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Abstract

Emotion Regulation refers to the process of controlling our emotions. However, the brain
regions which are involved in emotional processes, such as the prefrontal cortices, are the last
regions to be developed throughout the human brain. Those who are most affected by this slow
development are adolescents especially since they undergo hormonal and neural changes.
Previous research has shown mindfulness meditation improves emotional stability and
inhibitory control. Since our brain is not fully developed until the age of 25, it is particularly
interesting to get knowledge of the effect of mindfulness on emotion regulation in adolescents,
which is the aim of this thesis. A total of three studies met the inclusion criteria and were
included in this systematic review. The results showed a larger reaction in the amplitude of P2,
N2, and late positive potentials on both negative and positive stimuli but not neutral stimuli.
Differences were observed in the high vs low mindfulness adolescents in frontal EEG
asymmetry during emotion regulation tasks. These findings suggest that even brief
mindfulness can have a positive effect on emotion regulation processes by enhancing pre-
frontal cortices. These findings contribute to the understanding of whether mindfulness affects
emotional regulation in a developing brain. However, future research is needed to clarify the

effects of mindfulness on emotion regulation in adolescents.

Keywords: mindfulness, adolescence, electroencephalography, trait mindfulness,

emotion regulation
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The Effect of Mindfulness on Emotion Regulation During Adolescence

People may experience strong emotions in unsuitable situations which could possibly
lead to negative consequences. To prevent this from happening individuals use emotion
regulation (Gross, 1998). Emotions have a central role in our lives - they help us respond
effectively to challenges or great opportunities coming our way (Ford & Gross, 2018; Gross,
1999). When an individual consciously or non-consciously decides whether a stimulus has
positive or negative effects it sets off cognitive, subjective, physiological, and motor changes,
resulting in a reaction (Etkin et al., 2015). There are two age-old debates, where the first debate
relates to whether emotions are purely good (e.g., useful and desirable) or bad (e.g., useless
and harmful) (Ford & Gross, 2018, 2019). The second debate is whether our emotions are
uncontrolled (e.g., emerging without our permission and leaving on their own) versus
controlled (e.g., regulated to our wishes) (Ford & Gross, 2018, 2019). A process for controlling
and influencing individuals' expression and experiences is referred to as emotion regulation
(Ford & Gross, 2018). There are two common strategies of emotion regulation - suppression
and reappraisal (Gross, 2002). Suppression is a type of emotion regulation strategy that
involves inhibiting or controlling the outward expression of emotion to avoid negative
consequences in social situations (Gross, 2002). Reappraisal, on the other hand, involves
changing the way an individual thinks about a situation to regulate their emotional response.
This strategy involves reinterpreting the meaning of a situation in a way that reduces the

emotional impact of the event (Gross, 2002).

Emotion regulation can be enhanced by developing the ability to attend to both internal
and external circumstances with the help of mindfulness (Shapiro et al., 2018). The skills in
mindfulness can help individuals divert their focus away from distressing emotional triggers
(Gross, 2014). Ahmed et al. (2015) suggest that while there exists a diverse array of strategies
to regulate emotions, adolescents may experience a narrower range of these strategies. This
could be due to insufficient practice or that they require more advanced executive function
and/or social cognition skills. These have been shown to develop continuously during

adolescence (Ahmed et al., 2015), especially as they are getting more experience in peer-



THE EFFECT OF MINDFULNESS ON EMOTION REGULATION 4

focused contexts (Desatnik et al., 2017). Furthermore, Lamm and Lewis (2010) suggest as
adolescents mature, their prefrontal cortex becomes more efficient, which subsequently results
in a better ability to regulate their emotions. Adolescents may employ expressive suppression

more frequently due to its perceived efficacy in uncertain situations (Desatnik et al., 2017).

Adolescence and The Developing Brain

The period of life between childhood and adulthood is referred to as the adolescence
phase (Sawyer et al., 2018) which is characterized by both hormonal and neural changes
(Amada & Shane, 2019), together with challenges that are perceived as intense such as social
rejection and academic stress (Gross, 2014). There are different definitions for the ages during
adolescence. According to the World Health Organization (WHO) (n.d.), the age of an
individual during adolescence are the ages between 10 to 19. Whereas Chan and Marinellie
(2008) describe the different age stages as; pre-adolescent 10-12, young adolescents 13-15, and

older adolescents 16-18.

Adolescence is generally regarded as a positive phase of life, despite being characterized
by emotional turbulence with neuronal reorganization and functional changes (Deng et al.,
2020). Research has been conducted, which shows there are differences in prefrontal cortex
maturity in relation to the brain regions that support bottom-up processing compared to the
brain regions in top-down processing (Amada & Shane, 2019). Due to this, adolescents are
particularly prone to engaging in risky behavior, which can make them appear unstable,
(Ahmed et al., 2015; Amada & Shane, 2019; Sanger & Dorjee, 2015), particularly when the
decision is emotionally driven or rushed, and the rewards are notable. Subcortical structures
supporting the bottom-up process are the ventral striatum, the amygdala, and the
hippocampus, each engaged in specific processes such as reward processing, emotional

processing, and novelty processing (Amada & Shane, 2019).

Many features of adolescents’ emotional experiences are largely influenced by their

ability to regulate their emotions (Gross, 2014). Further challenges that adolescents face
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involve the processes of self-regulation, volitional actions, and attention shifting due to the fact
that these processes are supported by the prefrontal cortex (Amada & Shane, 2019). The
prefrontal cortex is responsible for attention control and is vital for regulating emotions
through the inhibition, shifting, and monitoring of attention (Sanger & Dorjee, 2015).
Furthermore, the prefrontal cortex is able to inhibit the outputs from the amygdala and
regulate the output, but this connection develops at a slow pace limiting the capabilities of
emotion regulation in adolescents (Amada & Shane, 2019). In addition, this means that the
ability to regulate emotions through attention processes is subject to changes during

adolescence, indicating that emotion regulation is a dynamic process (Sanger & Dorjee, 2015).

Emotion Regulation Strategies

Emotion regulation is defined as the process of trying to control our own or another's
emotions (McRae & Gross, 2020) and even influencing which emotion to have, when, and how
you have them as an individual (Wante et al., 2018). Gross (1998) suggests that there are two
different ways to regulate one's emotions; antecedent-focused emotion regulation, such as
reappraisal which means that the individual can re-evaluate their emotions about the situation
(Gross, 1998). The second one is referred to as response-focused emotion regulation, such as
suppression which prevents the individual from expressing their internal emotions (Gross,
1998). McRae and Gross (2020) suggest that reappraisal is more adaptive and effective,
assisting individuals to reflect on the situation and regulating their emotional response.
Frequently using reappraisal is suggested to have several positive outcomes such as better
physical health, increased positive social outcomes, improved well-being (McRae & Gross,
2020) as well as better executive functioning, and improved inhibitory control in adolescents'
daily life (Lantrip et al., 2016). On the contrary, frequently suppressing emotions is related to
decreased well-being and reduced relationship satisfaction (McRae & Gross, 2020), and is
furthermore associated with stress (Moore et al., 2008). It is suggested that several brain
regions are involved in emotion regulation such as the dorsolateral - and ventrolateral

prefrontal cortex, anterior cingulate cortex (which contributes to the executive control
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process), and the parietal cortex (a part of the frontoparietal executive network which
activation is associated with reappraisal) (Etkin et al., 2015). Additionally, the temporal
parietal junction is activated during task-unrelated cognitions or mind wandering
(Malinowski, 2013). Etkin et al. (2015) mention brain regions such as the amygdala (emotional
and motivational processes), ventral striatum (various levels of contextual information), and
dorsal- and anterior cingulate cortex which are emotion-related brain regions, involved in the

process of emotion regulation.

Moreover, due to the unmatured prefrontal cortex in adolescents, it limits their
capabilities of emotion regulation (Amada & Shane, 2019). According to Deng et al. (2021),
mindfulness may have a positive impact on emotion regulation by enhancing prefrontal
functioning during changes in emotional responses, particularly when it comes to reappraisal.
Resulting in reduced negative reactivity to emotional stimuli along with improved cognitive

flexibility and inhibitory control during emotion regulation (Deng et al., 2021).

Mindfulness

Mindfulness originates as the “heart” (Kabat-Zinn, 2003) and a central concept
(Pallozzi et al., 2017) of Buddhist meditation as a factor from Buddha's training (Gross, 2014;
Kabat-Zinn, 2003). Furthermore, one common definition of mindfulness is “the awareness
that emerges through paying attention on purpose, in the present moment, and non-
judgementally to the unfolding of experience moment by moment.” (Kabat-Zinn, 2003, pp.
145). New research demonstrates that a high level of trait mindfulness in adolescence has a
positive effect on emotion regulation (Deng et al., 2020). The practice of state mindfulness
meditation (non-judgemental awareness and attention to moment-by-moment without
fixation on thoughts (Kiken et al., 2015)) over time is prone to increase the individual trait of
mindfulness, in terms of being mindful in daily life (Kiken et al., 2015). The term trait of
mindfulness is described as “one’s predisposition to be mindful in daily life” (Kiken et al., 2015,

pp. 41). Disposition is a term often used interchangeably with personality traits, referring to
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enduring and stable characteristics (Rau & Williams, 2016). It has been shown that high traits
of mindfulness are characteristic qualities of self-regulation and attention, higher quality of
life, and less reactivity towards negative emotional stimuli (Deng et al., 2021). Further studies
have shown that mindfulness meditation (exercise for mind and body mostly by focusing on
the present moment) (Wu et al., 2019) is associated with increased activity in the prefrontal
cortex, anterior cingulate cortex, and insula, which are brain regions involved in attention and
emotional regulation (Holzel et al., 2007). Furthermore, Wu et al. (2019) assess the positive
effects of brief mindfulness meditation (15 min per day for seven days). The results revealed
that brief mindfulness meditation improved various aspects of emotion processing, such as the
intensity of the emotion and emotional memory without negative effects on the participants'
emotions (Wu et al.,, 2019). In addition, brief breath-focused mindfulness (BFM) (a
mindfulness-based intervention consisting of focus on breath) also showed a decrease in the
intensity of unpleasant emotions (Zhang et al., 2019). According to Oberle et al. (2012), the
benefits of mindfulness include lowered stress and anxiety, which improves mental health.
Feeling fewer negative emotions, negative consequences, less fear, and less sadness are some
other relationships that mindfulness is linked to (Pepping et al., 2016). Moreover, in an
external context, mindfulness might lead to fewer rule violations i.e., violations of age-

appropriate rules and expectations (Pepping et al., 2016).

Assessing Mindfulness: Neuroimaging Techniques and Questionnaires

There are several ways to measure mindfulness: through questionnaires such as; the
Mindful Attention Awareness Scale (MAAS; Chen et al., 2012) to evaluate variations in an
individual's mindful states; the Child and Adolescent Mindfulness Measure (CAMM; De Bruin
et al.,, 2013) that measures dispositional mindfulness in adolescence; the Five Facet
Mindfulness Questionnaires (FFMQ; Baer et al., 2006) which measures the level of trait
mindfulness in adolescents or the Attentional Control Scale (ACS; Derryberry & Reed, 2002)

which assesses self-reported attention control skills.
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There are several different ways to measure brain activity. Two of the most commonly
used methods for assessing brain activity during mindfulness are functional magnetic
resonance imaging (fMRI) and electroencephalography (EEG) (Kabat-Zinn, 2003). EEG
measures the electrical activity of neurons in the brain (Kirschstein & Kohling, 2009). EEG
electrodes are placed on the scalp to detect the electric potential differences (voltages)
generated by synchronized neural activity (Warbrick, 2022) and recorded over time (Beres,
2017). According to Warbrick (2022), EEG is a crucial tool for comprehending brain function
as the electric signal takes approximately one millisecond to reach the electrode, requiring it
to pass through both the skull and brain tissue. In EEG, measures are shown in the following
frequency bandwidths: Delta (1—4 Hz), Theta (4—8 Hz), Alpha (8—13 Hz), Beta (13—30 Hz),
and Gamma (36—44 Hz) (Lomas et al., 2015). In addition, EEG measurements are shown as
event-related potentials (ERP) with different amplitude components, for example, P1 peaks
approximately around 80-150ms post-stimulus, which is more sensitive to the early attention
of inner tasks, such as visual imagery (Zhang et al., 2019). N2, a negative wave that peaks
around 200—-350ms post-stimulus and is found at the anterior scalp sites, subsequently N2
seems to relate to the attention-monitoring process that originates from the dorsomedial
prefrontal cortex (Zhang et al., 2019). Late positive potential is a positive wave with a
distribution on the central parietal scalp site and peaks 400—500ms after stimulus onset
additionally is related to emotional stimuli rather than neutral stimuli (Zhang et al., 2019). P2
amplitude occurs at approximately 200ms post-stimulus which indicates emotion arousal and

reacts to emotional stimuli in the early stage of emotion regulation (Deng et al., 2020).

When referring to EEG, the researchers also mention frontal EEG asymmetry that
describes the variation in measured alpha activity between corresponding right and left frontal
electrodes during both resting state and task conditions (Reznik & Allen, 2018; Sabu et al.,
2022; Smith et al., 2017). Researchers have linked this asymmetry to patterns of emotion
processing for several decades (Lomas et al., 2015). Previous research has shown a significant
increase in alpha power during mindfulness which has been observed both in the frontal and

posterior regions of the brain (Lomas et al., 2015). This indicates an increase in neural
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synchronization, suggesting that mindfulness may involve a state of relaxation and attentional

focus (Kirschstein & Kohling, 2009; Lomas et al., 2015).

Furthermore, fMRI is a non-invasive brain imaging technique that detects changes in
blood flow to indirectly measure neural activity (Heeger & Ress, 2002), commonly used to
study mindfulness-related brain activity (Holzel et al., 2007). As a response to increased neural
activity, the brain requires more oxygen and nutrients, leading to an increase in blood flow. In
response to this, the concentration of oxygenated and deoxygenated haemoglobin changes
which can be detected with MRI as a blood oxygen level-dependent (BOLD) signal (Heeger &
Ress, 2002). Since the BOLD signal reflects the metabolic response of the brain to neural
activity, it is used as an indirect measure of neural activity (Heeger & Ress, 2002). Both EEG
and fMRI can be useful methods to assess brain activity during mindfulness, with EEG having

poor spatial resolution yet it is useful for its high temporal resolution (Warbrick, 2022).

Mindfulness Interventions.

Thanks to different neuroimaging techniques such as EEG and fMRI, it is suggested by
Amada and Shane (2019), that adolescents possess the cognitive ability to engage in
mindfulness practices, likely to yield significant benefits. Research indicates that less mindful
adolescents are more likely to use suppression, which further increases the likelihood of
depression, anxiety, and stress symptoms (Pepping et al., 2016). Furthermore, it is shown that
increased self-awareness influenced by mindfulness enhances cognitive flexibility and
inhibition control during emotion regulation (Deng et al., 2020). Although, it might be
challenging for adolescents to engage in mindfulness since the connectivity between cortical
and subcortical regions is not fully developed until early adulthood (Amada & Shane, 2019).
Despite the developmental limitations, research has shown that mindfulness interventions
may help adolescents in enhancing their emotion regulation abilities with less cognitive effort
(Deng et al., 2020). In particular, these interventions can help adolescents learn to regulate

their emotions more effectively by relying on automatic processes rather than conscious effort
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(Deng et al., 2020). In addition, mindfulness practice in adolescents may foster connections
between prefrontal structures that are relevant to emotion regulation, leading to greater

stability in arousal and a reduction in harmful risk-taking behaviors (Sanger & Dorjee, 2015).

The Aim

The current state of research indicates a substantial understanding of how both
mindfulness and emotion regulation affects the adult brain. However, the research on this
effect on adolescents remains comparatively limited due to the fact that their brains are still
undergoing significant changes, particularly in the prefrontal cortex which is involved in
emotion regulation (Amada & Shane, 2019). The purpose of this thesis is to address this gap in
knowledge by conducting a systematic review of studies that utilize EEG and fMRI to explore
mindfulness and emotion regulation in relation to each other. Finally, the aim of this thesis is

to investigate the effect of mindfulness on emotion regulation in adolescents.

Methods

Search Strategy

The beginning of our search to get an overview of the field included keywords such as
emotion regulation, mindfulness, and adolescence. The final search string was the following:
mindfulness AND (adolescen* or youth or teen*) AND "emotion regulation" AND ("neur*" OR
"eeg" OR "electroencephalography" OR "fmri" OR "functional magnetic resonance imaging").
The search was conducted on the 7th of March 2023, where the search was set on all fields on
both Web of Science and Medline EBSCO (see Figure 1). The literature search resulted in 124
(79 = Web of Science, 45 = Medline EBSCO) articles that were imported to Rayyan (Ouzzani et
al., 2016) where 28 duplicates were removed. The remaining 96 articles were screened by their
title and abstract, and additionally, 81 studies were excluded according to our inclusion and

exclusion criteria. The final step was to screen the 15 articles, resulting in the exclusion of 12
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articles due to wrong population (n=2), wrong study design (n=1), wrong outcome (n=2),
wrong aim (n=5), and no access (n=2). The total sum of the screening resulted in 3 studies

included in this systematic review.

Inclusion Criteria & Exclusion Criteria

The inclusion criteria for the systematic review were, 1) the participants had to be
adolescents, the ages between 10-19, 2) both mindfulness and emotion regulation must be
included in the article, 3) electroencephalogram (EEG) or functional magnetic resonance
imaging (fMRI), 4) written in English, 5) published in a peer-review journal, 6) original
research, 7) fully available through open access or the university databases. The exclusion
criteria included, 1) articles that had a participant group with a diagnosis of a
neurodevelopmental disorder, e.g., autism, ADHD, or dyslexia, 2) Articles with participants
who had a diagnosis of mental disorder, e.g., bipolar, generalized anxiety, psychosis symptoms
or major depressive disorder, 3) Articles investigating explicitly on mobile phone addiction,
study protocols, reviews due to wrong aim and not being original articles were excluded, 4)
Studies that had a population range of e.g., 18-55, were excluded as they did not align with the
target population. Due to the limited availability of fMRI studies that met the inclusion criteria,
only studies that utilized EEG as the primary method to measure brain activity were included.
Thus, all three studies used EEG as their method to assess mindfulness and emotion

regulation.

Data Extraction
From the included articles, the following data were extracted and presented in seven
categories: article, sample size, study population and age, design/task, regulation strategy,

stimuli, neural measurements, and main results (see Table 1).
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Figure 1
PRISMA flow chart
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Note. The literature search process, illustrated in a PRISMA 2020 Flow Diagram. Adapted
from Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C, D.,
et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, BM.J, 372:n71. https://doi.org/10.1136 /bmj.n71.
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Results

This review consists of three studies that met the inclusion criteria (see Table 1). The
studies had a total of 108 participants. Sample sizes ranged from 20 to 43 with a mean age of
12.02 to 12.53 in two studies (Deng et al., 2020, 2021), considered early adolescence according
to Chan and Marinellie (2008). The third study (Zhang et al., 2019) had a mean age of 18.89
which is considered late adolescence according to Chan and Marinellie (2008). All three
studies were conducted in China. Collectively, all three studies revealed divergent positive
results, including differences in prefrontal asymmetry, high vs low mindful adolescents, and

observing and nonjudging during adolescence.

Study Characteristics

Two of the three studies (Deng et al., 2020, 2021) used The Five Facet Mindfulness
Questionnaires (FFMQ; Baer et al., 2006). This questionnaire is a measurement of the five
facets of mindfulness including observation (e.g., “I intentionally stay aware of my feelings”),
nonjudging (e.g., “I tend to evaluate whether my perceptions are right or wrong”), acting with
awareness (e.g., “I rush through activities without being really attentive to them”), description
(e.g., “My natural tendency is to put my experiences into words”), nonreactivity (e.g., “I watch
my feelings without getting lost) (Deng et al., 2020). FFMQ consists of 39 items that measure
the five facets to assess adolescents' trait mindfulness levels. It contains a 5-point Likert scale
(1 = never or very rarely true, 5 = very often or always true) (Deng et al., 2020). A total score
of each of the 39 items shows either a high or low score equivalent to high or low mindfulness
(Deng et al., 2020). Importantly, Deng et al., 2020 and Deng et al., 2021 did not incorporate a
mindfulness intervention during the task. However, in contrast to the abovementioned studies,
Zhang et al. (2019) specifically researched the impact of mindfulness intervention during the
task. In addition, Zhang et al. (2019) used two other scales at the beginning of the experiment
to get a mindfulness baseline: the Mindful Attention Awareness Scale (MAAS; Chen et al.,

2012) to evaluate variations in an individual's frequency of mindful states over a period of time,
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with a focus on whether they are attentive and aware of the current moment or not. It consists
of 15 items where a higher score implies higher mindfulness whereas a lower score implies
lower mindfulness. The second scale is the Attentional Control Scale (ACS) which assesses
three different dimensions of attentional control: to focus attention, to shift attention, or to
flexible control thought (Derryberry & Reed, 2002). Although Zhang et al. (2019) selected to

only estimate the dimension of focusing attention.

Zhang et al. (2019) aim their research on Breath-focused meditation (BFM), a type of
mindful meditation. Subsequently, the participants were introduced to BFM for three minutes
to familiarize themselves with the procedure. Post-experiment the participants answered a
questionnaire to indicate to what extent they practiced BFM during the task (Zhang et al.,

2019).

Reactivity and Regulation-Image (REAR-I) were used in two of the three studies (Deng
et al., 2020, 2021). REAR-I task assesses both emotion regulation and emotional reactivity by
presenting various images intended to evoke different emotions. The participants received
instructions to use one of three options for the regulation of emotion during the REAR-I. Up-
regulation, referring to perceiving the image as if the participants were actively involved in the
event, a first-person perspective. Down-regulation, referring to observing the picture in one of
two ways: either from a third-person perspective as an outsider with no personal connection
to the object/event or as if the image was fake. Lastly, non-regulation, referring to observing

the pictures in a passive manner and responding in a natural way (Deng et al., 2020, 2021).

The pictures in all three studies (Deng et al., 2020, 2021; Zhang et al., 2019) were
obtained from the Chinese Affective Picture System (CAPS) (Lu et al., 2005). Two of the three
studies (Deng et al., 2020, 2021) sectioned the images into negative and neutral pictures
whereas the third study (Zhang et al., 2019) sectioned the images into negative, positive, and

neutral pictures.

In the study by Zhang et al. (2019), the participants were shown a Chinese symbol

“view” or “focus” between each experimental block, once the symbol was shown the
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participants had to carry out the task until the image vanished. During the focus/BFM task,
participants were instructed to focus their attention on their breath and to maintain a non-
judgmental awareness of any thoughts or feelings that arose. This task was intended to induce
a mindful state (Zhang et al., 2019). During the Viewing task, participants were instructed to
simply view positive, neutral, or negative pictures without attempting to regulate their
emotions. The viewing task was designed to elicit emotional responses to serve as a baseline to
compare the neural activity during the BFM task for the researchers to find any significant

differences between the two tasks (Zhang et al., 2019).

EEG and Neural Mechanisms

Zhang et al. (2019) measured three amplitude components during the BFM task. The
P1 component is associated with attentional and cognitive processes, while the late positive
potential is thought to reflect the sustained processing of emotional stimuli. The results
showed that there was a significant decrease in the amplitude of the late positive potentials
during emotional processing due to mindfulness. As a result of BFM, which is affected by how
the brain responded to emotional stimuli by significantly reducing P1 (early-stage response) to
continue as a prolonged effect on later stages of emotional processing i.e., a decrease of the late
positive potential amplitude (Zhang et al., 2019). Furthermore, the study shows that breath-
focused mindfulness was associated with a significant decrease in the amplitude of the N2
component in response to both positive and negative pictures but not neutral images during
the emotion regulation task (Zhang et al., 2019). On the contrary, the results showed a non-
significant association between breath-focused mindfulness and increased amplitude of the P1
component in response to negative and positive images compared to neutral pictures during

the emotion regulation task (Zhang et al., 2019).

In the study by Deng et al. (2020), they measured the amplitude of the P2, N2, and late
positive potential components during the emotion regulation task, where participants were

instructed to use up-regulation, down-regulation, or no-regulation when viewing positive,
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negative or neutral pictures. However, for the negative pictures, there was not a significant
difference between the three strategies. The results showed an association between higher
levels of trait mindfulness and increased amplitude of the P2 component in response to
negative emotional stimuli. An increase in the amplitude of the P2 component, which reacts
to emotional stimuli in the early stage of emotion regulation, was also associated with higher
levels of observation (Deng et al., 2020). Furthermore, in the early stage of emotion regulation
processes after stimulus onset, the result showed a significant increase of the amplitude N2
component in response to negative emotional stimuli. In addition, Deng et al. (2020) found
significant positive correlations between the N2 and late positive potential amplitudes during
the negative no-regulation condition and nonjudging assessed by FFMQ results. Furthermore,
the result shows that higher levels of mindfulness, assessed by FFMQ, in adolescents were
associated with increased amplitude of the late positive potential component in response to

negative emotional stimuli (Deng et al., 2020).

In the study by Deng et al. (2021), they measure specifically frontal EEG during
emotion regulation. They measured the asymmetry of alpha activity in the frontal brain regions
during the task. The results of the study by Deng et al. (2021) showed that adolescents with
higher levels of mindfulness, as assessed by FFMQ, had significantly greater left frontal EEG
asymmetry during the emotion regulation task. On the contrary, adolescents with lower levels
of mindfulness, assessed by FFMQ showed significantly lower left frontal EEG asymmetry. The
results also showed that the asymmetry scores of adolescents with higher levels of mindfulness
were significantly greater than those with lower levels of mindfulness when they used up-
regulation and down-regulation as their strategies during the task. However, during non-

regulation, there was no significant difference observed (Deng et al., 2021).
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Table 1
Study characteristics of the included publications’ data extraction
Article Sample size, Design/task Regulation Stimuli Outcome Main results
Study strategy measurements
population, and
age (SD)
Zhang et al. 20 Practice BFM and Top-down 180 images EEG Breath-focused mindfulness was
(2019) undergraduate view pictures in emotion associated with a significant
students 18.89 different blocks ~ regulation 60 positive The mindful decrease in the amplitude of the
(£0.71) events attention N2 component in response to both
Manipulation awareness scale  positive and negative pictures.
task, to which 60 negative (MAAS)
extent they events A significant decrease in the
performed BFM. Attention amplitude of the late positive
60 neutral Control Scale potentials was associated with
events (ACS) mindfulness.
Deng et al. 43 early Reactivity and Up-regulation vs. 80 EEG Adolescents with a higher score for
(2020) adolescents Regulation- down-regulation images/four observing showed smaller ERP
12.02 (+0.63) Image (REAR-I)  vs. no- regulation sections =10  The Five Facet =~ amplitudes during the emotion
task negativeand ~ Mindfulness regulation task.
10 neutral Questionnaires
pictures. (FFMQ),) A significant increase in N2 was

associated with higher levels of
nonjudging in adolescents.
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Deng et al. 22 low Reactivity and No-regulation vs. 80 images; EEG High mindfulness adolescents

(2021) mindfulness Regulation- up-regulation vs. showed a greater left frontal EEG
adolescents Image (REAR-I)  down-regulation 40 negative,  The Five Facet = asymmetry during the emotion
12.53 (£1.10) task repeated Mindfulness regulation task. The asymmetry

measures design 40 neutral Questionnaires  scores were significantly greater

23 high (FFMQ) than those with lower levels of
mindfulness mindfulness when they used up-
adolescents regulation and down-regulation
12.34 (£0.88) strategies during the task.

Low mindfulness adolescents
showed significantly lower left
frontal EEG asymmetry.

Note. EEG = Electroencephalography; PFC = Prefrontal cortex; ERP = Event-Related potential; BFM = Breath-focused mindfulness; FFMQ = The
Five Facet Mindfulness Questionnaires (Baer et al., 2006); MAAS = The Mindful Attention Awareness Scale (Chen et al., 2012); ACS = The
Attention control scale (Derryberry & Reed, 2002)
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Discussion

The aim of this systematic review was to investigate what is known about the effects of
mindfulness on emotion regulation among adolescents. This review planned to focus on the
studies that utilized the methods of EEG or fMRI to investigate the effect of mindfulness on
emotion regulation, however, only EEG studies were found when filtering through inclusion
and exclusion criteria. Thus, the included studies investigated the relationship between
mindfulness meditation and emotion regulation, as well as the neural mechanisms involved in
these processes, such as electrical activity, which is an indicator of neural activity, as measured
by EEG. In all three included studies, the overall findings indicated that mindfulness is
positively correlated with adolescents' ability to regulate their emotions (Deng et al., 2020,

2021; Zhang et al., 2019)

Zhang et al. (2019) found that breath-focused meditation led to changes in early and
late components of emotional processing, suggesting that brief breath-focused mindfulness
improves visuospatial processing, executive function, and emotional regulation by enhancing
cognitive control over emotional processing. In the viewing condition, it was shown that both
negative and positive pictures induced larger amplitudes from early P1 to late positive potential
compared to neutral pictures (Zhang et al.,, 2019). In addition, results found that BFM
significantly reduced the N2 amplitude while the adolescents were presented with positive and
negative pictures compared to the viewing condition. The N2 is an important component in
the top-down functional network of emotion regulation and the location of frontal N2 is in the
ventromedial PFC (Zhang et al., 2019). These results indicate that practicing BFM helps sustain
greater attention toward the present moment since it may activate the dorsal executive network
(Zhang et al., 2019). However, Zhang et al. (2019) did not use an eye-tracking system
coherently with EEG, and as such it remains unclear if the participants used BFM and not
distraction. Previous research by Warbrick (2022) has shown that eye movements and muscle

movements create artifacts, and Beres (2017) mentions that even accidental head turns, and
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swallowing can create artifacts that affect ERPs. Therefore, to obtain more reliable results,

further research should investigate the combination of the eye-tracking system with EEG.

In Zhang et al. (2019) the results showed a significant decrease in the amplitude of the
N2 component. This decrease was related to both negative and positive pictures (Zhang et al.,
2019) whereas Deng et al. (2020) found a significant increase in the N2 component which is
related to negative emotional stimuli. Furthermore, Deng et al. (2020) indicated positive
correlations between both N2 and late positive potential during negative no-regulation and
nonjudging conditions. This might be due to the reason that nonjudging needs a mature ability
to regulate one's emotions in order to develop, which adolescents do not possess due to the
undeveloped brain (Deng et al., 2020). Previous research indicates that during adolescence,
there are significant transformations in metacognitive and emotion-regulatory abilities (Dahl,
2004). It appears that some degree of development in these areas may be necessary before
meaningful differences in dispositional mindfulness can emerge in adolescents (Ciesla et al.,
2012). In the study by Deng et al. (2020) another finding showed that during neutral stimuli,
down-regulation induced larger amplitudes of P2, meanwhile, there were no significant
differences found between up-regulation and no-regulation. This indicates that viewing stimuli
from an observing perspective, results in larger reactivity than experiencing the stimuli from a

first-person view (Deng et al., 2020).

It has been observed that both P2 and N2 are particularly responsive to emotional
information and are associated with an enhanced focus on emotional stimuli, indicating an
increased level of attention to such information (Deng et al., 2020). Additionally, adolescents
who scored higher for observing, as assessed by FFMQ, showed smaller ERP amplitudes during
the emotion regulation task (Deng et al., 2020). In adolescents, a higher level of observing
might promote their mental health, by moderating the early response to an emotional stimulus
prior to the occurrence of a following emotional response. Thereby reducing the intensity of
their emotional response (Deng et al., 2020). A review by Lin et al. (2019) suggests that

mindfulness may provide numerous health benefits to adolescents such as increased mental
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health, physical health, and quality of life. Deng et al. (2020) observed an increase in the late
positive potential component in response to negative emotional stimuli in high mindful
adolescents. Late positive potential is regarded as a critical indicator of emotion regulation,
particularly as it relates to the cognitive processing of emotional information (Deng et al.,
2020). This increase in late positive potential suggests that high mindful adolescents may have
a greater ability to regulate their emotions in response to negative emotional stimuli (Deng et

al., 2020).

In addition, when passively viewing highly arousing, unpleasant images, the late
positive potential amplitude is lower for more mindful individuals than for less mindful
individuals (Brown et al. 2012). Developmentally, because of their relatively undeveloped
emotional abilities, adolescents show higher late positive potential amplitudes than adults
when using different regulatory strategies (Deng et al., 2020). On the contrary, research
conducted by Desatnik et al. (2017) has demonstrated that during the processes of emotion
generation and regulation, adolescents can effectively modify their emotions at an early stage
by utilizing suppression. Research has shown that suppressing one's emotions can affect the
ability to inhibit or control outward expressions (Gross, 2002). However, when adolescents
practice mindfulness they may induce connections which have been shown to lead to greater
stability in emotion regulation (Amada & Shane, 2019; Sanger & Dorjee, 2015), which in turn
might help adolescents react to emotional stimuli in a more adaptive manner by re-evaluating
the situation during reappraisal. The result indicates that mindfulness meditation may
improve emotional processes by enhancing self-awareness, inhibition control, and cognitive

flexibility during emotion regulation (Deng et al., 2020).

The most recent article by Deng et al. (2021) focused particularly on frontal brain
activity in high and low trait mindfulness in adolescents, as assessed by FFMQ. Today, EEG
asymmetry is widely used by scientists worldwide to investigate various constructs such as
temperament, personality, psychopathology, motivation, emotion, and cognitive control

(Smith et al., 2017). Alpha activity is a well-known indicator of neural activity related to
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emotion regulation (Deng et al., 2021). In the study by Deng et al. (2021), they observed that
during up-regulation and down-regulation, those with a higher level of trait mindfulness
adolescents scored a larger asymmetry than adolescents with a lower level of trait mindfulness.
Furthermore, in neutral up-regulation conditions, the adolescence showed a greater left
asymmetry (which is connected to emotions). Previous research indicates that left frontal EEG
activation is linked to emotions characterized by a more positive valence (Kim & Bell, 2006).
In particular, it is thought that the left frontal regions play a primary role in appetitive
motivation and approach-related effect, which includes emotions such as elation, hope, and
happiness but it also includes anger (Reznik & Allen, 2018). Whereas right frontal regions are
linked with behavioral inhibition and vigilant attention that is often observed during certain
negative affective states (Reznik & Allen, 2018). Finally, the results showed significantly
greater left-sided asymmetry in the prefrontal areas in higher levels of trait mindfulness
adolescents especially in up-regulation and down-regulation conditions (Deng et al., 2021).
This indicates that mindfulness could improve the efficacy of emotion regulation and that high

trait mindfulness could minimize the risks of mental illness in adolescents (Deng et al., 2021).

Amada and Shane (2019) mention that research on how both mindfulness and emotion
regulation affects the brain in adolescents is affected by the fact that their brain is still
undergoing significant changes. This is noticeable in the results of the study by Deng et al.
(2020), it is suggested that adolescents do not possess particular abilities such as nonjudging
due to the undeveloped brain. Moreover, it is suggested that the prolonged maturation of the
PFC may complicate the ability of adolescents to regulate their emotions (Andrews et al., 2021).
Furthermore, very few articles were found where the healthy brains of adolescents were
investigated. Most studies focused on autism (e.g., Susam et al., 2022) and youth with familial

risk for bipolar disorder (e.g., Hafeman et al., 2020).

To summarize, the findings indicate that mindfulness meditation may be a useful tool
to improve emotion regulation. Mindfulness seems to increase the prefrontal functions during

changes in emotional responses compared to inducing a stable emotional state prior to
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emotion regulation (Deng et al., 2021). Even so, despite such positive effects, high levels of trait
mindfulness in adolescents could possibly lead to maladaptive outcomes, by affecting
judgment. This could lead to problems in adulthood due to insufficient long-term preparation
and planning when being too non-judgemental during adolescents (Deng et al., 2020).
Furthermore, Amada and Shane (2019) mention maturity differences in the prefrontal cortex
in relation to the brain regions that support bottom-up processing compared to the brain
regions in top-down processing. The findings by Zhang et al. (2019) however indicate that BFM
seems to activate the dorsal PFC network that uses the top-down process to help adolescents
regulate their emotional reactions (Zhang et al., 2019). Zhang et al. (2019) also suggest that
mindfulness could be an individual emotion regulation strategy instead of affecting the

emotion regulation strategies.

Ethical and Societal Aspects

All three included studies had the procedures performed according to ethical standards
and were approved by an ethical committee. There were none of the studies that acknowledged

any ethical dilemmas or conflicts of interest.

Adolescence is a period that is unique to each individual, as family dynamics and social
environments can significantly impact the appearance of social intelligence and the ability to
communicate with other people. Additionally, given the diversity of experiences and
circumstances that adolescents encounter during this phase, it can cause challenges to

establish a reliable baseline for future studies.

Limitations
There are numerous limitations in the included studies. Deng et al. (2020) did not raise
the relationship between FFMQ and emotion regulation. Deng et al. (2021) only focused on the

nuances of negative emotion regulation. The third study, by Zhang et al. (2019) used ERP
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during long- or short-term BFM practice, although the researchers suggest that ERP has a poor
spatial resolution and hence why it might be necessary to approach the identification of neural
substrates associated with BFM with caution. In addition, Zhang et al. (2019) used smiling
faces as positive stimuli whereas negative and neutral stimuli were not faces and it has been
shown that N2 is usually activated during stimuli such as faces and other affective stimuli.
However, Zhang et al. (2019) mentioned that this did not confound their results since N2 is
also commonly activated for other affective stimuli. Furthermore, none of the three studies
used control groups when conducting the research. Lastly, the adolescents in the included
articles were in different periods of adolescence which could lead to difficulties during

comparison.

One of the most notable limitations of this systematic review is that the number of
studies included is relatively small, due to few studies on adolescence without
neurodevelopmental disorder, which may affect the generalizability of the results. Another
limitation could be that two of the studies were conducted by similar researchers, which may
lead to biases. The inclusion of only one study using mindfulness intervention is also a
limitation, as it limits the ability to make comparisons across studies. Lastly, only open-access
articles or those accessed via the school library were included, and only articles published in

English were considered, which may result in a biased sample.

Future Research

Future research should conduct studies on trait mindfulness in real-life settings to gain
more knowledge on the topic. Furthermore, future studies should also examine adolescents'
different FFMQ profiles and the profiles' influence on adolescents' ability to emotion
regulation. In addition, this topic needs significantly more research on adolescence and the
effect of mindfulness e.g., longitudinal studies to find more significant results and clear
descriptions of why mindfulness meditation is a promising strategy for emotion regulation

processes. Due to the poor spatial resolution in ERP regarding Zhang et al. (2019) future
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research should combine ERP with fMRI to confirm temporal dynamics and neural substrates.
In addition to this previous research by Warbrick (2022) has shown that eye movements and
muscle movements create artifacts, and Beres (2017) mentions that even accidental head turns,
and swallowing can create artifacts that affect ERPs. Therefore, to obtain more reliable results,

further research should investigate the combination of the eye-tracking system with EEG.

In general, there needs to be more research conducted on the topic due to the low
quantity of studies. Thus, the existing articles are a good background for further research on
this topic. The studies of Deng et al. (2020) and Deng et al. (2021) complemented each other
already. Despite not being the same authors, Deng et al. (2021) took limitations and
recommendations for future studies from Deng et al. (2020) into consideration and conducted
further research on the same topic. Lastly, future research should utilize control groups to

provide a baseline to which the effects of mindfulness interventions can be compared.

Final Conclusion

This systematic review was conducted to gather and compare research on the effects of
mindfulness on emotion regulation during adolescence. The results suggest that brief
mindfulness meditation enhances the activity of the left prefrontal cortex, which is associated
with positive affect and emotion regulation, indicating greater emotional stability. However,
the results should be considered preliminary. As mentioned earlier, adolescence is an
emotionally unstable period that mindfulness could improve by stabilizing the emotion
regulation process and outward emotional reactions. There seem to be some challenges for
future studies such as limited research on the topic of the healthy brain of adolescents. Even

so, these findings contribute to future research.
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