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Abstract

Introduction: There is accumulating evidence for the effectiveness of mindfulness-
based interventions in alleviating depressive symptoms. A crucial question is, how-
ever, whether mindfulness interventions are more effective for some individuals than
others, depending on individual characteristics before a mindfulness intervention.
We exploratorily investigated whether the effectiveness of school-based mindfulness
intervention against depressive symptoms is modified by executive functions,
rumination, and emotion regulation among adolescents.

Methods: The longitudinal data included adolescents with at least mild depressive
symptoms at the baseline (n =369, at the 6th-8th grade, 68.4% female) who were
randomized into a 9-week school-based mindfulness intervention group, into an
active control group receiving relaxation program, or into an inactive control group.
Adolescents' executive functions, rumination, and emotion regulation (i.e., accep-
tance, catastrophizing, and positive reappraisal) were assessed at the baseline; and
depressive symptoms at three time points (at the baseline and at 9-week and 6-month
follow-ups).

Results and Conclusions: In adolescents with at least mild depressive symptoms at
the baseline, high catastrophizing, high acceptance, and low executive functions were
found to increase the effectiveness of mindfulness-based intervention against
depressive symptoms. There seemed to be some sex differences. Thus, when aiming to
alleviate depressive symptoms, mindfulness-based intervention may possibly be more
effective for adolescents with high catastrophizing, high acceptance, and low executive
functioning (than for adolescents with the opposite dispositions). However, as this
study was exploratory by nature and corrections for multiple testing were not used,
the findings must be regarded as preliminary and need confirmation in further
studies.
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During the 2010s, the rate of depressive symptoms has been drastically increasing among adolescents, which seems to be
partly explained by an increased use of social media (Twenge et al., 2018). The prevalence of major depressive episodes is
approximately 11% (Mojtabai et al., 2016). Additionally, there is evidence that depressive symptoms are particularly state-
dependent in early adolescence, that is, depressive symptoms may emerge and disappear within comparatively short periods
of time (Holsen et al., 2000; Larson et al., 2002; Tram & Cole, 2006). In this way, adolescents are particularly susceptible to
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affective fluctuation. Further, adolescents with subclinical depression have a lower quality of life and a heightened risk for
developing a major depressive disorder (Bertha & Balazs, 2013; Saluja et al., 2004). Accordingly, it has been emphasized that
subclinical depression is a largely unrecognized health problem among adolescents and, thus, constitutes an important target
for school-based interventions (Bertha & Balazs, 2013; Saluja et al., 2004).

From the 2010s onwards, growing interest has been directed to mindfulness-based interventions, that is, whether
mindfulness training could help to protect against the emergence of depressive symptoms in adolescence. Among adults,
meta-analyses have concluded that mindfulness training is an effective treatment for depression (Khoury et al., 2013;
Spijkerman et al., 2016). Mindfulness-based interventions are found to effectively alleviate depressive symptoms in a variety
of adult populations: for example, in a nonclinical population-based sample (Querstret et al., 2018), college students
(Falsafi, 2016), primary care clinicians (Fortney et al., 2013), subjects with binge eating symptoms (Smith et al., 2006),
subjects with fibromyalgia (Sephton et al., 2007), subjects with substance use disorders (Witkiewitz & Bowen, 2010), subjects
with posttraumatic stress disorder (Colgan et al., 2016), and subjects with depressive disorder (Winnebeck et al., 2017).

Among adolescents, however, evidence has been rather inconclusive. While some randomized intervention studies have
indicated that mindfulness training effectively reduces depressive symptoms in adolescents (Raes et al., 2014; Schonert-Reichl
et al, 2015; E. M. Sibinga et al., 2016), other studies have resulted in null findings (Johnson et al., 2016; Lam, 2016;
Mendelson et al., 2010; E. M. S. Sibinga et al., 2013). Accordingly, a recent meta-analysis did not find evidence for the
effectiveness of mindfulness-based school interventions when aiming to reduce depression in adolescents (Caldwell
et al., 2019). Importantly, the meta-analysis also found moderate heterogeneity in the effectiveness of mindfulness inter-
ventions between different samples (Caldwell et al., 2019). It has been emphasized that individual differences may affect the
effectiveness of mindfulness training in school-based interventions (Carsley et al., 2018; Horowitz & Garber, 2006). Thus,
some subpopulations of adolescents may benefit from mindfulness-based interventions more than others. Identifying those
subpopulations could enhance possibilities for providing interventions the adolescents with highest likelihood to benefit from
mindfulness-based interventions.

To date, it has been found that effectiveness of mindfulness interventions is modified by the baseline level of depression,
gender, and practical implementation of mindfulness training. Specifically, students with lower (vs. higher) baseline levels of
depression may on average benefit more from mindfulness training (Raes et al., 2014). Further, females (vs. males) may
benefit more from mindfulness training including elements of enhancing self-compassion (Kang et al., 2018). In addition, the
quality of mindfulness activities and the training of an intervention leader are shown to have an impact on the effectiveness of
mindfulness training (Carsley et al., 2018).

It has remained unclear, however, whether dispositional traits could influence the receptivity and effectiveness of
mindfulness training among adolescents. Previous theoretical frameworks have suggested that three features may be es-
sentially related to the effectiveness of mindfulness training: executive functions (e.g., attention regulation), emotion reg-
ulation strategies (e.g., reappraisal, suppression), and frequency of negative emotions (e.g., rumination) (Cheung & Ng, 2019;
Holzel et al., 2011).

Regarding emotional regulation, conceptual frameworks have suggested that better emotion regulation skills may provide
better possibilities to react nonjudgmentally to affective reactions and repetitive thoughts (Hoélzel et al., 2011) that, in turn, is
required in successful mindfulness meditation (Leary & Tate, 2007). A longitudinal study from middle childhood to middle
age demonstrated that the repertoire of emotion regulation strategies is at smallest level in middle adolescence (Zimmermann
& Iwanski, 2014). Challenges in emotion regulation, in turn, are strongly associated with depression in adolescence (Silk
et al., 2003). Related to this, there is evidence that affective control, that is, a crucial component of emotion regulation
especially in adolescence (Schweizer et al., 2020), may reduce the effectiveness of mindfulness interventions (Sass et al., 2013).

With regard to executive functions, it has been postulated that mindfulness may have more favorable health effects
among those with better abilities on attention orientation and regulation: for example, if one is able to focus attention on
breathing or bodily feelings for a long period of time (Holzel et al., 2011). Appropriate attention regulation is suggested to
enhance one's capacity to benefit from mindfulness (Holzel et al., 2011). In adolescence, there may be individual differences
in executive functions. Specifically, studies in cognitive psychology and neuroscience have demonstrated that executive
functions are the skills that develop most slowly over age and may not likely reach a full maturation level before early
adulthood (Lenroot & Giedd, 2006; Romer et al., 2017). Lower level of executive functions, in turn, is related to an increased
risk for depression (Han et al., 2016). Further, mindfulness interventions are shown to affect the brain regions related to
executive functions (e.g., the prefrontal cortex and anterior cingulate cortex) (Lifshitz et al., 2019; Twenge et al., 2012).
Accordingly, one study suggested that low executive functions could possibly reduce effectiveness of mindfulness inter-
vention (Fung et al., 2019).

Regarding rumination, it has been suggested that rumination and mindfulness are partly opposite characteristics for each
other: mindfulness training aims to orient one's attention to the present moment, whereas rumination includes repetitive
(and typically judgmental) processing of the past distress (Parmentier et al., 2019). It is known that rumination typically
begins at the age of 12 years (Jose & Brown, 2008) and constitutes a substantial risk factor for depression (Rood et al., 2009).
Further, there is preliminary evidence that children who ruminate frequently (vs. less frequently) are differently affected by
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mindfulness-based interventions: for example, low rumination may predict a greater decline in aggression during inter-
vention (van de Weijer-Bergsma et al., 2014).

Taken together, differences in the level of executive functions, emotion regulation, and rumination could help explain the
differential effectiveness of mindfulness interventions among adolescents. To date, however, the topic has been rather under-
examined with very limited evidence. The current exploratory study used data from a randomized controlled trial (RCT)
where the adolescents were randomized into a 9-week school-based mindfulness intervention group, into an active control
group (i.e., relaxation program without mindfulness-related elements), or into an inactive control group (school curriculum
as usual without any intervention). Students' depressive symptoms were assessed at the three time points: at the baseline, at
the 9-week follow-up (at the end of the intervention), and at the 6-month follow-up. A previous study on this data set showed
that mindfulness intervention did not have a main effect on depressive symptoms in the full sample, but predicted lower
depressive symptoms in some subsamples (such as girls at the 7th grade) when compared to the active control group
(Volanen et al., 2020). That study, however, investigated only the modifying effects of age, gender, and continuing mind-
fulness practice at home on the effectiveness of mindfulness intervention, but not possible modifying effects of psychological
characteristics. The current study further investigated whether the effectiveness of school-based mindfulness intervention on
depressive symptoms is modified by three individual characteristics: executive functions, rumination, and emotion regulation
(i.e., acceptance, catastrophizing, or positive reappraisal). We focused on adolescents who had at least mild depressive
symptoms at the beginning of the intervention. We did not set hypotheses as the present study was exploratory by nature.

2 | METHODS
2.1 | Participants
The study used data from a cluster RCT with three study arms (retrospective registration: ISRCTN18642659). The main

results of the study have been reported previously (Volanen et al., 2020). The study design is illustrated in Figure 1. There
were altogether 247 eligible schools (from 14 municipalities from the Southern Finland) that were invited to participate in the

Invitation of schools (n = 247)

|

Randomization of the participating schools

(n=13519)
Mindfulness- Relaxation
: No
based program (active : :
: ; intervention
intervention control group) (n =385)
(n=1646) (n=1488)
TO: Baseline
(total n=2791,
in this study n = 2642)

l

T1: 9-week follow-up
(total n = 2625,
in this study n = 2492)

|

T2: 6-month follow-up
(total n=2312,
in this study n = 2204)

FIGURE 1 Study design. In this study, we included adolescents with RBDI values available in at least one measurement point (i.e., at TO, T9, or T26)
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study. From the invited schools, 56 (24%) participated in the study. The participants were Finns and aged between 12 and 15
years (6th, 7th, or 8th grade in the comprehensive school).

To control for socioeconomic factors, the schools were classified into three groups on the basis of school location and an
average apartment price per square meter (Volanen et al., 2016). Thereafter, eligible schools in each socioeconomic group
were randomly allocated into a mindfulness-based intervention (n = 94 classes), into an active control group who participated
in a relaxation program (n = 85 classes), or into an inactive control group who followed the school curriculum without any
interventions (n =31 classes). To blind each participant's intervention group, the participants were informed that they will
participate in a 9-week program called “Skills for Wellbeing.”

All the groups participated in a baseline measurement (T0) and two follow-up measurements at the end of the inter-
vention (9 weeks after the baseline) (T9), and 6 months postintervention (26 weeks after the baseline) (T26). A more detailed
description of the study design is available elsewhere (Volanen et al., 2016).

In this study, the main analyses were conducted among all the adolescents with at least mild depressive symptoms at
baseline (n =369). As additional analyses, the analyses were rerun in the full sample (n =2937).

2.2 | Mindfulness-based intervention

The mindfulness-based intervention consisted of a 9-week mindfulness-program .b (Stop and Breathe/Be) (Huppert &
Johnson, 2010). The aim of the intervention was to promote emotional awareness, sustained attention, and attentional and
emotional regulation. The .b-program included a 45-min group session every week during school hours and short home
practices (the participants were recommended to practice 5-6 times per week, approximately 3-15 min at a time). The .b
intervention practices were conducted by trained and certified mindfulness facilitators who had years of established
mindfulness meditation practice.

2.3 | Active control group: Relaxation program

Active control group participated in a 9-week standardized relaxation program called “Relax.” The frequency and duration of
the practices were similar to those of the mindfulness intervention group: a 45-min group session every week and short home
practices (the participants were recommended to practice 5-6 times per week). The control program included practices
related to, for example, stress management, sleeping quality, screen time, and experiential relaxation practices. The relaxation
practices were conducted by either certified school teachers or experienced leaders of well-being practices among adolescents.
The relaxation practices were aimed not to include any mindfulness-related elements. For more details, see Volanen
et al. (2016).

2.4 | Measures

Depressive symptoms were evaluated with a modified version of the Beck Depression Inventory (RBDI) (Beck et al., 1988). A
more detailed description of the modification is provided elsewhere (Raitasalo, 2007). The questionnaire included altogether
13 items that measured different depressive symptoms and were responded with a 4-point scale (0-3) according to the
severity of the symptoms. Due to ethical reasons, the item concerning suicidal ideation was removed. This did not affect the
psychometric properties of the scale (Kosunen et al., 2003). We calculated the sum of the items for each participant who had
responded to at least eight items. The responses were scaled so that higher values of RBDI referred to higher depressive
symptoms. The internal reliability of the RBDI has been found to be very good (Cronbach's « = 0.86) (Volanen et al., 2016),
and the RBDI has been used among adolescents in Finland also previously (Kaltiala-Heino et al., 1999).

Executive functions were measured with the Executive Functioning scale of the Viivi questionnaire (Korkman et al., 2004)
filled by the adolescents' parents. The questionnaire included altogether 25 items (e.g., “The child is often inattentive or
makes mistakes due to carelessness”; “The child has difficulties to follow given guidelines and to complete tasks”). The items
were responded with a 3-point scale (1 = does not apply; 2 = applies sometimes or to some extent; 3 = definitely applies). The
items measured four subdomains of executive functions: attention and concentration (9 items); hyperactivity and impulsivity
(9 items); passivity or hypoactivity (4 items); and organizing ability (3 items). We calculated the mean score of the items for
all the participants whose parents had responded to at least 70% of the items. The items were scaled so that higher values
referred to higher executive functions. A more detailed description of the questionnaire can be found elsewhere (Korkman
et al., 2004). The validity of the questionnaire has been found to be good previously (Bohlin & Janols, 2004). In this study, the
Cronbach's « coeflicient of executive functions was 0.92 (at the baseline measurement).
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Rumination was evaluated with the Rumination and Reflection Scale (Trapnell & Campbell, 1999) filled by the adoles-
cents. The scale included 12 items (e.g., “I am worried about many issues”; “I'm often unhappy, sad, or tearful”) that were
responded with a 5-point scale (1 = strongly disagree; 5 = strongly agree). The mean score of the items was calculated for all
the participants who had responded to at least 10 items. The items were scaled so that higher values referred to higher
rumination. The scale has been used also previously (Borders et al., 2010). In this study, the Cronbach's a coeflicient of
rumination was 0.88 (at the baseline).

Emotion regulation was assessed with The Cognitive Emotion Regulation Questionnaire (CERQ) (Jermann et al., 2006)
filled by the adolescent. The CERQ included a statement (“Sometimes it happens nice things and sometimes tough things in
life. When encountering tough things, how often do you have this kind of thoughts?”) that was followed by 16 items
measuring four different styles of stress regulation (each scale includes 4 items): (1) Acceptance (e.g., “I think that I have to
accept that this happened”; “I think that I must learn to live with it”); (2) Catastrophizing (e.g., “I often think that what I have
experienced is the worst that can happen to a person”; “I often think that what I have experienced is much worse than what
others have experienced”), and (3) Positive reappraisal (e.g., “I think I can learn something from the situation”; “I think that
the situation also has its positive sides”), (4) Rumination. The subscale of rumination was excluded because we also had a
separate and more comprehensive scale of rumination. The items were responded with a 5-point scale (from “never or very
rarely” to “always or almost always”). The sum of the items was calculated for all the participants who had responded to at
least three subscale items. Previously, internal reliability, predictive validity, and structural validity are found to be good
(Garnefski & Kraaij, 2007). In this study, baseline Cronbach's a coefficients were 0.78 for acceptance, 0.80 for catastrophizing
and 0.79 for positive reappraisal.

2.5 | Statistical analyses

Statistical analyses were performed with the SAS System for Windows 9.4 (SAS Institute Inc.). The main analyses were
conducted in the subsample of the participants with at least mild depressive symptoms (RBDI > 5, n =369) at the baseline.
Additionally, the analyses were conducted separately among girls and boys because there is evidence for gender differences in
the effectiveness of mindfulness interventions in this sample (Lassander et al., 2021) and also in other samples (de Vibe
et al.,, 2013; Kang et al., 2018). It has also been pointed out that more research is needed on gender differences in the context
of mindfulness-based interventions (Bluth et al., 2017).

The modifying effects of individual characteristics (executive functions, rumination, acceptance, catastrophizing, and
positive reappraisal) on the effectiveness of intervention on the 9-week and 26-week change in depressive symptoms were
analyzed with linear mixed models (to account for the clustered nature of the data). All the participants with RBDI data
available in at least one measurement point were included in the analyses. Maximum-likelihood estimation was used to
obtain unbiased and efficient parameter estimates for data with missing values. Models included random intercept to account
for the classroom-level variance and time as a repeated factor (using unstructured covariance structure). Models included the
main effects of gender, grade, group, time, modifier, and the two-way interaction effects of Modifier x Group, Modifier x
Time, Group x Time, and the three-way interaction effect of Modifier x Group x Time. The modifying effects of the factors
(executive functions, rumination, acceptance, catastrophizing, positive reappraisal) were tested with Modifier x Group x
Time intervention effect.

First, the analyses were conducted for boys and girls simultaneously (adjusted for age and sex). Next, the analyses were
rerun separately among girls and among boys (adjusted for age).

Bonferroni adjustment was used in pairwise comparisons between intervention and control groups. Two-sided statistical
tests with a significance level of 0.05 were used. No adjustments for multiple testing were done because this study was
exploratory by nature and corrections for multiple testing are shown to increase likelihood of type II errors (i.e., truly
important associations might be regarded as nonsignificant) (Perneger, 1998).

As additional analyses, we reran the analyses in the full sample to examine the associations also among those participants
with no depressive symptoms at the baseline (n =2937).

3 | RESULTS

The descriptive statistics of the study variables are presented in Table 1. There were altogether 368 adolescents (30.7% were
boys, 29.9% were at the 6th grade, 14.4% at the 7th grade, and 56.0% at the 8th grade). The inactive control group was
comparatively small (n = 46), especially with regard to boys (n =9). There were more adolescents in the intervention group
(n=166) and active control group (n=157).

The results of the main analyses are presented in Tables 1-3. The tables show the effect of each modifying factor
(executive functions, rumination, acceptance, catastrophizing, and positive reappraisal) on the change in depressive
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TABLE 1 The descriptive statistics of the study variables
Intervention group (n=166) Active control group (n=157) Inactive control group (n =46)
Frequency (%) Mean (SD) Frequency (%) Mean (SD) Frequency (%) Mean (SD)
Gender
Boys 57 (34.3) 47 (29.9) 9 (19.6)
Girls 109 (65.7) 110 (70.1) 37 (80.4)
School grade
6th grade 53 (31.9) 45 (28.7) 12 (26.1)
7th grade 21 (12.7) 14 (8.9) 18 (39.1)
8th grade 92 (55.4) 98 (62.4) 16 (34.8)
RBDI
Baseline 9.91 (5.88) 9.53 (5.31) 10.72 (5.63)
9-week follow-up 7.00 (6.65) 7.05 (6.17) 7.80 (7.56)
26-week follow-up 6.05 (6.69) 6.50 (7.10) 7.61 (7.14)

symptoms after 9 weeks and 26 weeks within the inactive control group, within the active control, and within the inter-
vention group, and the modifying effect of each factor on the effectiveness of intervention (intervention vs inactive control,
intervention vs. active control).

3.1 | Among all students with at least mild depressive symptoms (RBDI > 5) at baseline

Table 2 presents the results among participants with at least mild depressive symptoms (RBDI > 5) at the baseline. Age and
sex were controlled for in the analyses. A significant difference was found in the effect of acceptance on the change in
depressive symptoms after 9 weeks and after 26 weeks between the intervention group and the active control group
(relaxation program group) (p = 0.023 without correction for multiple testing) but not between the intervention group and
the inactive control group (teaching as usual). This indicated that, in students with at least mild depressive symptoms, high
acceptance slightly increased the effectiveness of mindfulness-based intervention compared to relaxation program (but not
compared to inactive control group) on depressive symptoms after 9 weeks and after 26 weeks. High acceptance was
associated with decrease in depressive symptoms after 9 weeks in the intervention group (p < 0.0001), while this association
was not significant in the active control group.

3.2 | Among girls with at least mild depressive symptoms (RBDI > 5) at baseline

Table 3 presents the results among girls with at least mild depressive symptoms (RBDI > 5) at the baseline. The analyses were
adjusted for age. A difference was found in the effect of catastrophizing on the change in depressive symptoms after 9 weeks
between the intervention group and the active control group (relaxation program group) (p = 0.0334 without correction for
multiple testing) but not between the intervention group and the inactive control group (teaching as usual). This indicated
that, in girls with at least mild depressive symptoms, high catastrophizing slightly increased the effectiveness of mindfulness-
based intervention compared to relaxation program (but not when compared to the inactive control group) on depressive
symptoms after 9 weeks. High catastrophizing was associated with decrease in depressive symptoms after 9 weeks in the
intervention group (p =0.0301), while this association was not significant in the active control group.

3.3 | Among boys with at least mild depressive symptoms (RBDI > 5) at baseline

Table 4 presents the results among boys with at least mild depressive symptoms (RBDI > 5) at the baseline. The analyses were
adjusted for age. A difference was found in the effect of executive functions on the change in depressive symptoms after
9 weeks between the intervention group and the active control group (relaxation program group) (p =0.0329 without
correction for multiple testing) but not between the intervention group and the inactive control group (teaching as usual).
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TABLE 2 The modifying effects of students' psychological characteristics on the effectiveness of mindfulness intervention on depressive symptoms
(among students with RBDI > 5 at baseline)

9-week change

26-week change

Modifying variable Estimate 95% CI Estimate 95% CI P
Executive functions®
0 -0.271 (~1.103; 0.560) 0.5208 —-0.562 (—1.640; 0.517) 0.3056
Cont -0.496 (-0.901; —0.091) 0.0167 -0.324 (—0.808; 0.159) 0.1878
Int 0.072 (=0.303; 0.447) 0.7055 -0.201 (—0.644; 0.242) 0.3728
Int versus 0 0.343 (—0.701; 1.388) 0.9180 0.361 (—0.974; 1.696) 1.0000
Int versus Cont 0.568 (—0.064; 1.199) 0.0877 0.123 (—0.628; 0.874) 1.0000
Rumination”
0 -0.009 (-0.292; 0.274) 0.9506 0.259 (=0.096; 0.614) 0.1518
Cont 0.095 (—0.047; 0.238) 0.1896 0.127 (—0.036; 0.290) 0.1272
Int 0.046 (—0.085; 0.177) 0.4916 0.023 (—0.143; 0.190) 0.7825
Int versus 0 0.055 (=0.302; 0.412) 1.0000 -0.236 (—0.685; 0.213) 0.4752
Int versus Cont -0.049 (-0.271; 0.173) 1.0000 -0.103 ('-0.370; 0.164) 0.7681
Acceptance”
0 -0.099 (—0.803; 0.604) 0.7810 -0.109 (—0.942; 0.724) 0.7968
Cont -0.114 (-0.441; 0.214) 0.4952 -0.03 (=0.391; 0.330) 0.8690
Int -0.687 (—0.987; —0.388) <0.0001 -0.754 (-1.117; —0.390) 0.0001
Int versus 0 —-0.588 (—1.463; 0.287) 0.2625 —-0.645 (—1.685; 0.396) 0.3277
Int versus Cont -0.573 (-1.082; —-0.065) 0.0230 -0.723 (-1.310; -0.137) 0.0116
Catastrophizing”
0 -0.119 (—0.586; 0.348) 0.6160 -0.052 (—0.604; 0.501) 0.8544
Cont -0.118 (-0.420; 0.185) 0.4455 0.066 (—0.284; 0.417) 0.7090
Int —-0.240 (—0.489; 0.009) 0.0591 -0.172 (—0.491; 0.146) 0.2877
Int versus 0 -0.121 (—0.726; 0.485) 1.0000 -0.121 (—0.851; 0.609) 1.0000
Int versus Cont -0.122 (=0.571; 0.326) 1.0000 -0.239 (=0.781; 0.303) 0.6431
Positive reappraisalh
0 -0.115 (=0.555; 0.325) 0.6066 0.063 (—0.455; 0.581) 0.8117
Cont 0.082 (—0.181; 0.345) 0.5390 0.201 (=0.091; 0.493) 0.1769
Int 0.101 (=0.153; 0.354) 0.4350 0.227 (=0.075; 0.529) 0.1397
Int versus 0 0.216 (—0.365; 0.797) 0.8064 0.164 (—0.522; 0.851) 1.0000
Int versus Cont 0.019 (—0.400; 0.437) 1.0000 0.026 (—0.455; 0.507) 1.0000

Note: The estimates in the row “Int versus Cont” refer to the difference in the effect of each modifying factor on the change in depressive symptoms between the intervention group
and the active control group. That is, if estimate is positive, it means that a high value in the modifying variable predicted a stronger increase in depressive symptoms at the follow-
up point in intervention group (vs. control group). Instead, if estimate is negative, it means that having a high value in the modifying variable predicted a greater decrease in
depressive symptoms at the follow-up point in intervention group (vs. control group). The estimates in the row “Int versus 0” refer to the difference in the effect of each modifying
factor on depressive symptoms between the intervention group and the inactive control group.

Abbreviations: 0, inactive control group; Cont, active control group (relaxation group); Int, mindfulness intervention group.

“Estimates for 0.1-unit increase in the modifying variable.

"Estimates for 1-unit increase in the modifying variable.
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TABLE 3 The modifying effects of girls' psychological characteristics on the effectiveness of mindfulness intervention on depressive symptoms (among

girls with RBDI > 5 at baseline)

9-week change 26-week change
Modifying variable Estimate 95% CI p Estimate 95% CI p
Executive functions®
0 —-0.243 (~1.060; 0.573) 0.5573 -0.703 (-1.837; 0.431) 0.2228
Cont -0.179 (=0.697; 0.340) 0.4975 -0.321 (—0.878; 0.237) 0.2574
Int -0.154 (-0.578; 0.269) 0.4722 -0.459 (=0.969; 0.050) 0.0769
Int versus 0 0.089 (—0.965; 1.143) 1.0000 0.244 (-1.181; 1.669) 1.0000
Int versus Cont 0.024 (—0.743; 0.791) 1.0000 -0.139 (~1.004; 0.726) 1.0000
Rumination®
0 -0.012 (-0.283; 0.259) 0.9297 0.261 (-0.101; 0.624) 0.1571
Cont 0.116 (—0.052; 0.284) 0.1737 0.064 (—0.132; 0.260) 0.5214
Int -0.139 (=0.311; 0.034) 0.1153 0.092 (=0.133; 0.317) 0.4211
Int versus 0 -0.126 (—0.495; 0.242) 0.8778 -0.169 (=0.658; 0.320) 0.8707
Int versus Cont -0.255 (-0.530; 0.021) 0.0764 0.028 (-0.314; 0.370) 1.0000
Acceptance”
0 -0.109 (—0.853; 0.635) 0.7738 -0.383 (-1.328; 0.562) 0.4252
Cont -0.106 (—0.468; 0.256) 0.5642 0.122 (—0.283; 0.526) 0.5528
Int -0.507 (-0.860; —0.153) 0.0052 -0.319 (-0.780; 0.143) 0.1752
Int versus 0 -0.398 (—1.341; 0.545) 0.6841 0.064 (—1.140; 1.269) 1.0000
Int versus Cont -0.401 (—0.980; 0.179) 0.2403 -0.440 (-1.143; 0.263) 0.3171
Catastrophizing”
0 -0.187 (—0.663; 0.288) 0.4381 -0.114 (=0.710; 0.482) 0.7070
Cont 0.246 (-0.115; 0.607) 0.1809 0.327 (=0.099; 0.752) 0.1315
Int -0.319 (~0.608; —0.031) 0.0301 -0.143 (~0.536; 0.251) 0.4755
Int versus 0 -0.132 (=0.769; 0.505) 1.0000 -0.029 (—0.847; 0.789) 1.0000
Int versus Cont -0.565 (-1.094; —-0.036) 0.0334 —-0.469 (-1.133; 0.194) 0.2236
Positive reappraisalh
0 -0.217 (—0.653; 0.218) 0.3266 0.065 (—0.477; 0.607) 0.8139
Cont -0.095 (—0.388; 0.197) 0.5226 0.112 (-0.210; 0.434) 0.4951
Int -0.003 (=0.297; 0.292) 0.9860 0.354 (=0.018; 0.726) 0.0621
Int versus 0 0.215 (—0.388; 0.817) 0.8440 0.289 (—0.464; 1.042) 0.7734
Int versus Cont 0.092 (—0.383; 0.568) 1.0000 0.242 (=0.321; 0.806) 0.6651

Note: The estimates in the row “Int versus Cont” refer to the difference in the effect of each modifying factor on the change in depressive symptoms between the intervention group
and the active control group. That is, if estimate is positive, it means that a high value in the modifying variable predicted a stronger increase in depressive symptoms at the follow-
up point in intervention group (vs. control group). Instead, if estimate is negative, it means that having a high value in the modifying variable predicted a greater decrease in
depressive symptoms at the follow-up point in intervention group (vs. control group). The estimates in the row “Int versus 0” refer to the difference in the effect of each modifying
factor on depressive symptoms between the intervention group and the inactive control group.

Abbreviations: 0, inactive control group; Cont, active control group (relaxation group); Int, mindfulness intervention group.

“Estimates for 0.1-unit increase in the modifying variable.

PEstimates for 1-unit increase in the modifying variable
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TABLE 4 The modifying effects of boys' psychological characteristics on the effectiveness of mindfulness intervention on depressive symptoms (among

boys with RBDI > 5 at baseline)

9-week change 26-week change
Modifying variable Estimate 95% CI 4 Estimate 95% CI P
Executive functions®
0 -0.100 (—2.781; 2.581) 0.9409 —-0.283 (-3.179; 2.613) 0.8458
Cont —-0.654 (-1.417; 0.109) 0.0912 0.005 (—0.937; 0.948) 0.9910
Int 0.737 (=0.092; 1.565) 0.0805 0.350 (-0.568; 1.267) 0.4493
Int versus 0 0.836 (—2.389; 4.062) 1.0000 0.633 (—2.858; 4.123) 1.0000
Int versus Cont 1.391 (0.096; 2.686) 0.0329 0.344 (-1.167; 1.855) 1.0000
Rumination®
0 —-0.046 (~1.080; 0.988) 0.9301 0.265 (-0.812; 1.341) 0.6262
Cont -0.100 (-0.372; 0.171) 0.4652 0.101 (—0.196; 0.399) 0.5004
Int 0.237 (—0.006; 0.480) 0.0562 -0.153 (—0.450; 0.144) 0.3081
Int versus 0 0.283 (=0.937; 1.502) 1.0000 -0.418 (-1.699; 0.863) 0.9176
Int versus Cont 0.337 (-0.081; 0.755) 0.1387 -0.255 (=0.737; 0.227) 0.4641
Acceptance”
0 0.192 (-1.812; 2.197) 0.8493 0.756 (-1.206; 2.718) 0.4458
Cont —-0.346 (-1.015; 0.323) 0.3076 -0.661 (-1.362; 0.039) 0.0639
Int -0.975 (-1.512; -0.439) 0.0005 -1.410 (-1.965; —0.856) <0.0001
Int versus 0 -1.168 (—3.548; 1.212) 0.5335 -2.167 (—4.506; 0.172) 0.0750
Int versus Cont -0.629 (-1.613; 0.354) 0.2968 -0.749 (-1.774; 0.276) 0.1983
Catastrophizing”
0 0.027 (-1.147; 1.201) 0.9635 0.125 (-1.122; 1.371) 0.8431
Cont -0.540 (-1.066; —0.014) 0.0445 -0.213 (-0.811; 0.385) 0.4809
Int -0.175 (—0.632; 0.282) 0.4493 -0.233 (=0.770; 0.305) 0.3922
Int versus 0 -0.202 (—1.646; 1.242) 1.0000 -0.357 (-1.914; 1.199) 1.0000
Int versus Cont 0.365 (—0.434; 1.164) 0.6015 -0.020 (—0.941; 0.902) 1.0000
Positive reappraisalh
0 0.328 (—0.963; 1.619) 0.6153 0.073 (-1.307; 1.452) 0.9169
Cont 0.298 (=0.221; 0.817) 0.2565 0.339 (-0.273; 0.952) 0.2740
Int 0.266 (=0.199; 0.730) 0.2586 0.078 (—0.444; 0.599) 0.7684
Int versus 0 -0.062 (-1.636; 1.512) 1.0000 0.005 (-1.687; 1.697) 1.0000
Int versus Cont -0.033 (—0.832; 0.767) 1.0000 -0.262 (-1.185; 0.661) 1.0000

Note: The estimates in the row “Int versus Cont” refer to the difference in the effect of each modifying factor on the change in depressive symptoms between the intervention group
and the active control group. That is, if estimate is positive, it means that a high value in the modifying variable predicted a stronger increase in depressive symptoms at the follow-
up point in intervention group (vs. control group). Instead, if estimate is negative, it means that having a high value in the modifying variable predicted a greater decrease in
depressive symptoms at the follow-up point in intervention group (vs. control group). The estimates in the row “Int versus 0” refer to the difference in the effect of each modifying
factor on depressive symptoms between the intervention group and the inactive control group.

Abbreviations: 0, inactive control group; Cont, active control group (relaxation group); Int, mindfulness intervention group.

“Estimates for 0.1-unit increase in the modifying variable.

"Estimates for 1-unit increase in the modifying variable.
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This indicated that, in boys with at least mild depressive symptoms, low executive functions slightly increased the effec-
tiveness of mindfulness-based intervention compared to relaxation program (but not when compared to the inactive control
group) on depressive symptoms after 9 weeks. The results, however, must be treated with caution since the group size of boys
in the inactive control group was small (n=9).

3.4 | Supplementary analyses: Including also students with none or very mild depressive
symptoms at baseline

As supplementary analysis, we reran the analyses among students with any rate of depressive symptoms (including also
students with none or very mild depressive symptoms at baseline) (n =2937).

Supporting Information Material shows the results among all students (Table S1), among girls (Table S2), and among
boys (Table S3) with any rate of depressive symptoms at baseline. Among all students or among girls, no significant
differences were found in the effect of the modifying factors on depressive symptoms either between the intervention group
and the active control group (i.e., relaxation program group) or between the intervention group and the inactive control
group (teaching as usual). That is, in the full sample or among girls, none of the factors under investigation (executive
functions, rumination, acceptance, catastrophizing, positive reappraisal) modified the effectiveness of mindfulness-based
intervention on depressive symptoms.

Among boys, a significant difference was found in the effect of acceptance on the change in depressive symptoms after 9
weeks between the intervention group and the active control group (relaxation program group) (p =0.0141 without cor-
rection for multiple testing) but not between the intervention group and the inactive control group (teaching as usual). This
indicated that high acceptance increased the effectiveness of mindfulness-based intervention (vs. relaxation program) on
depressive symptoms after 9 weeks among boys. High acceptance was associated with decrease in depressive symptoms after
9 weeks in the intervention group (p =0.0017), while this association was not significant in the active control group.

4 | DISCUSSION

This exploratory study identified three characteristics that may possibly increase the effectiveness of mindfulness intervention
when aiming to reduce depressive symptoms in adolescents with at least mild depressive symptoms at baseline. This study
was exploratory by nature, however, and the findings should be regarded as preliminary and need confirmation in further
studies. First, we found that high acceptance may increase the effectiveness of mindfulness-based intervention (vs. relaxation
program) on depressive symptoms after 9 weeks and after 26 weeks. Second, among boys, low executive functions may
increase the effectiveness of mindfulness-based intervention (vs. relaxation program) on depressive symptoms after 9 weeks.
Third, among girls, high catastrophizing may be associated with the effectiveness of mindfulness-based intervention (vs.
relaxation program) on depressive symptoms after 9 weeks. Overall, the results provide preliminary evidence that the
effectiveness of mindfulness intervention may be modified by individual differences in executive functions, rumination,
acceptance, and catastrophizing. Nevertheless, as this study was exploratory and we did not use correction for multiple
testing because it could have increased risk for type II error (Perneger, 1998), the findings should be treated with caution and
more research is needed to draw any firm conclusions.

By definition, high acceptance refers to regulating emotions by accepting an on-going or previous situation and learning
to live with it (i.e., consumes no effort to changing, suppressing, or controlling one's affective states) (Kohl et al., 2012). To
date, there is evidence that the effectiveness of mindfulness interventions may be partially explained by alterations in
acceptance levels (Cheung & Ng, 2019; Lindsay & Creswell, 2019). Our study, in turn, tentatively suggested that adolescents
with high acceptance at baseline benefited more from the mindfulness than control intervention, in terms of reduced
depressive symptoms. This was the most robust finding of our study since acceptance modified the effectiveness of mind-
fulness intervention at both 9-week and 6-month follow-ups. Interestingly, there is evidence that the effectiveness of
compassion-related interventions is modified by one's attitudes toward compassion (Kirby et al., 2019). Similarly, it may be
that high acceptance facilitates one's involvement in mindfulness-related practices that, in turn, enhances the effectiveness of
mindfulness intervention.

Executive functioning may potentially be a trait that differentially modifies the effectiveness of mindfulness intervention
among adults versus adolescents. Specifically, among adults, impulsivity is related to a decreased tendency to act with
awareness during a mindfulness intervention (Maltais et al., 2020). This study among adolescents, in turn, found that boys
with low executive functions at baseline (i.e., inattentiveness, carelessness, tendency to make mistakes, difficulties to follow
guidelines and complete tasks) may reduce their depressive symptoms after the mindfulness-based intervention less than
those in the relaxation intervention. It is necessary to consider, however, that this finding must be regarded as preliminary
and needs confirmation in further studies. In other studies, mindfulness-based interventions are reported to effectively
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reduce impulsivity among adolescents (Franco et al., 2016) but not among adults (Korponay et al., 2019). The stronger
relationship between mindfulness training and executive functioning in adolescents may be partly explained by the ma-
turation level of prefrontal brain regions: the frontal lobes have not reached their highest level of maturation yet in
adolescence (Lenroot & Giedd, 2006), and mindfulness training is shown to enhance the functioning of the prefrontal regions
(Ives-Deliperi et al., 2011; Lutz et al., 2014).

Our results suggested that the effectiveness of the mindfulness intervention may possibly be higher in girls with high (vs.
low) tendency to catastrophizing (e.g., beliefs that one's experiences are the worst that can happen in life). This is in
accordance with a previous study showing that mindfulness intervention alleviates mental distress more effectively in
students with high (vs. low) neuroticism (de Vibe et al., 2015). It is possible that individuals with high neuroticism or a strong
tendency to catastrophizing may experience strong affective states easily and frequently. This, in turn, is related to directing
attention to emotions and having clearer conceptions of affective states (Thompson et al., 2009) that are typically in the focus
of mindfulness interventions. However, as our sample was comparatively small and we did not use corrections for multiple
testing, further studies are needed on this topic.

Contrary to our expectations, high rumination at baseline may not modify the effectiveness of the mindfulness inter-
vention. This result may have several explanations. First, depressive symptoms include an individually varying and het-
erogeneous set of affective symptoms, somatic distortions, and difficulties in the level of functioning in every-day life.
Previous studies suggest that rumination may differentially modify the effectiveness of mindfulness intervention against
various symptoms (such as anger or aggression) (van de Weijer-Bergsma et al., 2014). In adolescence, depressive symptoms
commonly include irritability or anger (APA, 2013) but, in this study, we did not examine different sets of depressive
symptoms separately. Second, as rumination typically begins at 12 years of age but there is also individual variation (Jose &
Brown, 2008), some of the youngest participants in our sample (aged 12 years) may have slightly under-reported their
dispositional tendency to rumination. Finally, since rumination is typical for depressive symptoms, there may be some
overlap between the rumination and depression questionnaires.

Regarding study limitations, this study was based on a school-based intervention for school-aged children and
adolescents (aged between 12 and 15 years) who had mostly mild and nonclinical depressive symptoms. Hence, the
results cannot be directly generalized other age groups or populations with clinical depressive disorders. Second, as
this study was exploratory by nature and our sample was comparatively small, we did not use correction for multiple
testing. This was done to reduce likelihood for type II error (i.e., dismissing truly important findings). Hence, the
results must be regarded as preliminary and more research is needed in larger samples to test the robustness of the
associations. Third, the inactive control group was comparatively small (n = 46), especially with regard to boys (n=9).
Hence, the results concerning boys in the inactive control group must be regarded as preliminary, and more research
is needed in larger samples.

Additionally, in our data, executive functioning, rumination, and emotion regulation were assessed only at the baseline.
Those traits, however, may change during mindfulness interventions to some degree (Chi et al., 2018). For example, there
may be developmental changes in executive functioning, evoked by, for example, environmental factors (Friedman
et al., 2016). Furthermore, emotion regulation strategies are found to change over teenage years, including a decrease in
adaptive regulation strategies between the ages of 11-15 years (Cracco et al., 2017; Zimmermann & Iwanski, 2014). Hence,
studies with repeated measurements of these characteristics are needed.

Finally, it is necessary to note that most of the effects of the mindfulness intervention on depressive symptoms
were evident only after 9 weeks but not after 26 weeks. It has been common also previously that the effects of
mindfulness-based interventions have not been evident on long-term outcomes after the intervention has ceased (Chi
et al., 2018; Eisendrath et al., 2016). One reason for this may be a lack of statistical power at follow-ups, as has been
suggested previously (Chi et al., 2018). Also, our sample was comparatively under-powered so that stronger mod-
eration effects could likely be obtained in larger samples. Nevertheless, it is a crucial question whether the long-term
effectiveness of mindfulness-based interventions could be somehow enhanced. Future studies could further in-
vestigate whether the training sessions should be slightly longer (in this study, the home sessions last for 3-15 min) or
more strongly linked to a participants' daily routines (to ensure continuity of mindfulness training). Indeed, there is
evidence that home practice is related to intervention outcomes (Parsons et al., 2017) and, in this intervention, the
amount of continued home practice was suboptimal among most participants (Beattie et al., 2020). Importantly, the
long-term effects of mindfulness training could also be enhanced by providing the intervention for specific subgroups
of adolescents who would most benefit from the intervention.
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