may 
have selected a short or a long meditation but could have 
spent the same amount of time meditating (eg, they only 
completed 5 minutes of a total 15-minute long meditation). 
Another limitation is the sample size. This trial was designed 
as a pilot study to gain insight into feasibility and accept-
ability and to estimate effect sizes. It was not powered to 
detect clinically or statistically significant differences in 
clinical outcome measures. Therefore, the results of explor-
atory outcome analyses need to be interpreted with caution. 
Effect sizes can be of value in planning futures studies, but 
the width of confidence intervals should be taken into con-
sideration along with point estimates, as the values from 
small studies may not be replicated in future trials. Of note, 
patients scoring >3 on the ESAS were included as part of 
this study, based on literature suggesting that an ESAS anx-
iety or depression score >3 is considered a useful screening 
tool for detecting anxiety or depression in patients with 
non-advanced cancer.22 However, on the more clinically 
relevant HADS measure, few patients reported clinically 
significant depression or anxiety at baseline.

A number of longer (8 weeks) programs already exist to 
help with management of cancer related symptoms, includ-
ing Mindfulness Based Cancer Recovery and MBSR.23 
When compared to longer interventions such as MBSR for 
the management of cancer related symptoms, we would 
expect a lower magnitude of effect with our less intensive 
2-week intervention (see Tables 3 and 4). In a review of 
clinical studies exploring the MBSR intervention in cancer 
care, observed effect sizes were 0.42 (95% CI 0.26-0.58; 
P < .0001) for mood, 0.58 (95% CI 0.45-0.72; P < .0001) 
for distress, and 0.29 (95% confidence interval (CI) 0.17-
0.40; P ≤ .00005) for quality of life.24 Future studies with 
the APP should explore changes in the magnitude of effect 
if participants are exposed to a longer intervention period.

In conclusion, we found that we could successfully 
recruit people to this study and that most adhered, with a 
majority generally liking the experience of meditating using 
the APP. Exploratory results suggested that longer sessions 
may more effectively reduce symptoms; however, further 
research with a larger sample size is needed to optimize ses-
sion duration as well as the recommended number of ses-
sions per week. Future research is also warranted to identify 
how to improve adherence with the meditation interven-
tion, which may lead to greater effects on self-reported 
symptoms. Strategies to improve adherence could include 
modifications to the APP itself to improve usability and 
development of built-in meditation reminders and other 
incentives.
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