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Abstract

Objective: Rumination is a risk factor for the development of internalizing psychopathology that
often emerges during adolescence. The goal of the present study was to test a mindfulness mobile
app intervention designed to reduce rumination.

Method: Ruminative adolescents (V= 152; 59 % girls, 18% racial/ethnic minority, Mage =
13.72, SD = .89) were randomly assigned to use a mobile app 3 times per day for 3 weeks that
delivered brief mindfulness exercises or a mood monitoring-only control. Participants reported
on rumination, depressive symptoms and anxiety symptoms at baseline, post-intervention and at
3 follow-up timepoints: 6 weeks, 12 weeks, and 6 months post-intervention. Parents reported on
internalizing symptoms.

Results: There was a significant Time x Condition effect at post-intervention for rumination,
depressive symptoms, and anxiety symptoms, such that participants in the mindfulness
intervention showed improvements relative to those in the control condition. The effect for
rumination lasted through the 6-week follow-up period; however, group differences were generally
not observed throughout the follow-up period, which may indicate that continued practice is
needed for gains to be maintained.

Conclusions: This intervention may have the potential to prevent the development of
psychopathology and should be tested in a longitudinal study assessing affective disorder onset,
especially in populations with limited access to conventional, in person mental health care.

Keywords
adolescents; rumination; mindfulness; mobile app; internalizing symptoms

Rumination, which involves passively and repetitively focusing on one’s negative emotions
and brooding about their meaning and consequences (Nolen-Hoeksema, 1991), is a
transdiagnostic risk factor involved in the development of a wide range of psychopathology,
especially depression and anxiety (for reviews see Aldao et al., 2010; Nolen-Hoeksema &
Watkins, 2011; Nolen-Hoeksema et al., 2008; Watkins & Roberts, 2020). The tendency
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to ruminate develops throughout childhood and is thought to consolidate into a trait-

like response style by adolescence (Shaw et al., 2019), a time when depression and
anxiety begin to increase (e.g., Merikangas et al., 2010). A meta-analysis showed that
rumination is associated with depressive symptoms, both concurrently and prospectively,
among adolescents (Rood et al., 2009), and rumination prospectively predicts diagnoses
of depression in adolescents (Abela & Hankin, 2011). Similarly, rumination concurrently
and prospectively predicts anxiety symptoms in adolescents (e.g., McLaughlin & Nolen-
Hoeksema, 2011; Muris et al., 2004). Thus, rumination’s transdiagnostic risk status makes
it an important target for preventive interventions, as intervening with individuals who
ruminate may prevent the development of psychopathology.

Mindfulness offers an alternative rumination, by providing a way to attend to negative
emotions without getting caught up in them. We designed a brief mindfulness mobile

app intervention (i.e., the CARE app) appropriate for adolescents to target rumination and
symptoms of psychopathology. We previously reported that this intervention was successful
in targeting rumination in adolescents (Hilt & Swords, 2021). In that study, ruminative
adolescents were asked to use the mobile app three times per day for three weeks and
were followed for 12 weeks after the intervention period. The app involved both mood
monitoring (through responses to ecological momentary assessment prompts) and brief
mindfulness exercises. There were significant decreases in rumination and internalizing
symptoms post-intervention with medium to large effects sizes (e.g., an =.06- .33), most
of which lasted throughout the follow-up period. Furthermore, the study showed that the
intervention was acceptable for adolescents (e.g., 77.4% of adolescents and 81.7% of
parents found it acceptable). The primary limitation of the study was that it used a pre/
post, within-subjects design (no control group) and was unable to control for threats to
internal validity, such as the passage of time, regression to the mean, and the effect of
repeated assessments. Additionally, because the mobile app utilized both mood monitoring
and mindfulness exercises, it was unclear how much the outcomes may have been due to
the mood monitoring aspect of the intervention. Accordingly, the goal of the present study
was to test the mobile app intervention for ruminative adolescents utilizing a randomized,
controlled design where a mood-monitoring-only version of the app was compared to the
mood-monitoring-plus-mindfulness version from the previous trial.

Targeting Rumination with Mindfulness

Many have argued that the nonjudgmental awareness that is cultivated through mindfulness
allows individuals to experience negative emotions in a different way. That is, rather than
pushing that negative emotion away (i.e., experiential avoidance) or getting overly engaged
with it (e.g., rumination), mindfulness allows people to experience their negative emotions
and let them go (e.g., Chambers et al., 2009; Williams & Kuyken, 2012). Below, we
review research on the relationship between mindfulness and rumination that informed the
development of the intervention used in the present study.
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Rumination and Mindfulness Have an Inverse Relationship

An important negative association between trait mindfulness (i.e., the tendency for one to
focus attention on the present moment in a nonjudgmental manner) and trait rumination
(i.e., the tendency to repetitively and passively focus on one’s negative emotions) exists.
For example, in a study of college students, trait mindfulness was negatively correlated
with levels of uncontrollable rumination (Raes & Williams, 2010). Further, other studies
with adults have shown that global measures of trait mindfulness are negatively associated
with rumination (Brown & Ryan, 2003; Keune et al., 2011; Kumar et al., 2008). Studies
that have examined specific aspects of mindfulness suggest that the nonjudgment facet, in
particular, may be uniquely inversely associated with rumination (Petrocchi & Ottaviani,
2016; Thompson et al., 2019). We have also found that the nonjudgment facet of
mindfulness (which focuses on taking a neutral and non-evaluative stance toward inner
thoughts and feelings) predicts rumination concurrently and prospectively in both college
students and adolescents (Swords & Hilt, 2021). This negative relationship may suggest
that rumination and mindfulness are, in some ways, antithetical. While rumination tends to
focus on the past and involve high levels of judgment about the self (Nolen-Hoeksema et
al., 2008), mindfulness focuses on the present and involves a more neutral stance towards
the self. Of course, given the debate within the field about the validity of trait mindfulness
measures (e.g., Karl & Fischer, 2022), it is critical to look beyond correlational studies

of trait mindfulness and rumination. Importantly, an experimental study with adolescents
showed that when participants experienced negative emotions about the self, engagement in
rumination amplified them while engagement in mindfulness decreased them (e.g., Hilt &
Pollak, 2012). Thus, training in mindfulness may offer an optimal way to reduce rumination
by providing a different way of responding to negative thoughts.

Mindfulness Interventions Reduce Rumination

Mindfulness meditation (i.e., the practice of focusing one’s attention on the present
moment, nonjudgmentally; Kabat-Zinn, 2003) has shown promise in reducing rumination.
For example, studies of Mindfulness-Based Stress Reduction (Kabat-Zinn, 2003) in healthy
adults (e.g., Deyo et al., 2009; Shapiro et al., 2007) and stressed college students (e.g., Jain
et al., 2007) have demonstrated a decrease in rumination. Similarly, studies of Mindfulness-
Based Cognitive Therapy (Segal et al., 2002) for depressed adults have shown decreases in
rumination (Perestelo-Perez et al., 2017). Importantly, these studies have been conducted
using rather intensive interventions (i.e., lasting 4-8 weeks, with weekly in-person sessions
and daily home practice) and have only involved adults.

Brief mindfulness interventions also exist, but they have not generally been tested for their
ability to reduce rumination. There are many mindfulness apps available in the marketplace,
and the few that have been subject to empirical testing have demonstrated reductions in
stress, depression, and anxiety (e.g., Howells et al., 2016; Cavanagh et al., 2013; Delgado
et al., 2010; Flett et al., 2019; van Emmerik et al., 2018). Although several available
mindfulness apps have been deemed appropriate for children or adolescents, they have
generally not been subject to empirical testing (Nunes et al., 2020).
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Laboratory studies have demonstrated the ability of brief mindfulness interventions to
reduce state rumination in college students (Villa & Hilt, 2014) and adolescents (Hilt

& Pollak, 2012). In both studies, participants were induced to ruminate (either via a
standard rumination induction or social-evaluative stressor) and then engaged in an 8-minute
exercise to which they were randomly assigned. A brief mindfulness exercise reduced
rumination relative to other brief exercises in both studies, suggesting that mindfulness may
be particularly helpful in targeting rumination, in both adults and adolescents.

Development of the CARE App

These findings led us to develop a brief mindfulness mobile intervention, the CARE app, to
target rumination in adolescents. After pilot testing to help assess feasibility and determine
an optimal length for the intervention, we conducted an open-label trial and found that the
app significantly reduced trait rumination along with symptoms of depression and anxiety
among a group of adolescents selected for at least moderate levels of rumination who

were asked to use the app three times per day for three weeks (Hilt & Swords, 2021).

In designing a randomized, controlled trial, we wanted to develop a comparison condition
that was identical to the mindfulness intervention, but without mindfulness exercises. Thus,
participants in the control condition would use the app to respond to mood prompts three
times per day, just like those in the intervention condition, but they would never receive

a mindfulness exercise to complete. Research on mobile mood monitoring shows that it
reduces depressive symptoms among youth via increased emotional self-awareness, but it
does not impact rumination (Kauer et al., 2012). Given the favorable outcomes associated
with mobile mood monitoring in adolescents (Dubad et al., 2018), it appears the control
condition would function as not only an assessment-only control but also as an active
intervention.

The Present Study

Method

Procedure

The present study sought to answer the question of whether the CARE app, which involves
both mood monitoring and mindfulness, would uniquely reduce rumination compared to

a mood-monitoring only version of the app. We hypothesized that ruminative adolescents
assigned to the mindfulness mobile app intervention three times per day for three weeks
would show reductions in trait rumination compared to adolescents assigned to a mood
monitoring-only control. We also expected that the reduction in rumination resulting from
the intervention would mediate decreases in internalizing psychopathology during the
follow-up period.

The present study was approved by the Lawrence University IRB. This study was conducted
in accordance with the declaration of Helsinki and adhered to Good Clinical Practice
guidelines. Participants were recruited from 2019-2020 from a mid-sized Midwestern

city in the United States through mailed letters to parents and guardians of 6-9t grade
students at public schools. Letters described a research study investigating how a mobile

J Clin Child Adolesc Psychol. Author manuscript; available in PMC 2024 July 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hilt et al.

Page 5

app may help adolescents cope with their emotions. In addition to recruitment letters,
participants were also recruited through word-of-mouth, study posters in public spaces

(e.g., gyms, community centers, and grocery stores), and online advertisements that used
language identical to the letter advertisements. Interested families emailed to schedule a
time to determine eligibility by phone. Eligible and interested families were scheduled for a
45-minute, in-person visit to our laboratory. Due to the onset of the COVID-19 pandemic, 23
participants completed the visit virtually via videoconference. There were no differences in
baseline measures between those enrolled virtually and those enrolled in person (& = -.11 -
09; ps =.912 - .931).

During the visit, study personnel explained the details of the study and obtained

informed consent and assent. After, adolescents and parents completed a series of baseline
questionnaires through an online survey. Participants downloaded the app onto their device,
or one borrowed from our lab (n = 19) and entered their unique ID number and a specialized
code into the app that granted access to the version of the app they were randomly

assigned to (using simple randomization) prior to completion of baseline questionnaires.
Next, adolescents entered their sleep and wake time to calibrate notifications from the app
that would not interrupt their sleep.

Participants were given a tour of the app to learn how to use it. After, all participants

used the app once to practice. Adolescents in the mindfulness condition completed an
example mindfulness exercise if they had not received one through the app and received
brief psychoeducation about mindfulness from a script read to them by a research assistant.
Participants were compensated for the visit ($15 for adolescent and $15 for parent).

All participants received notifications to use the app three times a day (i.e., once in the
morning, once after school and once before bed). While participants were encouraged to use
the app following the notification, they were permitted to use the app later if they missed a
notification. Participants received $25 for completing the intervention and post-intervention
questionnaire ($20 for adolescent and $5 for parent). To incentivize app use, all participants
could also earn a weekly bonus of $5 for using the app twenty-one times or more during
each week of the three-week intervention period (for up to $15 bonus). Study personnel
emailed parents each week to let them know whether their child had earned the weekly
bonus, and participants could reference a counter on the app to keep track themselves. After
the three-week intervention period, participants were no longer prompted or incentivized

to use the CARE app but were able to continue using it if they liked. Participants were

also compensated for each follow-up questionnaire (6 weeks, 12 weeks, and 6 months
post-intervention) they completed ($10 for adolescent and $5 for parent).

Mood Monitoring Control Condition—Participants randomized to the control condition
only completed mood monitoring questions. Each time adolescents used the app, they were
prompted to rate how they were feeling (i.e., sad, anxious, happy, and calm) and whether
they were ruminating (i.e., focusing on emotions or focusing on problems) in that moment.
Using a slider, participants responded to each prompt on a 0 (not at all) to 100 (extremely)
scale. Participants also reported state mindfulness and where they were taking the survey
from (i.e., school, work, car, home).
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Mindfulness Condition—In addition to the questions adolescents in the control condition
received, participants in the mindfulness condition also received mindfulness exercises

some of the time. To prevent adolescents from learning which responses would prompt

a mindfulness exercise, adolescents had a 2/3 chance of receiving an exercise each time

they used the app. To increase the chance they would receive an exercise when they most
needed it, higher levels of state negative affect (i.e., sadness or anxiety ratings) increased the
chances that an adolescent received a mindfulness exercise to 85%. If a mindfulness exercise
was assigned, adolescents were prompted to report how much time they had available to
practice from the following options: ~1 minute, ~5 minutes, or ~10 minutes. Participants
were randomly assigned to an exercise that fit within the specified window of time they had
available. Following the completion of a mindfulness exercise, participants again completed
the same mood monitoring questions. All mindfulness exercises were selected from those

in the public domain that were freely available and were tested through pilot studies to
determine suitability for adolescents. The exercises primarily involved anchoring attention
to the present moment through a focus on specific objects (e.g., breath, sounds, physical
sensations). One-minute exercises were presented with written instructions on the screen
along with a one-minute timer, and longer exercises (i.e., 3-12 minutes) were presented with
recorded audio and involved a variety of voices.

Participants were 152 adolescents (M age = 13.71 years, SD=.89) recruited from a mid-sized
midwestern city in the United States. Inclusion criteria included being between the ages

of 12-15 years old and reporting moderate-to-high levels of rumination during an initial
phone screen. The phone screen involved two questions from the Children’s Response
Styles Questionnaire (CRSQ; Abela et al., 2002) that are also included on the gold-standard
brooding subscale from the Ruminative Response Scale (Nolen-Hoeksema & Morrow, 1991)
used for assessing rumination in adults. Participants were eligible if their responses indicated
they ruminate “sometimes,” “often,” or “always” on average. Forty participants did not meet
this inclusion criterion. Exclusion criteria included serious physical or cognitive disability
that prevented the adolescent from using a mobile device, inadequate English proficiency to
complete outcome measures (assessed during phone screen), or imminent suicide concerns.
No participants were excluded based on these criteria. See Figure 1 for CONSORT diagram
of participant flow.

Parents reported on sex, race, and ethnicity; participants were 58.55% female, 41.45.%
male; 82.24% White, 10.53% Multiracial, 3.29% Black or African American, 1.97% Asian
or Asian American, 1.32% other, and .66% Native Hawaiian or Pacific Islander; 89.47%
non-Hispanic and 10.53% Hispanic. Prior research on adolescents has found that rumination
is somewhat more common among girls compared to boys (e.g., Hilt et al., 2010) and

does not vary across racial/ethnic background (e.g., Hankin, 2008), suggesting our sample
is likely to be representative of adolescents at-risk for rumination. Parents also reported

on income: range = $10,000-15,000 to more than $300,000; median = $90,000-100,000;
9.21% reported being recipients of a government-assisted food program. For full participant
demographic and baseline clinical information, see Table 1. Children’s Depression Inventory
scores showed that 18.42% of the sample (n = 28) scored a 20 or above, which is the
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recommended cut-off score for a non-clinical sample (Kovacs, 1992). This can be compared
to recent epidemiological data suggesting past-year prevalence of a major depressive episode
to be 11.2% for 12-13 year-olds and 18.2% for 14-15 year-olds (National Institute of
Mental Health, n.d.).

Rumination—We assessed trait-level rumination with the Children’s Response Styles
Questionnaire (CRSQ; Abela et al., 2002). The CRSQ is a 25-item self-report questionnaire
modeled after the Response Styles Questionnaire (RSQ; Nolen-Hoeksema & Morrow,
1991), for adults. On a scale from 0 (a/most never) to 3 (almost always), respondents rank
how often they respond to feelings of sadness as described by the item. The rumination
subscale comprises 13 items (e.g., “Think about a recent situation, wishing it had gone
better.”). Scores on each subscale are totaled, with higher scores indicating greater frequency
and severity of rumination. Past research with the CRSQ rumination subscale in adolescent
samples has shown high internal consistency, test-retest reliability and validity in predicting
depressive symptoms (e.g., Hilt et al., 2010). In the present study, we modified the
instructions of the CRSQ to ask how adolescents respond to sadness or distress (rather than
just sadness per the original measure) to align with current conceptualization of rumination
(Nolen-Hoeksema et al., 2008; Shaw et al., 2019) and the measure’s use in other, more
recent studies (e.g., Hilt & Swords, 2021). The reliability of the CRSQ rumination subscale
at each time point in the present study was high: a =.92, a =.92, a =.91., a =.92, a =.93.

Internalizing Symptoms

Depressive Symptoms.: We assessed depression using the Children’s Depression Inventory
(CDI; Kovacs, 1992), a 27-item measure adapted from the Beck Depression Inventory (BDI;
Beck et al., 1996) for adults. Like the BDI, respondents self-report on how they have been
thinking and feeling during the past two weeks. Items on the CDI capture five dimensions of
depression (anhedonia, ineffectiveness, interpersonal difficulty, negative mood, and negative
self-esteem) and are scored on a scale from 0-2. A total score is calculated by summing
items, with higher CDI scores indicating greater severity of depression. Past research
demonstrates that the CDI is a reliable and valid measure used to assess the frequency

and severity of depressive symptoms in children and adolescents between the ages of seven
to 17 (Craighead et al.,1995; Klein, et al., 2005). In this sample, the reliability for the CDI at
each time point was high: a = .90, a=.92, a =.91, a=.92, a=.92.

Anxiety Symptoms.: We assessed anxiety using the Multidimensional Anxiety Scale for
Children (MASC; March et al., 1997). The MASC contains 39 items that assess anxiety
across five dimensions: physical symptoms (e.g., restlessness), harm avoidance, social (e.g.,
fear of humiliation and rejection), and separation anxiety. On a scale from 0 (never true) to
3 (often true about me), respondents identify how often and to what extent they experience
the symptoms of anxiety described by each item. Past research suggests the MASC has
good-to-excellent internal reliability (March et al., 1997; Baldwin & Dadds, 2007) and
demonstrates satisfactory-to-excellent test-retest reliability among adolescents (March et al.,
1997; March et al., 1999). In this sample, the reliability for the MASC total score at each
time point was high: a = .90, a=.92, a=.92, a= .93, a=.93.
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Parent-Reported Internalizing Symptoms.: Parents reported symptoms of
psychopathology using the Pediatric Symptom Checklist (PSC; Jellinek et al., 1988). The
PSC is a 35-item measure for parents to report on frequency of symptoms with three
subscales: internalizing, externalizing, and attention. We used the five-item internalizing
subscale to measure observable symptoms of internalizing (e.g., “Feels sad, unhappy”) as
reported by parents. In this sample, the reliability for the internalizing subscale at each time
point was as follows: a = .83, a=.77, a= .82, a= .81, a=.79.

Data Analytic Plan

Data were analyzed using R (vers. 4.1.0) and SPSS, version 28.0 (IBM Corp). Sample size
was determined via power analysis for the primary RCT aim focused on testing between-
group differences in reduction of rumination. Pilot work revealed a large difference on
change in trait rumination (¢ =.88). The current sample size (n = 152) would provide
excellent power (>.99; assuming alpha = 0.05) to detect this effect. With an alpha = .05 and
power = 0.80, a sample size of 152 could detect a small-to-medium (d'= .46) effect size for
between-group differences in rumination change.

General Analytic Strategies—Baseline equivalence was examined on all outcome
measures using t-tests. We also compared those who completed the study to those who
dropped out or were lost to follow up on demographic and baseline characteristics.
Compliance and intervention dose were assessed with time-stamped electronic records
generated through the app.

Hypothesis Testing—We used multilevel models (via Imedand ImerTest packages in R;
Bates et al., 2014; Kuznetsova et al., 2017) to test whether the mindfulness intervention
condition significantly reduced rumination and psychopathology symptoms (i.e., depression,
anxiety, and parent-reported internalizing symptoms) relative to the mood monitoring only
control condition from baseline to post-treatment (via testing a Group x Time interaction).
Time was centered to represent estimated post-treatment rumination/symptom scores. We
specified a random intercept in the latter models (random intercepts and slopes cannot

both be included given that these models only include two timepoints). Next, to examine
whether any effects persisted during the follow-up period, we tested Group x Time
interactions, with the time variable now also incorporating each follow-up timepoint (i.e.,
baseline, post-treatment, 6 weeks, 12 weeks, and 6 months post-intervention). 77me was
centered to represent estimated rumination/symptom scores at the final follow-up. Both
random intercepts and slopes were specified in the latter models. We included child sex in
these analyses given previous research on sex differences in rumination and internalizing
symptoms (e.g., Hilt et al., 2010). Standardized effect sizes Group x Time interactions

were estimated using the dgpza-raw (Br1(time)/SDraw) formula recommended by Feingold
(2009) for multilevel models (for simplicity dgpa-raw is simply referred to as d'below).
All available data were used in these multilevel models, including from participants who
dropped out (i.e., intent-to-treat analyses). See Supplemental materials for multilevel model
equations.
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Causal mediation was tested using the PROCESS macro (v. 3.5, Model 4; Hayes, 2018)

for SPSS (IBM Corp.) which relies on bootstrapping with 5000 resamples to generate

bias corrected confidence intervals. In these models, condition (independent variable) was
examined as a predictor of symptoms (dependent variable) during the first follow-up
period, and rumination at post-intervention was specified as the mediator, with baseline
symptoms, baseline rumination, and sex entered as covariates. We also specified the models
in reverse to clarify directionality (i.e., post-intervention symptom as mediator of the effect
of condition on rumination during follow-up).

For all significant effects, we report on clinical significance using the Jacobson-Truax (1991)
method. We chose to calculate the reliable change index for ease of comparison across
outcomes measures, since there is no clinical cut-off score for rumination.

Table 1 shows baseline clinical and demographic data for each condition. There were no
significant differences between condition on any outcome variables at baseline based on
t-tests (s = .144-.548). There were also no significant differences on any outcome variables
at baseline between those who were retained throughout the study (/7= 136) and those who
dropped out or were lost to follow up (7= 16; ps = .112-.629). There were no differences
between the retained and attrited groups on demographic variables, except that the attrited
group had a larger percentage of government-assisted food program recipients (XZ =533,p
=.02).

There was equal compliance in app use across conditions. On average, participants used the
app 2-3 times per day. Participants in the mindfulness intervention group used the app 51.72
times (SD = 16.37) during the three-week intervention period compared to 54.26 times (SD
= 15.26) in the mood monitoring only control group, {150) = -.99, p=.326. Similarly,
when app use was optional during the follow-up period, there was no significant difference
between app use in the mindfulness group (M= 40.24, SD = 78.98) versus the control group
(M=139.74, SD=.70.22), {150) = .04, p=.967.

Hypothesis Testing

Changes in Rumination and Internalizing Symptoms—Our first hypothesis was
that ruminative adolescents assigned to the mindfulness mobile app intervention would
show reductions in trait rumination compared to adolescents assigned to a mood monitoring-
only control. Results from the multilevel models testing group differences in changes in
rumination and symptoms from during treatment are presented in Table 2 (also see Fig.

2 for line graphs of observed scores). There were significant Time x Condition effects

at post-intervention, indicating that the mindfulness intervention reduced rumination as
hypothesized (& =.43) as well as depressive symptoms (d =.24) and anxiety symptoms (d
=.25) relative to the mood-monitoring only control. Specifically, there were reductions in
rumination (b =3.20; £69.86) = 3.53, p< .001) and depressive symptoms (6 =1.85; #70.32)
= 2.95, p =.005) in the mindfulness group but not in the mood monitoring only control
group [for rumination, 6 =-0.69; (78.49) = —0.88, p =.380; for depressive symptoms, b =
-0.18; #(78.46) = —0.26, p =.792]. For anxiety symptoms, probing of effects separately by
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group revealed no significant effect for the mindfulness group (6 =2.50; #70.59) = 1.60, p =
.114) or the mood monitoring only control group (6 =-1.75; £(78.16) = -1.45, p =.150).

There were no significant Group x Time interactions for the multilevel models which
included all follow-up timepoints (all ps >.26; see Supplemental Table 1). Exploratory
analyses did reveal that the Group x Time interaction for rumination remained significant
through the first follow-up timepoint (i.e., 6-weeks post-intervention) but not the subsequent
two follow-ups (ps > .29).

Rumination as a Mediator of Change in Internalizing Symptoms—Our second
hypothesis was that the reduction in rumination resulting from the intervention would
mediate decreases in internalizing psychopathology during the follow-up period. When
examining mediation, there were significant indirect effects of condition on symptoms
through rumination (see Figure 3). Participants in the mindfulness condition had a greater
reduction in rumination following the intervention period, and this predicted a greater
reduction in depressive symptoms, anxiety symptoms, and parent-reported internalizing
symptoms during the 6-week follow-up. None of the 95% bootstrap confidence intervals
for the indirect effects (i.e., ab paths) overlapped zero, supporting mediation. There was no
evidence that condition influenced symptoms independent of its effect on rumination (ct
paths). Importantly, the reverse was not true, i.e., post-intervention symptom changes did
not mediate between-condition effects on rumination during follow-up, as all confidence
intervals overlapped zero (see Supplemental Fig. 1).

Clinical Significance

The reliable change index was calculated for post-intervention and for the end of the
follow-up period (see Supplemental Table 2). Odds ratios were calculated to examine
improvement (% reliable improvers in treatment group/% reliable improvers in comparison
group) and deterioration (% reliable deteriorators in treatment group/% reliable deteriorators
in comparison group). Odds ratios (OR) of 1.0 indicate an equal likelihood of reliable
change in both the treatment and control conditions, an OR > 1.0 indicates a greater
likelihood of reliable change in the treatment condition, and an OR < 1.0 indicates a lower
likelihood of reliable change in the treatment condition. There was a greater likelihood of
improvement in rumination, depressive symptoms, and anxiety symptoms in the mindfulness
condition compared to the control condition at post-intervention and at the end of the follow-
up period: rumination (ORs = 1.23,1.23), depressive symptoms (ORs = 1.50, 1.31), anxiety
symptoms (ORs = 3.25, 2.17). Furthermore, there was a greater likelihood of deteriorating
rumination, depressive symptoms, and anxiety symptoms in the control condition relative

to the mindfulness condition (ORs = .43-.50). There was no clinically significant change in
parent-reported internalizing symptoms in either condition.

Adverse Events

Please see Supplemental Table 3 for additional information related to the clinical trial,
including adverse events. Nine events were reported and only four appear related to the
study. All four of these events involved an increase in awareness of negative feelings during
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the intervention period, and there were two participants who reported this in each condition;
thus, it may be related to monitoring negative emotions.

Discussion

This RCT examined whether adolescents with elevated rumination assigned to a mindfulness
mobile app intervention three times per day for three weeks would show reductions in trait
rumination compared to adolescents assigned to a mood monitoring only control. We found
support for our hypothesis, and the reduction in rumination seen in the mindfulness group
after the intervention lasted through the 6-week follow-up. Furthermore, the reduction in
rumination resulting from the intervention mediated group differences in symptom reduction
for depression, anxiety, and parent-reported internalizing. These results suggest that the
mindfulness mobile app was effective in targeting rumination, as expected, and in turn,
reduced internalizing symptoms among ruminative adolescents.

Targeting a Transdiagnostic Risk Factor

Given the high, increasing rates of internalizing symptoms among adolescents, our findings
suggest that this type of intervention could be a useful tool for adolescents with moderate-
to-high rumination. Rates of depression and anxiety are high among adolescents (Kessler
et al., 2005; Merikangas et al., 2010), with a recent cross-national review reporting a
25-31% prevalence of depression and/or anxiety among adolescents ages 10-19 (Silva

et al., 2020). Subclinical symptoms, which can confer risk for later diagnosis, also rise

in adolescence (Leadbeater et al., 2012). Furthermore, rates of internalizing symptoms
have risen in recent cohorts (e.g., Twenge et al., 2018), and this may be amplified by

the current global pandemic (e.g., Hawes et al., 2021). Given the high comorbidity rates
among disorders (e.g., depression and anxiety), researchers have argued for the importance
of focusing on transdiagnostic models of psychopathology (e.g., Insel et al., 2010).
Because our intervention successfully targeted a transdiagnostic risk factor for internalizing
psychopathology, i.e., rumination, it may have the potential to prevent the development of
psychopathology, especially if used by adolescents experiencing high levels of rumination
(see Webb et al., 2022). It will be important for future studies to test this intervention over
time using diagnostic interviews to examine whether it does in fact, prevent the onset of
depression and anxiety disorders.

Acceptability

In addition, this intervention may be especially acceptable for adolescents. In our previous
open label study, we found that adolescents enjoyed using the app and parents reported

that the app was enjoyable and beneficial for their adolescents (Hilt & Swords, 2021).
Furthermore, there were few adverse events reported in this trial or our previous one. The
four adverse events that appeared related to the study involved an increased awareness

of negative emotions. Because increased awareness of emotions is a goal of both

mood monitoring and mindfulness, these events, though mildly distressing, indicate the
intervention was working as intended. Because most interventions for internalizing problems
involve individual or group treatments led by highly-trained therapists (Weisz et al., 2017)
they may not be widely available; unfortunately, the majority of adolescents with depression
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and anxiety do not receive disorder-specific treatment (Merikangas et al., 2011). The present
study provides proof-of-concept that a brief, mobile app intervention is helpful in targeting
a transdiagnostic risk factor among adolescents. This is especially important given that

no other mindfulness mobile apps in the marketplace have been tested with children or
adolescents (Nunes et al., 2020). A recent survey found that 95% of adolescents own a
smartphone (Pew Research Center, 2018) and they spend over two-and- a-half hours per
day, on average, using it (Rideout, 2015), with some teens already seeking mental health
support on their phones (Rideout & Fox, 2018). Therefore, mobile mental health apps like
the CARE app can address critical gaps in service and are more accessible to adolescents
who may not find more intensive interventions acceptable or may not have access to them
due to barriers such as cost and long wait-lists (e.g., Gulliver et al., 2010). This approach is
innovative in its practicality on many levels (i.e., low cost, easy to access, widely available)
and may also be especially appealing to adolescents who consume much of their media

on mobile platforms. An important next step would be to examine the efficacy of this
intervention among adolescents with limited access to other mental health resources (e.g.,
those in low-income rural communities).

Role of Mood Monitoring and Assigning Exercises

Limitations

Another important avenue for future research involves the role of mood monitoring in the
mindfulness intervention. Findings from the present study suggested that brief mindfulness
exercises, paired with mood monitoring, were superior in reducing rumination compared

to mood monitoring only; yet, it is unclear whether mood monitoring itself is an essential
element of this intervention. This is important to understand, as most mindfulness apps

for youth involve guided audio exercises without mood monitoring (Nunes et al., 2020).
Mobile mood monitoring interventions have been found to help alleviate symptoms in
adolescents (Dubad et al., 2018), and in the present study, there was a main effect of time on
depressive symptoms during the follow-up period suggesting that mood monitoring, alone
and with mindfulness, reduced symptoms. Future research would benefit from comparing

a mindfulness-only condition to the mindfulness with mood monitoring one to better
understand the role of mood monitoring in the intervention. It is likely that mood monitoring
helps with mindfulness skill acquisition by increasing awareness of emotions, and this may
make the brief mindfulness exercises more impactful than if they were engaged in alone.

In addition to including mood monitoring, another feature of our app that differs from most
other mindfulness apps is the assignment of mindfulness exercises. Most apps allow users

to choose from a menu of exercises (Nunes et al., 2020), while the CARE app assigns
exercises. We designed the app in this way to better control the dose of mindfulness and also
to provide exercises when users may need them most.

Some limitations of the study are worth considering. First, it is important to note that the
trajectories of rumination and symptoms decreased in the mindfulness condition relative

to the control condition; however, the two groups ended up in the same place at the

end of the study, suggesting that consistent practice may be needed to maintain gains.
Second, participants were paid a bonus to use the app regularly, and it will be important for
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future research to examine app use without this incentive. Third, although the statistically
significant results are bolstered by the clinically significant results showing a greater
likelihood of improvement in the mindfulness condition, it will be important for future work
to replicate this effect. Finally, the generalizability of findings is also limited to adolescents
with elevated rumination. We were particularly interested in whether it could help this
population who are at-risk for the development of psychopathology. However, it would be
interesting to see if it could also have a protective effect among non-ruminative adolescents
and whether it would reduce rumination in adolescents with depression or anxiety diagnoses.

An important consideration in recommending this intervention in other populations, is that
some adolescents experienced a deterioration in rumination. Nearly half of the adolescents
in the mood monitoring only condition experienced clinically significant worsening of their
rumination at the end of the intervention period, and nearly one-quarter of adolescents in the
mindfulness intervention did as well. Thus, even though few adverse events were reported,
this intervention may not be indicated for all adolescents. Additional research examining
which adolescents may benefit from mood monitoring and mindfulness is needed (e.g.,Webb
et al., 2022), and care should be taken in recommending this app with a clinical population.

In sum, results from the present study suggests the CARE mobile mindfulness app is a
promising, brief, accessible intervention for ruminative adolescents. Future work is needed
to examine the extent of generalizability and understand the role of mood monitoring versus
mindfulness exercises. Doing so would help inform clinicians, parents, and adolescents
about the types of mindfulness apps that may be most useful in targeting rumination to
prevent the development of internalizing psychopathology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Observed Scores for Rumination, Depressive Symptoms, Anxiety Symptoms, and Parent-

reported Internalizing Symptoms Throughout the Study
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Figure 3.
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Table 1

Demographic Characteristics and Baseline Scores

Control (n = 80)

Mindfulness (n = 72)

n % Mean (SD) n % Mean df = 150

Age 13.66 (.86) 13.78 (.93)
Sex
Female 45  56.25% 44 61.11%
Male 35  43.75% 28  38.89%
Race
White 70 87.50% 55  76.39%
Black; African American 2 2.50 % 3 4.17%
Asian; Asian American 2 2.50% 1 1.39%
Native Hawaiian or Pacific Islander 0 0.00% 1 1.39%
Native American 0  0.00% 0  0.00%
Other 1 1.25% 1 1.39%
Multi-racial 5 6.25% 11 15.28%
Ethnicity

Non-Hispanic 73 91.25% 63 87.50%

Hispanic 7  875% 9 12.50%
Baseline Scores
Rumination 15.68 (8.16) 17.81 (9.73) 1.47
Depressive Symptoms 12.04 (7.72) 13.40 (8.77) 1.02
Anxiety Symptoms 50.84 (17.35) 53.47 (16.51) .96
Parent-Reported Internalizing 3.88 (2.45) 3.64 (2.38) .60
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