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Abstract

Background: Depression, anxiety, and sleep disturbance are common problems that greatly affect quality of life for
many myeloproliferative neoplasm (MPN) patients. App-based mindfulness meditation is a feasible nonpharmacologic
approach for managing symptoms. However, previous research has not considered how patients’ overall mental health
may influence their responsiveness to these interventions. Objective: The purpose of this study was to conduct an
exploratory, secondary analysis of the effects of a smartphone meditation app, Calm, on depression, anxiety, and sleep
disturbance in MPN patients based on patients’ baseline levels of Global Mental Health (GMH). Methods: Participants
(N = 80) were a subset of MPN patients from a larger feasibility study. Patients were enrolled into an intervention
(use Calm for 10 minutes daily for 4 weeks) or educational control group. Results: In multilevel models, there were
significant 3-way interactions between time, group, and baseline GMH for depression and anxiety symptoms, with
participants in the meditation intervention who reported the poorest baseline GMH experiencing the greatest reduction
in symptoms over time. For both intervention and control participants, poorer initial GMH was associated with increases
in sleep disturbance symptoms over time. Conclusions: Mindfulness meditation apps, such as Calm, may be effective in
reducing depression and anxiety symptoms in MPN patients, particularly for those experiencing mental health difficulties.
Given the need for accessible tools to self-manage chronic cancer—related symptoms, especially strong negative emotions,
these findings warrant larger efficacy studies to determine the effects of app-based meditation for alleviating depression
and anxiety in cancer populations.
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Introduction have reported even higher rates.>* Moreover, MPN patients
report higher rates of anxiety and depression than do other
cancer populations.” Mental health difficulties associated
with cancer such as anxiety and depression can greatly
affect MPN patients’ overall quality of life and impair their
ability to function normally during day-to-day activities.®?

Myeloproliferative neoplasms (MPNs) are a form of rare
blood cancers. MPN cancers have a prevalence of 350 000
cases in the United States and an incidence rate of 6/100
000 per year.!> These cancers are chronic, and even with
optimal medical therapy, individuals diagnosed with MPN
often suffer from severe cancer-related symptoms.? Among |
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The mental health difficulties also affect patients’ outlook
toward the future, aspirations, travel plans, and long-term
planning. '

Sleep disturbance is also prevalent among MPN patients.
Over 50% of MPN patients have difficulty falling and/or stay-
ing asleep, and over 30% report a diagnosis of insomnia.'!
Not only does sleep disturbance have direct impacts on
MPN patients (eg, fatigue), inadequate sleep also exacer-
bates symptoms of depression and anxiety, such that sleep
disturbance also indirectly contributes to total symptom
burden.'>!* Moreover, depression or anxiety can impair
sleep, creating a positive feedback cycle that perpetuates
both sleep disturbance and mental health difficulties associ-
ated with cancer.

Despite the prevalence of sleep disturbance and mental
health difficulties associated with cancer, one study found that
only 63% of MPN patients were willing to accept psychiatric
medication.'* Many people are reluctant to accept psychiatric
medications due to stigma, concerns about side effects, and
skepticism about their effectiveness.!> Furthermore, research
suggests that the when used long term, some psychiatric med-
ications confer risk for dependency.'® To address the unmet
need for managing sleep disturbance and mental health diffi-
culties in MPN patients, alternative interventions are war-
ranted. Research is turning to nonpharmacologic approaches
to treat sleep disturbance and mental health difficulties in
MPN patients. Nonpharmacologic approaches, unlike medi-
cations, yield fewer side effects and have no concerns for
dependence.

Mindfulness meditation is one nonpharmacologic
approach for managing sleep disturbance and mental health
difficulties associated with cancer in MPN patients that has
recently received attention. Mindfulness meditation includes
a focus on the present moment, without judgement of
thoughts or feelings, in order to increase awareness of the
“here and now.”'” Given that becoming caught up in mental
distractions is often a component of depression, anxiety, and
sleep disturbance (eg, habitual negative thoughts, unproduc-
tive worry, rumination),'® mindfulness meditation may be
well suited to address these difficulties. Research shows that
mindfulness meditation has positive effects on depression
and anxiety in populations outside of cancer'®?’ and may
also positively affect some aspects of sleep.?!?> Mindfulness
meditation has also been shown to improve psychological
well-being in cancer populations.”> Mobile application (ie,
app)-based interventions alleviate the need for patients to
attend additional appointments, which may be beneficial for
MPN patients, as many must travel to receive specialized
care and many experience symptoms that make in-person
appointments difficult (eg, fatigue).

A prior study conducted in a convenience sample of
MPN patients showed that an app-based meditation inter-
vention was feasible in this population and provided pre-
liminary evidence of improvement in sleep disturbance,

depression, and anxiety.”* However, this study did not
consider how the severity and variability in patients’ men-
tal health may influence the impact of the intervention.
There is a need to understand the responsiveness of app-
based meditation in MPN patients based on initial mental
health status.

The purpose of this study was to conduct an exploratory,
secondary analysis of the effects of a smartphone medita-
tion app, Calm, on mental health difficulties associated with
cancer (ie, depression and anxiety) and sleep disturbance in
MPN patients based on patients’ baseline mental health, as
measured using the Global Mental Health (GMH) scale.
Specifically, we assessed whether scores on a baseline mea-
sure of GMH modified the relationship between using Calm
(or participating in the control intervention) and reported
changes in mental health difficulties and sleep disturbance.
To do this, we examined the relationship between GMH and
changes in depression, anxiety, and sleep disturbance
among MPN patients receiving either a mindfulness-
meditation app intervention (ie, 4 weeks of using Calm) or
a control intervention (ie, educational handout about MPN
symptom management). We hypothesized that baseline
GMH would modify the relationship between intervention
condition and changes in depression, anxiety, and sleep dis-
turbance over time. Specifically, we predicted that the
effects of using Calm would be stronger among individuals
with poor GMH, while the effects of the control interven-
tion would not depend on GMH.

Methods

Participants

Participants (N = 80) were a subset of MPN patients from
a larger study that tested the feasibility and preliminary
effects of 2 mindfulness-based apps on severe cancer-
related symptoms.?* The current study included participants
who either used Calm, a mindfulness meditation smart-
phone app (n = 29/80; 36%), or received the control inter-
vention during the first 4 weeks of the parent feasibility
study (n = 51/80; 64%). Current analyses excluded partici-
pants who used Calm during the second 4 weeks of the fea-
sibility study, after having used another app. Participants
were recruited online through MPN organizational partners.
MPN patients interested in the study completed a web-
based eligibility questionnaire. Inclusion criteria were (1) a
diagnosis of essential thrombocythemia, polycythemia
vera, or myelofibrosis; (2) able to read and understand
English; (3) at least 18 years old; (4) reside in the United
States; and (5) willing to be randomized. Exclusion criteria
were (1) having engaged in meditation or yoga in the prior
6 months (not =10 min/day of meditation on =5 days/
week, or =60 min/week of yoga), and (2) having previous
experience with either of the 2 meditation apps used in the
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study. There were no exclusion criteria related to mental
health status or diagnoses.

Procedures

In the parent study, patients were randomized into 1 of 4
study groups: one group received Calm for the first 4 weeks
of the intervention, another used another meditation app for
the first 4 weeks, and the third and fourth (control) groups
received educational information related to cancer (and
began using 1 of the 2 meditation apps after the first 4 weeks
of the study).?* Given higher satisfaction and engagement
with the Calm app, the current analyses compare those who
used Calm during the first 4 weeks of the intervention to
those in the educational control condition (ie, participants
who used the other meditation app were not included in
analyses due to lower satisfaction and engagement with the
app). Participants in the Calm intervention group were
asked to download and use Calm for 10 minutes every day
for 4 weeks; those in the control group were given a 7-page
educational handout containing information about evi-
dence-based MPN fatigue management.

Measures

At baseline and postintervention (ie, 4 weeks), participants
were given the National Institutes of Health Patient-
Reported Outcomes Measurement Information System
(NIH PROMIS)* 8-item short-form measures of
Depression, Anxiety, and Sleep disturbance. The PROMIS
also includes a 10-item scale measuring Global Health
(GH), which can be separated into Mental Health (GMH)
and Physical Health (GPH) scales which reflect overall
evaluations of respondents’ mental and physical health.?
Items of the GMH and GPH scales do not overlap with
items on individual symptom scales. Items on all PROMIS
measures are rated using 5-point Likert-type scales. Raw
scores are computed by summing the items in that scale,
with higher scores reflecting higher levels of the construct
being measured. As such, higher scores on the Depression,
Anxiety, and Sleep Disturbance scales indicate more severe
symptoms, while higher scores on the GH scales indicate
better health. The PROMIS measures are reliable and valid
assessment tools in diverse populations, including individu-
als with chronic illness.?’?° Additionally, raw scores of each
scale can be converted to ¢ scores that correspond to norms
in a representative sample of US adults, such that respon-
dents’ scores can be meaningfully interpreted by comparing
them with average scores in the reference population.*°

Data Analysis

All analyses were conducted using IBM SPSS 25.0.
Participants were characterized by demographic information

and baseline PROMIS ¢ scores from the Depression, Anxiety,
Sleep Disturbance, and GMH scales. PROMIS scores were
compared using ¢ tests to ensure that there were no between-
group differences at baseline.

Factorial multilevel models (ie, mixed GLM analyses)
were used to compare changes in PROMIS Depression,
Anxiety, and Sleep Disturbance ¢ scores between the pre- to
postintervention periods. Multilevel modeling is appropri-
ate for these data in that it can account for the nesting of
repeated measures within the same individual. Multilevel
models can determine how participants responded to the
different intervention conditions (ie, Calm vs educational
control), and the extent to which the magnitude of those
changes is associated with GMH. Given that results show-
ing the positive effects of Calm have been described else-
where,”* present analyses focused specifically on how
individuals’ GMH affected these effects.

All models were estimated using restricted maximum
likelihood estimation, default convergence criteria, and a
compound symmetrical covariance structure. As an exam-
ple, the model for changes in depression is described below.
Models for anxiety and sleep disturbance were identical.

depression,; =y, +7,, (time)+v,, (group)
+Yo2 (GMH) +7,,(time x group)
+7,, (time x GMH) + v, (group x GMH)
+7,3(timex groupx GMH) +7;,

In the above-mentioned equation, time point i is nested
within person j. Outcome variables (vy) consisted of changes
in PROMIS ¢ scores on the scales for Depression, Anxiety,
and Sleep Disturbance. All outcomes were examined via
independent models. Group assignment was effect coded so
control = —1 and Calm = 1, time was coded so preinterven-
tion = 0 and postintervention = 1, and GMH scores were
grand-mean centered, such that the intercept (y,,) reflects the
average ¢ score in the overall sample at baseline. The pri-
mary effect of interest is the 3-way interaction between time,
group, and GMH (y,,). A significant 3-way interaction would
suggest that the extent to which participants showed changes
in mental health difficulties and/or sleep disturbance simul-
taneously (1) differed across intervention groups and (2)
depended on GMH. Three-way interactions were decom-
posed using the calculation tool developed by Preacher
et al,*! and simple slopes were used to describe the direction
and magnitude of these differences. Effect sizes (d) for mul-
tilevel models were estimated by dividing the unstandard-
ized regression coefficient by the standard deviation of the
outcome variable across the entire sample, derived from
level-1 data, including calculated variables that reflected
cross-level interactions.>? Effect sizes for simple slopes were
calculated as dividing the differences in pre- and postinter-
vention means by the standard deviation of the differences.
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Table |. Demographic Characteristics of the Sample.

Category n (%)
Gender (N = 80)
Female 61 (76.3)
Male 19 (23.8)
Race (N = 80)
White 76 (95.0)
Asian 2(25)
American Indian 1 (1.3)
Other I (1.3)
Ethnicity (N = 77)
Non-Hispanic 75 (97.4)
Hispanic 2 (2.6)
Education (N = 80)
Did not complete high school I (1.3)
High school 6 (7.5)
Some college 16 (20)
Associate degree 6 (7.5)
Bachelor’s degree 22 (27.5)
Graduate degree or higher 29 (36.3)
Annual income (N = 79)
<$20 000 5(6.3)
$21 000-40 000 6(7.6)
$41 000-60 000 16 (20.3)
>$61 000 52 (65.8)
Results

Demographic and Clinical Characteristics

Participants predominately identified as female (76%;
61/80), White (95%; 76/80), and non-Hispanic (97%;
75/79; see Table 1). Most participants (71%; 57|80) were
college graduates (ie, had received an Associate, Bachelors,
or graduate-level degree), and most reported an annual
household income of more than $60 000 (66%; 52/79).

Baseline means for PROMIS scale ¢ scores in each group
are presented in Table 2. As shown, there were no signifi-
cant differences between Calm and control groups with
regard to baseline clinical characteristics.

Changes in Mental Health Difficulties Associated
With Cancer and Sleep Disturbance

Depression. Coefficients for the model of change in PRO-
MIS Depression scores are presented in Table 3. There was
a significant main effect of GMH in which lower GMH
baseline scores at (ie, those reporting the poorer GMH) were
associated with higher levels of depression at baseline.
There was also a significant 2-way interaction between time
and GMH, such that across both groups, those with lower
GMH scores at baseline reported larger reductions in depres-
sion over time. The 3-way interaction between time, inter-
vention group, and GMH was statistically significant,

Table 2. Baseline Clinical Characteristics in the Sample, by
Group (N = 80).

Mean (SD)
PROMIS scale Control Calm t (df) P
Depression 50.58 (7.54) 50.48 (10.09) 0.05(78) .959
Anxiety 54.77 (7.89) 51.14(10.75) 1.72(77) .090
Sleep Disturbance 50.73 (8.03) 53.58 (7.72) —1.55(78) .126
GMH 45.59 (8.22) 44.64 (7.61) 0.51 (78) .609
GPH 44.56 (9.09) 43.67 (9.22) 0.42 (78) .674

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; df, degrees of freedom; GMH, Global Mental
Health; GPH, Global Physical Health.

Table 3. Fixed Effects From Multilevel Model of Changes in
PROMIS Depression t Scores as a Function of Intervention
Group and PROMIS GMH Scores.

Coefficient

(SE) t (df) P d
Intercept 49.36 (5.19) 951 (152) <.001 —
Time 0.63 (1.91) 0.33 (76) 745 0.07
Group 1.2(1.6) 0.75(150) .455 0.14
GMH 0.53 (0.17) 3.11 (150) .002 0.06
Time X Group -0.31 (24) -0.13 (76) .896 -0.04
Time X GMH -1.52 (0.26) -5.97 (76) <.001 -0.18
Group X GMH -0.39 (0.21) —1.86 (150) .064 -0.05

Time X Group X GMH 074 (0.31) 24 (76) .019 0.09

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; GMH, Global Mental Health; SE, standard error;
df, degrees of freedom.

although the effect size was small. As shown in Figure 1,
those with lower GMH scores at baseline generally had
greater reductions in depression than those with higher base-
line GMH scores. Participants with poor GMH in the Calm
group had the largest decreases in depression (see Table 4).

Anxiety. Coefficients for the model of change in PROMIS
Anxiety scores are presented in Table 5. There were signifi-
cant main effects of time and GMH, indicating that across
all participants, anxiety decreased over time. There was also
a significant main effect of GMH, in which those with lower
baseline GMH scores reported higher baseline levels of
anxiety. There was a significant 2-way interaction between
time and group, which showed that regardless of baseline
GMH, participants in the Calm group reported larger reduc-
tions in anxiety over time. The 2-way interaction between
time and GMH was also significant, such that across groups,
participants with lower GMH scores at baseline reported
larger reductions in anxiety over time. The interaction
between time, group, and mental health was statistically
significant, although the effect size was small. Figure 2
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Figure |. Simple slopes for model of changes in Patient-Reported Outcomes Measurement Information System (PROMIS)
Depression t scores by intervention group in participants with high and low PROMIS Global Mental Health (GMH) scores.

Table 4. Simple Slopes for Model Changes in PROMIS
Depression t Scores by Intervention Group in Participants With
High and Low PROMIS GMH Scores®.

Table 5. Fixed Effects From Multilevel Model of Changes in
PROMIS Anxiety t Scores as a Function of Intervention Group
and PROMIS GMH Scores.

Slope (SE) t (df) P d
Control
Low GMH -6.10 (1.99) -3.07 (76) .073 -0.48
High GMH 11.58 (5.87) 3.33 (76) .001 0.92
Calm
Low GMH -12.70 (6.19) —-2.86 (76) .006 -1.01
High GMH 6.72 (2.10) 3.20 (76) .002 0.45

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; GMH, Global Mental Health; SE, standard error;
df, degrees of freedom.

*Low and high GMH reflect PROMIS GMH t scores at baseline that
are one standard deviation below and above the overall sample mean,
respectively.

shows that poor GMH was associated with larger decreases
in anxiety, and that participants with poor GMH who used
Calm reported the largest decreases in anxiety (see Table 6).

Sleep Disturbance. Coefficients for the model of changes in
PROMIS Sleep Disturbance scores are presented in Table
7. There was a significant main effect of time, which
showed that across all participants, sleep disturbance
increased over time. There was also a significant 2-way
interaction between time and GMH, such that those with
lower GMH scores at baseline reported larger increases in
sleep disturbance over time. The 3-way interaction between

Coefficient

(SE) t (df) P d
Intercept 54.67 (5.58) 9.8l (150) <.001 —
Time —-4.6 (2.07) -2.22 (75) .029 -0.51
Group —1.43 (1.75) -0.82 (149) 416 —-0.16
GMH 0.41 (0.19) 2.14(149) .034 0.05
Time X Group 6.35 (2.57) 2.47 (75) .0l6 0.70
Time X GMH -1.6 (0.28) -5.67 (75) <.001 -0.18
Group X GMH -0.2 (0.23) -0.88 (149) .383 -0.02

Time X Group X GMH 0.9 (0.34) 268 (75) .009 0.10

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; GMH, Global Mental Health; SE, standard error;
df, degrees of freedom.

time, group, and GMH was not significant. Simple slopes
are presented in Figure 3 and Table 8.

Discussion

The purpose of this study was to conduct an exploratory,
secondary analysis of the effects of a smartphone medita-
tion app, Calm, on mental health difficulties associated with
cancer (ie, depression and anxiety) and sleep disturbance in
MPN patients based on patients” GMH. Specifically, we
assessed whether scores on a baseline measure of GMH
modified the relationship between using Calm or a control
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Figure 2. Simple slopes for model of changes in Patient-Reported Outcomes Measurement Information System (PROMIS) Anxiety t
scores by intervention group in participants with high and low PROMIS Global Mental Health (GMH) scores.

Table 6. Simple Slopes for Model Changes in PROMIS Anxiety
t Scores by Intervention Group in Participants With High and
Low PROMIS GMH Scores®.

Table 7. Fixed Effects From Multilevel Model of Changes
in PROMIS Sleep Disturbance t Scores as a Function of
Intervention Group and PROMIS GMH Scores.

Slope (SE) t (df) P d
Control
Low GMH -3.95(2.10) -1.88 (75) .064  -0.30
High GMH 9.62 (6.23) 1.54 (75) 127 0.42
Calm
Low GMH -13.53 (6.90) -4.57(75) <.001 -1.04
High GMH 5.45 (2.23) 3.35 (75) .021 0.74

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; GMH, Global Mental Health; SE, standard error; df,
degrees of freedom.

*Low and high GMH reflect PROMIS GMH t scores at baseline that

are one standard deviation below and above the overall sample mean,
respectively.

condition and reporting changes in depression, anxiety, and
sleep disturbance.

The largest decreases in depression and anxiety were
those in the Calm group who reported the poorest baseline
GMH. Poorer GMH was associated with increases in sleep
disturbance; however, changes in sleep disturbance were
not related to being in the Calm group versus the educa-
tional control group.

It is not surprising that participants with poorer GMH at
baseline reported larger decreases in depression and anxiety
than those with better baseline GMH. This is expected

Coefficient

(SE) t (df) P d
Intercept 49.33 (5.58) 885 (152) <.001 —
Time 4.03 (1.78) 2.26 (76) .027 0.50
Group 0.87 (1.73) 0.51 (148) .614 0.11
GMH 0.09 (0.18) 0.47 (148) .640 0.0l
Time X Group -3.34(2.23) -1.5(76) .139 -0.42
Time X GMH -0.51 (0.24) -2.15 (76) .035 -0.06
Group X GMH 0.03 (0.22) 0.13 (148) .895 0.00
Time X Group X GMH  0.03 (0.29) 0.10 (76) 918 0.00

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement
Information System; GMH, Global Mental Health; SE, standard error;
df, degrees of freedom.

given that those with poorer mental health at the start of the
study also had more severe depression and anxiety, allow-
ing for a greater level of improvement. Thus, the largest
decreases in depression and anxiety were found in those
who had poor GMH and who used Calm suggests that app-
based meditation is particularly helpful for those with poor
mental health.

Calm meditations are developed using a combination of
techniques drawn from Mindfulness-Based Stress Reduction
and Cognitive Behavioral Therapy, encouraging users to
practice moment-to-moment awareness without judgement
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Table 8. Simple Slopes for Model Changes in PROMIS Sleep Disturbance t Scores by Intervention Group in Participants with High

and Low PROMIS GMH Scores®.

Slope (SE) t (df) P d
Control
Low GMH 11.83 (5.49) 2.16 (76) .034 .11
High GMH 4.65 (1.96) 2.37 (76) .020 0.44
Calm
Low GMH 291 (5.78) 0.51 (76) 615 0.27
High GMH —-3.27 (1.85) =1.77 (76) .081 -0.31

Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System; GMH, Global Mental Health; SE, standard error; df, degrees of

freedom.

2Low and high GMH reflect PROMIS GMH t scores at baseline that are one standard deviation below and above the overall sample mean, respectively.
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Figure 3. Simple slopes for model of changes in Patient-Reported Outcomes Measurement Information System (PROMIS) Sleep
Disturbance t scores by intervention group in participants with high and low PROMIS Global Mental Health (GMH) scores.

and to develop awareness of their thoughts, interpretations,
and emotional and physiological responses in order to alter
their perception or create new, more balanced thoughts. This
practice of nonjudgmental present-moment awareness has
been demonstrated to reduce stress,”® increase self-
efficacy,® and improve emotion regulation® all of which
have been associated with reductions in anxiety and depres-
sion among cancer patients/survivors.*®3# Khoury and col-
leagues® suggest that mindfulness-based therapies may be
most effective in those with more severe mental illness (ie,
depression). In a meta-analytic review, they found across
multiple studies (n = 6) that those reporting a more severe
level of baseline depression improved to a greater extent
from pretreatment to posttreatment as compared with those

reporting more mild or moderate depression at baseline.
Given the growing body of evidence supporting the benefits
of meditation for depression and anxiety in clinical popula-
tions, including cancer,*** recognizing that the impact may
be greater for those in most need is important.

Our findings related to greater reductions in depression
and anxiety in those with poor GMH and who used Calm
provide evidence that the benefits of in-person mindful-
ness-based interventions for those with more severe mental
health difficulties may extend to app-based interventions.
There is a general belief among mental health providers
that individuals with more severe mental health symptoms
require more intensive treatment.*> Moreover, the severity
of mental health symptoms is often a primary differentiator
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between who is immediately placed into high-intensity
interventions (eg, 12-16 in-person, therapist-led sessions
of cognitive behavioral therapy),* even when lower inten-
sity interventions (ie, cost-effective interventions with low
demands on “specialist therapist time,” including web- or
smartphone-based interventions) have shown comparable
if not greater benefits for individuals with more severe
symptoms.*** More research is needed to understand
required dosage and the long-term sustainability of improve-
ments in app-based meditation interventions. However, the
current findings suggest that a meditation mobile app such
as Calm may be feasible to reduce more severe depression
and anxiety symptoms, warranting larger efficacy studies
in the future that are fully powered to compare effects to
those observed with in-person treatments.

Recent research indicates that emotional distress is prev-
alent among cancer patients/survivors. Nearly half of can-
cer patients experience clinically significant depression and
anxiety symptoms during treatment,**® and for more than
20%, these symptoms are maintained as long-term survi-
vors (ie, =5 years after diagnosis).*’ More specifically,
MPN patients have a different disease course than most
tumor-based cancers.** MPN patients experience long-term
and persistent mental health difficulties associated with
their cancer diagnosis, symptoms, or treatment, despite the
fact that overall improvement in survival is typically better
among MPN patients compared with other cancers.'? Thus,
MPN patients are faced with managing depression and anx-
iety that may be more likely to persist or reemerge over
time. Meditation apps, such as Calm, may be helpful in the
long-term management of more severe depression and anxi-
ety that require consistent intervention. Thus, in general,
symptoms of anxiety and depression among cancer patients
appear to be well documented, and early identification and
effective treatment should be considered essential for com-
prehensive cancer care.

Poor baseline GMH was associated with increases in
sleep disturbance over time; however, there were no dif-
ferences in the changes in sleep disturbance between the
Calm and the control groups. Given recent studies sup-
porting the positive effects of mindfulness meditation
interventions on sleep quality,?! the lack of benefits for
sleep disturbance was unexpected. A previous review
comparing studies testing the effects of mindfulness medi-
tation on sleep found that across studies, there was sub-
stantial variability in the size of effects and the aspects of
sleep that were affected (ie, not just sleep disturbance, but
quantity or quality of sleep).*’ Additionally, studies on the
effects of mindfulness meditation and sleep have varied in
length (ie, 2-16 weeks), but the extent to which duration of
meditation practice contributes to sleep benefits remains
unclear.”! The current study assessed changes after only 4
weeks of meditation, which may not have been long
enough to see effects on sleep disturbance.

Limitations

This study provides a glimpse of the potential for a medita-
tion app, such as Calm, to be effective for those with poor
GMH. However, the current study has several limitations.
First, the sample was small, predominately female, White,
and had above-average education and annual household
income. Additionally, mean PROMIS ¢ scores were all
within one SD of the general population mean (¢ = 50),
indicating that, on average, the severity of depression, anxi-
ety, and sleep disturbance was within the normal range.
This likely reduced the effect sizes for the 3-way interac-
tions, which were small (for depression, d = 0.09; for anxi-
ety, d = 0.10), and may result in analyses that are
insufficiently powered to detect effects of the intervention.
Given this, the generalizability of the results is unclear, par-
ticularly among populations with more severe symptoms.
Future research should use larger, more demographically
diverse samples of MPN patients with a larger range of
symptom severity. Anxiety and depression increased among
Calm and control participants with better baseline GMH.
This finding was unexpected, and it is unclear whether these
changes were related to study participation (eg, if reporting
on mental health symptoms made them more salient) or
natural variability over time. Future studies should measure
the effects of using Calm in longer interventions, with mea-
surements taken at multiple time points.

Future Research

A smartphone-based, mindfulness meditation app, Calm,
was effective in reducing depression and anxiety in MPN
patients, particularly for those who reported poor GMH;
however, the intervention did not significantly affect MPN
patients’ sleep disturbance. This information may inform
future research. Since the current study suggests that Calm
is effective in reducing anxiety and depression among MPN
patients, future studies may also seek to train providers to
integrate low-intensity nonpharmacological interventions
(eg, mindfulness meditation apps, such as Calm) into their
standard cancer care as an option to manage mental health
difficulties associated with cancer, particularly for patients
experiencing severe symptoms that may be otherwise diffi-
cult to manage. However, given the unique course of MPN,
future studies are needed to determine how app-based med-
itation may benefit other cancer patient/survivor popula-
tions. Additionally, more research is needed to determine
whether smartphone-based meditation apps may positively
affect sleep disturbance in cancer patients/survivors.
Future studies should consider the mechanisms by which
meditation apps benefit cancer patients/survivors. It may be
that different content or different components within these
apps provide unique effects on anxiety, depression, and
sleep disturbance. It is also likely that the characteristics of
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individual cancer patients/survivors (eg, mental health,
symptom severity) affect their response to different app
content, components, or smartphone-based meditation in
general, indicating the need to better understand which
patient/survivor populations may most benefit from these
interventions. These unanswered questions underscore the
need for large-scale randomized controlled trials of app-
based meditation interventions for cancer patient/survivor
populations that are sufficiently powered to detect not only
the effects of these interventions, but also the mediators and
moderators that explain and change those effects in context.
Specifically, these studies should recruit MPN patients suf-
fering from significant, clinical levels of anxiety, depres-
sion, and sleep disturbance. Ideally, longer follow-up to
detect sustained changes over time would better inform the
effectiveness of Calm for MPN cancer patients.

Conclusion

These findings contribute to a growing body of evidence
supporting the benefits of meditation for clinical popula-
tions, including cancer, and that delivering meditation
through a smartphone app can help make these benefits
more available to patients. Given the prevalence of depres-
sion and anxiety among cancer patients, there is an urgent
need for easily accessible tools for self-managing mental
health difficulties associated with cancer. This study dem-
onstrates that meditation apps, such as Calm, may be effec-
tive tools to help MPN patients with mental health
difficulties manage their depression and anxiety. These
results are encouraging, as app-based meditation may serve
as a feasible, low-intensity, nonpharmacological interven-
tion that could be easily available to cancer patients who are
struggling with mental health. Meditation apps, such as
Calm, could also be incorporated into standard cancer care
to serve as a supplementary tool for individuals having
ongoing difficulties with mental health and requiring con-
sistent treatment to manage their symptoms. Future research
should include large-scale efficacy trials to provide a better
understanding of whether Calm and other meditation apps
can improve mental health in cancer patients, the mecha-
nisms that drive those effects, and the populations that most
benefit from app-based meditation interventions.
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