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Abstract 

Anxiety is a high-prevalence disorder, and it is often treated by medication which can be 

costly, has side effects, and is not available for everyone in need. Mindfulness-based 

interventions (MBIs) such as mindfulness-based stress reduction (MBSR) and mindfulness-

based cognitive therapy (MBCT) are great alternatives to treat anxiety. Both MBIs are not 

only more accessible but have no side effects as well. To establish whether MBIs can become 

a main treatment for anxiety, the associated neural correlates and changes should be 

investigated further. The aim of this systematic review is to investigate whether neural 

correlates of MBIs are mainly caused by emotional or attentional neural mechanisms, or if 

both are involved. There were five studies selected and included according to a set of 

inclusion and exclusion criteria. The results suggest that MBIs are in fact effective in 

alleviating anxiety symptoms by enhancing both emotion and attention regulation. However, 

several of the included studies came with limitations such as having no significance in p-

values, no control groups, and small samples. Thus, further research is needed to draw a 

conclusion on whether MBIs are the best alternative for the alleviation and treatment of 

anxiety.  

  

Keywords:  anxiety, mindfulness-based interventions, mindfulness-based stress 

reduction, mindfulness-based cognitive therapy, neural mechanisms. 

  



 

The Neural Correlates of Mindfulness-Based Therapy on Anxiety: A 

Systematic Review 

Anxiety and depression are two of the most common mental health disorders people 

live with globally (WHO, 2022). In the year 2019, World Health Organization (2022) 

reported that 301 million people suffer from anxiety worldwide. There are several different 

anxiety disorders such as social anxiety disorder (SAD) characterized by social-related 

excessive fear and worry, separation anxiety disorder characterized by extreme separation-

related fear and worry, panic disorder (PD) characterized by having panic attacks, and 

generalized anxiety disorder (GAD) is characterized by having an excessive feeling of worry 

(WHO, 2022). Invasive and extreme fear with its associated behavioral disturbances is what 

characterizes anxiety in general and the experienced symptoms can be significant enough to 

cause a type of functioning impairment (WHO, 2022). There is a 12.1% rate prevalence of 

SAD in the US (Kessler et al., 2005; Kessler & Merikangas, 2004). An adult can be diagnosed 

with SAD if the experienced fear and anxiety about social events have persisted for a 

minimum of a time period consisting of 6 months (American Psychiatric Association, 2013). 

SAD can be developed at a young age, this in turn develops into comorbidity with drug abuse 

and depressive disorder (Sadock et al., 2015).  

Additionally, those with SAD have heightened emotional reactivity levels after, 

during, and before social events. Due to emotional reactivity one can respond and detect 

social cues, which makes one apprehensive of indicators of threat (DiBartolo & Hoffman, 

2014). Emotional reactivity represents the stages of emotional response consisting of 

duration, intensity, and activation. Duration relates to the span of an emotional response, 

intensity relates to when amplitude peaks and activation relates to the threshold for the 

emotional response to be evoked (Becerra et al., 2019). Effective regulation of emotions has 

been seen to negatively correlate with emotional reactivity (Becerra et al., 2019). Heightened 

reactivity, therefore, causes ineffective regulation, and it is believed that it relates to negative 

mood problems and comorbidity with additional disorders, such as major depression (20%), 

other anxiety (65%), borderline personality disorder, bipolar, and substance misuse 

(DiBartolo & Hoffman, 2014; Becerra et al., 2019). 

There is ample evidence supporting the view that mindfulness-based cognitive 

therapy (MBCT) can successfully reduce symptoms of anxiety (Gupta et al., 2022; Hölzel et 

al., 2013; He et al., 2021; Goldin & Gross, 2010; Zhao et al., 2019). MBCT is based on 

mindfulness-based stress reduction (MBSR), originally called Stress Reduction and 

Relaxation Program. The psychiatrist Jon Kabat-Zinn founded it together with colleagues at 

the University of Massachusetts in 1979 to treat patients with heart disease, chronic pain, 

gastrointestinal disorders, hypertension, and cancer and reduce psychological problems such 

as pain, anxiety, and depression (Kabat-Zinn, 2013; Kabat-Zinn & Hanh, 2009; DiBartolo & 



 

Hoffman, 2014). Both MBCT and MBSR are mindfulness-based interventions (MBIs) 

(Burgess et al., 2021). Mindfulness can also impact emotion regulation which can be used to 

treat anxiety since it is characterized by excessive feelings of constant worry and fear (Hölzel 

et al., 2013; WHO, 2022). Attention regulation can also be impacted by mindfulness, which 

in turn improves the flexibility of allocating attention and also improves attentional control 

processes (Malinowski, 2013). Furthermore, mindfulness training enables individuals to 

choose emotions, sensations, and thoughts as well as having reduced reactivity with the 

ability to retain awareness (He et al., 2021).  

Malinowski (2013) outlines the three primary functions of attention as including 

attentional control processes, stimulus selection, and modulation of attentional, alertness, 

and arousal engagement. In addition, there are attentional networks that support these 

functions, including executive control, altering, and orienting networks. Executive control is 

associated with the basal ganglia, prefrontal cortex (PFC), lateral ventral cortex, and anterior 

cingulate cortex (ACC) (Malinowski, 2013). The thalamus, right parietal, and right frontal 

cortex are responsible for alerting functions while orienting functions involve the superior 

colliculus, frontal eye fields, temporal parietal junction (TPJ), and superior parietal cortex 

(Malinowski, 2013). 

Salient or important situations elicit a variety of different emotions, which are 

considered to be not only malleable according to each situation, but also transient and rapid. 

The intensity of emotions is determined by their valence and level of arousal (DiBartolo & 

Hoffman, 2014). In anxiety in general, emotions are of negative valence and great arousal, 

which is felt in anticipation of or most often during a certain threatful situation (DiBartolo & 

Hoffman, 2014). Previous investigations of emotion regulation and its neural mechanisms 

have been seen to involve the amygdala, insula, inferior frontal gyrus (IFG), and vlPFC (Pan 

et al., 2018). Additionally, neural substrates models suggest that paralimbic/limbic regions of 

the brain, posterior and rostral ACC, insular cortex, and amygdala, respond to and detect 

different cues of social nature as threat indicators in emotional reactivity (DiBartolo & 

Hoffman, 2014). Ineffective emotional reactivity can cause inflexible and biased deployment 

of attention and avoiding social situations (DiBartolo & Hoffman, 2014).  

To assess the efficacy of MBCT and MBSR on reducing anxiety symptoms, it is 

important to investigate whether the neural correlates of these MBIs mostly focus on 

attentional or emotional neural mechanisms, or if they involve both. 

 

 

 



 

Mindfulness-Based Interventions 

MBIs have been shown to be effective treatment methods for both anxiety and mood 

conditions (Burgess et al., 2021). Thus, the use of MBIs has been rapidly growing in 

therapeutic contexts due to their efficacy in treating anxiety and depression symptoms as well 

as enhancing cognitive performance and impacting emotion regulation (Chiesa & Serretti 

2011; Hofmann & Gómez 2017; Hölzel et al., 2013; Huang et al., 2020). The use of cognitive 

skills is involved in emotion regulation, which can enable a person with anxiety to modify 

their interpretation of a high emotional reactive situation (DiBartolo & Hoffman, 2014). The 

aim of MBIs is to shift attention to experience the present moment openly and non-

judgmentally; this is a core feature that strengthens the regulation of attention (Strauss et al., 

2014).  

MBIs, namely MBCT and MBSR are both group-based programs that last for two 

months and consist of eight sessions. This kind of format has been shown to enhance 

efficiency in respect of patient-client time in comparison to other psychotherapies. Even 

abbreviated versions of MBIs such as single sessions have also shown to have a smaller but 

still remarkable benefit in treating anxiety and depression symptoms too (Burgess et al., 

2021).  

 

Mindfulness-Based Cognitive Therapy 

MBCT was developed by Mark Williams, Zindel Segal, and John Teasdale in the late 

1990s (Teasdale et al., 2000; Strauss et al., 2014). MBCT aims to train people to become 

more aware of their thoughts, bodily sensations, and feelings. This helps view them 

differently such as passing events and not as an accurate representation of reality (Chiesa & 

Serretti, 2011). MBCT has been shown to be very effective in offering enhanced emotion 

regulation and cognitive abilities compared to other types of behavioral therapies such as 

cognitive behavioral therapy (CBT) (Huang et al., 2020). The significant positive effects of 

MBCT are brought on by increasing mindfulness and self-compassion in people after 

undergoing the program. Thus, the observed reductions of symptoms in anxiety and 

depression are suggested to be correlated with increased mindfulness, general well-being, 

and self-compassion (Burgess et al., 2021).  

In the review article by Nejad et al., (2013) it is reported that “therapeutic 

interventions specifically targeting these maladaptive components of rumination, such as 

mindfulness-based cognitive therapy, have been found effective in preventing depressive 

relapse” (pp 1-2). Another core feature of MBCT that may help with anxiety and depression is 

the strengthening of attention regulation, which consists of focusing on an object while 

avoiding other distractions, and if distracted then shifting the attention back to that chosen 

object (Kuyken et al., 2010). This type of attention regulation training has been shown to help 



 

decrease the processing of negative thoughts, body sensations, and feelings (Shapiro et al., 

2006). Being able to orientate and regulate attention well, leads to an inhibition of the 

preservation and formation of threat-related attentional biases (Shapiro et al., 2006).  

 

Mindfulness-Based Stress Reduction  

Hofmann and Gómez (2017) reviewed the effect of MBIs on depression and anxiety. 

They found that MBSR seems to be effective in reducing emotion dysregulation and anxiety 

symptoms (Hofmann & Gómez, 2017). According to Goldin & Gross, (2010), MBSR has been 

able to alter emotional responses by modifying cognitive-affective processes, which in turn 

reduces symptoms of anxiety, depression, and stress. Furthermore, MBSR has also been 

shown to be effective in diminishing the tendency to react emotionally to physical sensations 

and transitory thoughts, changing and bettering one’s own self-view, which is otherwise 

distorted, boosting the immune functioning, enhancing attention orientation as well as self-

regulation of behavior (Goldin & Gross, 2010). Both MBSR and mindfulness meditation, in 

general, have evidential benefits in redirecting or allocating attention due to the ability to 

enhance cognitive flexibility (Malinowski, 2013). The enhanced ability to shift and regulate 

attention has shown improvements in inhibiting emotional stimuli that are aversive, which in 

turn enables great flexibility of emotions. Thus, MBSR has been a clinically effective tool used 

to treat anxiety disorders because it improves emotion and attention regulation (Goldin & 

Gross, 2010). 

 

The Neural Correlates of Anxiety  

SAD is characterized by negative self-beliefs or views, which MBSR has been shown to 

reduce (He et al., 2021). Rumination, a form of self-referential processing (SRP), is when one 

thinks repetitively and focuses on mood states of negative nature, that can occur after, 

during, and before social events (Nolen-Hoeksema et al., 2008; DiBartolo & Hoffman, 2014). 

Furthermore, MBSR was shown to increase the activity within parietal cortical regions, 

associated with attention, and decrease negative emotions for those with SAD (DiBartolo & 

Hoffman, 2014). SRP is the cognitive process of being aware of oneself in relation to external 

information (Yoon et al., 2009). Yoon et al. (2009) study has indicated that the SRP is 

heightened in an abnormal manner during social situations for individuals with SAD. 

Through modulating SRP, SAD symptoms are ameliorated by mindfulness training (He et al., 

2021). Areas associated with SRP are the amygdala, hippocampus, temporal pole, insula, 

posterior and anterior cingulate cortex, and medial PFC (MPFC) (Nejad et al., 2013). SAD is 

related to emotional reactivity within the amygdala, a part of the paralimbic/limbic regions, 

and the hyperactivation within it (Phan et al., 2006; Stein et al., 2002). Other regions that 



 

have shown hyperactivation in SAD, during functional magnetic resonance imaging (fMRI) 

studies with facial expressions as cues, are the insula, and ACC (Yoon et al., 2019).  

 The study by Hilbert et al. (2014) reviewed the neural correlates in GAD. There was 

evidence for a decrease in the functional connectivity in the PFC and amygdala as well as an 

aberrant activation within the amygdala. It was shown that adults had decreased amygdala 

activity, whilst adolescents had increased activity within the amygdala (Hilbert et al., 2014). 

Additionally, the gray matter volume within PFC and amygdala was increased and the 

structural connectivity was decreased in respective areas (Hilbert et al., 2014). Furthermore, 

in the study by Etkin et al. (2010), it was found that “[…] generalized anxiety disorder 

patients were completely unable to regulate emotional conflict and failed to engage the 

pregenual anterior cingulate cortex in ways that would dampen amygdalar activity” (p. 545). 

Korgaonkar et al. (2021) conducted an fMRI study to investigate the functional 

connectivity and activation of the emotional processing regions in the brain, in patients with 

panic disorder (PD) compared to healthy controls. During fMRI scanning, the participants 

were presented with disgust, anger, fear, neutral, sad, and happy facial expressions, 

supraliminally and subliminally (Korgaonkar et al., 2021). The results showed that the right 

cerebellum showed lower activity in patients compared to healthy controls during all facial 

expressions that were supraliminal. Additionally, PD patients showed lower activation in the 

pgACC (see Figure 1) when patients were presented with sad and happy subliminal 

presentations compared to healthy controls (Korgaonkar et al., 2021). The midline structure 

pgACC is involved with affect regulation and emotional processing (Pizzagalli, 2011).  

 

Figure 1.  

The sagittal section of the brain presents the central areas for emotional processing  

 



 

Note. The figure shows a sagittal section of the brain presenting the pregenual 

anterior cingulate cortex (pgACC) and other structures of the PFC. Abbreviations: pd, 

posterior dorsal; ad, anterior dorsal; dm, dorsomedial; rm, rostromedial; vm, ventromedial; 

sg, subgenual. Adapted from “Emotional processing in anterior cingulate and medial 

prefrontal cortex” by Etkin A., Egner, T., & Kalisch, R., 2011, Trends in cognitive sciences, 

15(2), p. 86.  

 

The Present Systematic Review 

Despite the increased application of mindfulness in therapeutic contexts, our 

understanding of the underlying neurobiology of its effects is still considered to be in its early 

beginnings (Hölzel et al., 2013). Thus, the question remains however if the neural 

mechanisms of mindfulness mainly correlate to attentional or emotional neural mechanisms 

or both. It has been shown that people with anxiety suffer from emotion dysregulation and 

sometimes hyper-reactivity of emotions (Yoon et al., 2019). Thus, outcomes of MBIs strongly 

indicate modifications to emotional regulation or responses (Guendelman et al., 2017). It has 

been shown that enhanced or improved emotion regulation decreases worry, rumination, 

stress, and negative emotions (Parmentier et al., 2019; Guendelman et al., 2017). Moreover, a 

frequent practice of mindfulness can lead to a reduced tendency to react to negative physical 

and mental conditions due to a reduction of anxiety and mood symptoms (Toneatto & 

Nguyen, 2007).  

It has also been suggested that MBIs modify and influence the deployment of 

attention, which was shown to improve the ability to allocate attention more flexibly (Gupta 

et al., 2022; Malinowski, 2013). Additionally, not only cognitive but also emotional flexibility 

is seen to be followed by attention skill training (Malinowski, 2013). Furthermore, according 

to DiBartolo and Hoffman (2014), ineffective emotional reactivity has been shown to cause 

inflexible and biased deployment of attention and avoiding social situations for people with 

SAD.  

Hence, the purpose of the present study is to systematically investigate whether the 

neural correlates of mindfulness mostly focus on emotional neural mechanisms, if they 

mostly focus on attentional mechanisms, or if they involve both. The reason for this is whilst 

the benefits of mindfulness therapy are widely recognized, the correlating neural mechanism 

towards why it is beneficial is much understudied. Thus, the ultimate aim of this systematic 

review is to further explore the neural mechanisms of mindfulness, which can result in a 

greater understanding of what happens in the brain post-mindfulness training. This can 

potentially lead to the use of MBIs as a primary treatment method as opposed to turning to 

medication, which can be costly. Mindfulness is a natural and free-of-cost alternative that has 

strong suggestions of having numerous benefits for treating anxiety (Hölzel et al., 2013). 



 

Methods 

Search Strategy 

The systematic review employed the databases Web of Science and PubMed. On the 

24th of February, the researchers applied the Boolean operators (anxiet* OR anxiety) AND 

("neural mechanism" OR "neural mechanisms") AND (mindfulness OR mindfulness*) which 

yielded 68 articles in Web of Science and 27 articles in PubMed, resulting in a total of 95 

articles. Rayyan was utilized to eliminate duplicates, and it successfully detected 22 

duplicates, reducing the number of articles to 73. 

The inclusion process was based initially on the abstract, with further examination of 

the full text if deemed necessary based on the research question's relevance. We specifically 

included articles that investigated whether MBCT or MBSR affects anxiety. Furthermore, we 

utilized the systematic review software tool Rayyan to sift through the articles, with keywords 

excluded based on the aforementioned Boolean operators applied to the two lists of articles 

from Web of Science and PubMed. Additionally, publication types such as review, systematic 

review, and meta-analysis were excluded within Rayyan (see Figure 2). 

 

Inclusion and Exclusion Criteria 

The studies that were included in this systematic review had to investigate the neural 

mechanisms of mindfulness therapy in individuals diagnosed with anxiety disorder in 

accordance with the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV/V 

and/or performed a test for anxiety in accordance with DSM-IV/V. Only published peer-

reviewed articles written in English within the last 15 years were considered. Additionally, the 

participants had to be 18 years old or older and have had no other serious illness besides 

anxiety disorder. This age requirement was because adolescents’ brains are not fully 

developed, which may impact their ability to properly follow the instructions of the 

mindfulness therapy program. Including adolescent participants with anxiety disorders 

resulting from serious illnesses such as cancer was not considered in this review. The forms 

of mindfulness therapy that were included in this study were MBCT or MBSR. By adhering to 

these strict inclusion criteria, the aim was to ensure the reliability and validity of the results 

obtained from the studies included in this systematic review. 

 

Data extraction  

The following data were extracted by the following: adults, diagnosed anxiety, MBCT 

and/or MBSR, neuroimaging, study design, and peer-reviewed empirical studies. 

 



 

Figure 2. PRISMA flow chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. A standard flow diagram (Page et al., 2021). 
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Results 

Search Method   

The articles reviewed in this study have collected a greater amount of data than what 

is presented in this systematic review. However, for the purpose of our research and in 

accordance with our inclusion criteria, we have only utilized the data that is relevant to our 

study and have excluded other data. The five articles will be presented with a summary of the 

sample characteristics, after that the cognitive changes due to mindfulness therapy will be 

presented, and lastly, the neural changes due to mindfulness therapy will be presented.  

The brain-scanning methods were fMRI (Goldin & Gross, 2010; Huang et al., 2020; 

Hölzel et al., 2013; Zhao et al., 2019) and EEG (Gupta et al., 2022). Three studies used MBCT 

(Gupta et al., 2022; Huang et al., 2020; Zhao et al., 2019), and two studies used MBSR 

(Hölzel et al., 2013; Goldin & Gross, 2010). Additionally, one study compared MBSR to Stress 

Management Education (SME) (Hölzel et al., 2013). With all studies together, there were a 

total of 141 participants.  

 

Sample Characteristics  

In the study conducted by Goldin and Gross (2010), a group of 16 patients diagnosed 

with SAD and meeting the criteria outlined in the DSM-IV was selected as participants using 

the Anxiety Disorders Interview Schedule (ADIS-IV). 14 of the participants who underwent 

MBSR completed assessments of neuroimages. The sample consisted of eight females and six 

males, with a mean age of (M = 35.2 years), and a diverse range of races: one Native 

American, two Latino Americans, five Asian Americans, and eight Anglo Americans (Goldin 

& Gross, 2010). The participants underwent a clinically structured diagnostic interview and 

magnetic resonance (MR) scanning on three different occasions. Subsequently, they were 

asked to complete several self-report inventories, including the Spielberg State-Trait Anxiety 

Inventory (STAI) for state anxiety, Liebowitz Social Anxiety Inventory (LSAS) for social 

anxiety, and other relevant measures (see Table 1). To establish the baseline condition, 

participants were presented with a screen displaying asterisks, and they had to identify the 

number of asterisks (ranging from 1 to 5) appearing on the screen every three seconds by 

pressing a button. During the scanning session, the researcher introduced emotion regulation 

tasks for the patients. These tasks involved two practice trials in which participants were 

presented with negative self-beliefs related to critical beliefs about themselves, such as "I am 

inadequate" (Goldin & Gross, 2010). In the trials, participants first reacted to the negative 

self-belief, and then a cue was presented to prompt them to shift their focus either by paying 

attention to their breath (breath-focused attention) or by counting down from 168 

(distraction-focused attention). The participants were divided into smaller groups, with each 



 

group comprising eight participants for MBSR. After two months of participating in MBSR, 

patients completed all the assessments again at the laboratory (see Table 1) (Goldin & Gross, 

2010). 

Gupta et al. (2022) conducted a study utilizing simultaneous EEG recording in 

conjunction with a dot-probe task both pre-and post-MBCT to assess changes in participants. 

The treat-related attentional bias is assessed by the dot-probe task. During the study, 

participants were presented with a series of facial expressions depicting happiness, anger, 

and neutrality, involving portraits of both men and women. Initially, 69 participants were 

enrolled, but only 50 successfully completed the MBCT course and EEG assessments (see 

Table 1). There were 39 females and 11 males (M=31.92 years) with mixed race: Asian, Black 

or African American, White, Hispanic or Latino, and two participants were of more than one 

race (Gupta et al., 2022). Due to the COVID-19 pandemic, 13 participants completed the in-

person MBCT course prior to the pandemic, while the remaining 37 participants engaged in 

virtual MBCT classes (Gupta et al., 2022). The full sample was divided into smaller groups, 

with each group comprising approximately 12 participants attending the in-person courses 

pre-pandemic, and groups of 20 participants instructed to participate in virtual classes post-

pandemic. As part of the assessments, every participant completed the Depression Anxiety 

Stress Scale-Anxiety Subscale (DASS-A) and the Depression Anxiety Stress Scale-Depression 

Subscale (DASS-D) both pre- and post-MBCT program (see Table 1 and 2) (Gupta et al., 

2022). 

Huang et al. (2020) conducted a study involving 23 participants, of whom 19 

completed the MBCT program (see Table 1). The final sample comprised one man and 18 

women (M = 48.3 years).  All of the participants had to be self-rated with unresolved grief 

and also complete a questionnaire battery pre-intervention (see Table 1) (Huang et al., 2020). 

The GAD-7 questionnaire, which is based on DSM-IV criteria for GAD and has been shown to 

be a valid tool for diagnosing GAD in primary care settings, was included in the battery of 

tests administered to participants (see Table 2) (Huang et al., 2020; Sapra et al., 

2020).  Huang et al. (2020) retrieved fMRI scans at resting state and facial expression. 

During the facial expression scans, the Taiwanese version of the International Affective 

Picture System (T-IAPS) was used. Randomly chosen facial expressions consisting of 30 

neutral and 30 negative facial expressions were presented for a duration of one second 

followed by a fixation of one second as well (Huang et al., 2020). 

Hölzel et al. (2013) recruited 29 GAD patients but only 26 participated in their study. 

15 participants were assigned to receive MBSR and 11 were assigned to receive SME (see 

Table 1). In the group that received MBSR, the mean age was (M = 38.5 years) and it was six 

males and nine females. The SME group's mean age was (M = 35.6 years) and it was six 

males and five females. The Beck Anxiety Inventory (BAI) was administered pre- and post-



 

intervention along with the Perceived Stress Scale (PSS), and the Structural Clinical 

Instrument for DSM-IV was used to assess the participants (See Table 1 and 2) (Hölzel et al., 

2013). To compare baselines, 26 additional demographic-matched healthy participants were 

recruited. During fMRI scanning, participants were presented with images of happy, neutral, 

and angry faces during the active tasks. There were nine faces within each of the five blocks, 

which were presented for a four-second interval, randomly, where the intervals for inter-

stimulus varied. After each block, fixed cross blocks were presented for 20 seconds. 

Participants were instructed to label the expressions with an affect by pressing a button. 

Words such as “neutral” and “angry” were seen below the face (Hölzel et al., 2013). To serve 

as a comparison to MBSR while also separating the effects of mindfulness from other aspects, 

SME was used (Hölzel et al., 2013). The potential beneficial aspects of the intervention 

consist of instructor attention, physical exercise, expectations of the participants as well as 

being in a socially supportive environment. Thus, both programs were identical in duration 

and elements in SME were designed to match the components in the MBSR program (Hölzel 

et al., 2013).  

Participants in Zhao et al. (2019) study met the criteria for moderate to mild GAD 

according to DSM-IV. The Hamilton Anxiety Inventory (HAMA) among others was 

administered pre- and post-intervention (see Table 1 and 2). A total of 37 participants were 

enrolled in the study, which followed a two-month waiting list-controlled trial design before 

participating in the MBCT program (see Table 1). Most participants were females (1:4 ratio), 

and the mean age of the full sample was (M = 33,62 years). They were all divided into smaller 

groups of eight to nine people, resulting in four groups in total. 34 participants were able to 

complete the pre-waiting list period, the MBCT program as well as the fMRI scans (Zhao et 

al., 2019). Participants were scanned and assessed three times, at pre-waiting (T0, baseline), 

post-waiting (T1, pre-MBCT), and post-MBCT treatment (T2) with no active task (Zhao et al., 

2019).



 

TABLE 1 

Overview of included articles 

Author and 
year 

Sample 
size 

Intervention Duration of 
Intervention 

Questionnaires Brain 
Imaging 
Method 

Brain regions Results 

Goldin & 

Gross, 

(2010) 

 

N = 14 

 

Pre- and post-

MBCT 

8 sessions, 2.5 

hours per 

session, half a 

day of retreat 

meditation, and 

weekly home 

practice 

Self-report 

inventories: 

Liebowitz Social 

Anxiety Inventory 

(LSAS), Beck 

Depression 

Inventory-II (BDI-

II), Rumination 

Style Questionnaire 

(RSQ), Spielberg 

State-Trait Anxiety 

Inventory (STAI), 

and Rosenberg 

Self-Esteem Scale 

(RSE) 

fMRI Reduced 

amygdala activity 

and increased 

activity within 

parahippocampal 

gyrus and visual 

attention regions: 

middle occipital 

gyrus, precuneus, 

cuneus, and 

superior and 

inferior parietal 

lobule, and  

 

Emotion 

regulation and 

increase of self-

beliefs 

 

Gupta et al. 

(2022) 

 

N = 50 

 

Pre- and post-

MBSR 

 

Minimum of 5 

out of 8 classes 

given in an 8-

week course 

State-Trait Anxiety 

Inventory, Trait 

Scale, (STAI-T), 

Depression Anxiety 

Stress Scale-21 

Items (DASS21): 

DASS-Anxiety 

Subscale (DASS-A) 

& DASS-

Depression 

Subscale (DASS-D) 

 

EEG  

 

Non-applicable 

 

Decreased 

depression and 

anxiety 

symptoms 

 



 

Huang et al. 

(2020) 

 

N = 19 

 

MBCT group-based 

program 

 

1 session (2.5h) 

per week for 8 

weeks. Daily 

home practice 

(45 min) for 8 

weeks 

Taiwanese 

Depression 

Questionnaire, 

Emotion 

Regulation Scale 

(DERS), Five Facet 

Mindfulness 

Questionnaire 

(FFMQ), Texas, 

Revised Inventory 

of Grief (TRIG), 

and Generalized 

Anxiety Disorder-7 

(GAD-7) 

fMRI Reduction in 

internetwork 

connectivity 

within 

frontoparietal,  

default-mode 

networks, and 

sensory networks. 

Altered 

functional 

connectivity 

between cortical 

and subcortical 

networks. 

 

Improved 

emotion 

regulation 

 

Hölzel et al. 

(2013) 

 

MBSR, N = 15 

SME, N = 11 

MBSR and SME 8-week 

program with 

one session a 

week (2h) + one 

day of 

mindfulness in 

the sixth week + 

daily home 

practice 

The Beck Anxiety 

Inventory (BAI) 

and Perceived 

Stress Scale (PSS)  

fMRI Significant 

increase of 

functional 

connectivity 

between PFC 

regions and 

amygdala. 

Reduced 

amygdala 

activity. 

Alterations in the 

amygdala–

prefrontal 

connectivity and 

VLPFC region 

activation 

GAD symptom 

improvement 

and enhanced 

emotion 

regulation 



 

Zhao et al. 

(2019) 

N = 32 Group MBCT 

Waiting list-

controlled trial, 

T0, T1, and T2 

8-week MBCT 

session, two 

hours per 

session + 

homework after 

each session, 

and a minimum 

of 30 min 

meditation at 

home 

Hamilton Anxiety 

Inventory 

(HAMA): 14-28 

Hamilton 

Depression Scale 

(HAMD) 

Five Facet 

Mindfulness 

Questionnaire 

(FFMQ) 

fMRI Increase in 

functional 

connectivity 

between PCC – 

ACC, ACC – 

insula, MCC – 

DMN, and 

alleviated 

activation in the 

insula 

Decreased 

anxiety  



 

Cognitive Changes  

Goldin & Gross’s (2010) retrieved fMRI images that showed that self-reported 

negative emotions both pre-and post-MBSR had no significant changes when administering 

the distraction-focused attention cue. Contrary to that, the breath-focused attention cue 

yielded reductions in self-report of negative emotions both pre-and post-MBSR. It was shown 

that the participants had reduced social and state anxiety, as well as decreased rumination 

and depression while self-esteem increased. Both LSAS and STAI scores had decreased 

significantly post-intervention (see Table 2) (Goldin & Gross, 2010).  

The results of the simultaneous EEG recording by Gupta et al. (2022) showed that the 

participants exhibited less allocated attention to probes post-MBCT due to reductions in P1-

Probe amplitudes, since it is sensitive to attention allocation. This finding suggests that 

MBCT is related to more efficient processing of probes. Furthermore, Reaction Time (RT) 

was faster post-MBCT, indicating better and more efficient probe engagement and 

disengagement (Gupta et al., 2022). A significant reduction of anxiety and depression 

symptoms post-MBCT was observed in the in-person MBCT group. Less significant 

reductions of symptoms and not as significantly faster RTs post-MBCT were found following 

virtual MBCT, otherwise, the overall results were consistent in general (Gupta et al., 2022). 

The scores of the respective questionnaire, DASS-A, and DASS-D, were lower post-MBCT 

when compared to pre-MBCT but not significant (see Table 2) (Gupta et al., 2022). 

Huang et al. (2020) utilized fMRI to measure brain activity both in the resting state 

and in the emotion-induced state. MBCT showed significant changes in connectivity during 

the resting state, while the effects during emotion induction were less pronounced. Post-

MBCT, GAD-7 scores had decreased significantly compared to the pre-MBCT scores which 

were shown to be associated with changes in the cortical connectivity in the posterior brain 

(see Table 2). The significant decreases in the scores denote emotion entanglement 

alleviation post-intervention. Emotional arousal was not significantly affected by MBCT 

because it can help shift attention away from emotion, but it does not diminish emotions 

(Huang et al., 2020).  

In Hölzel et al.'s (2013) study, fMRI measurements were taken at baseline and 

compared to the BOLD response during active tasks pre- and post-MBSR. fMRI post-MBSR 

showed improved symptoms and enhanced emotion regulation. Participants with GAD 

completed the Beck Anxiety Inventory (BAI) questionnaire before and after the intervention, 

although the detailed results were reported elsewhere (Hoge et al., 2013; Hölzel et al., 2013). 

Hoge et al., (2013) found that MBSR recipients' BAI score was much more decreased than for 

those who received SME (see Table 2) (Hoge et al., 2013). BAI scores were shown to be 

negatively correlated following MBSR indicating enhanced mindfulness and suggesting 

modifications in emotion regulation as a result (Hölzel et al., 2013).  



 

According to Zhao et al. (2019), the increased mindfulness brought on by MBCT along 

with a change in activation of the insula has been able to develop perception and aid 

acceptance of somatically uncomfortable stimuli. This, in turn, has contributed to alleviating 

anxiety symptoms (Zhao et al., 2019). HAMA score decreased significantly post-MBCT (see 

Table 2), which suggests MBCT is effective for decreasing symptoms of anxiety for 

individuals with GAD suffering from mild to moderate anxiety levels (Zhao et al., 2019). 

 

 

TABLE 2 

Overview of anxiety test scores pre- and post-intervention 

Study Anxiety Test Pre-Intervention Post-Intervention P – Value  

Goldin & Gross, 
(2010) 

Liebowitz Social 
Anxiety Inventory 
(LSAS) 
Spielberg State-Trait 
Anxiety Inventory 
(STAI) 

M = 68.7  
SD = 21.2 
 
M = 41.5  
SD = 9.3 

M = 49.3  
SD = 17.0 
 
M = 29.6  
SD = 6.4 

P = <0.001 
 
 
P = <0.001 

Gupta et al., 
(2022) 

DASS-A  
 
 
DASS-D 

M = 12.64  
SD = 8.66 
 
M = 18.08  
SD = 8.68 

M = 8.96 
SD = 7.75 
 
M = 10.12  
SD = 8.74 

P = 0.28 
 
 
P = 0.47  

Huang et al., 
(2020) 

GAD-7  M = 10.53 
SEM = 1.23 

M = 6.58 
SEM = 1.25 

P = 0.01 

Hölzel et al., 
(2013) 

BAI M = 16.01 
SD = 8.81 

M = 9.10 
SD = 7.11 

P = <0.0001 

Zhao et al., (2019) HAMA M = 19.25 
SE = 0.75 

M = 14.75 
SE = 0.60 

P = 0.001 

Note. The score results of the Beck Anxiety Inventory (BAI) by Hölzel et al. (2013) are 

reported combined with others by Hoge et al. (2013). 

 

 

 

 

 



 

Neural Changes  

In Goldin and Gross's (2010) study, breath-focused attention resulted in greater 

BOLD responses in the right middle occipital gyrus, left cuneus, and medial cuneus, 

correlating to reduced anxiety symptoms. When looking at the differences between reacting 

to negative self-beliefs and distraction-focused attention post-MBSR, it was shown to have a 

greater BOLD response in the parahippocampal gyrus and middle occipital gyrus, precuneus, 

cuneus, and superior and inferior parietal lobule (visual attention). Furthermore, prior to the 

shift attention cue, breath-focused attention had significantly reduced activity within the 

right amygdala (Goldin & Gross, 2010).  

 fMRI scans by Huang et al. (2020) post-MBCT showed a reduction in internetwork 

connectivity within the frontoparietal network (FPN), default-mode networks (DMN), and 

sensory networks. The reductions in FPN, DMN, and sensory networks caused decreased 

external attention and reduced self-reference post-MBCT. However, the mentioned networks 

did not strongly correlate with emotion regulation, anxiety, and mindfulness in bereaved 

individuals (Huang et al., 2020). In addition, spontaneous emotional alterations were shown 

to occur infrequently following the intervention. Altered functional connectivity between 

cortical and subcortical networks was observed as well. These changes minimized 

spontaneous mind wandering due to reduced attention post-intervention (Huang et al., 

2020). Thus, Huang et al. (2020) study findings indicate a decrease in the hyper-intense 

brain circuits of bereaved individuals in the resting state and an observed improvement in 

emotion regulation as a result of undergoing the MBCT program.  

In Hölzel et al. (2013) study, there was a reduction of activity within the right 

amygdala post-MBSR when viewing neutral faces. In previous findings, there was a 

correlation between amygdala activity and viewing neutral faces for those with state anxiety 

(Somerville et al., 2004). The neural mechanisms of the GAD-diagnosed participants showed 

evidential symptom improvements as well as enhanced emotion regulation due to 

mindfulness training (Hölzel et al., 2013). There was a decrease in amygdala activation in 

response to the tasks for both the experimental and the control groups. The lowered anxiety 

symptoms for GAD participants that received MBSR correlated with higher activation post-

intervention within the cluster in the left vlPFC region, i.e., left pars triangularis and right 

pars opercularis, when viewing neutral faces. Additionally, lowered BAI score correlated with 

higher activation within the left pars triangularis, but not with right pars opercularis 

activation (Hölzel et al., 2013). On the contrary, MBSR recipients had higher activation in the 

right pars triangularis/opercularis post-intervention compared to SME when viewing angry 

faces, but the activation had no correlation to the BAI score (Hölzel et al., 2013). The 

functional connectivity between the right amygdala and within numerous frontal cortex 

areas: the right superior frontal cortex, the right rostral middle frontal cortex, the left rostral 



 

middle frontal cortex, and the left rostral ACC, had a significant increase post-MBSR (Hölzel 

et al., 2013). 

Zhao et al. (2019) found functional connectivity between the mid-cingulate cortex 

(MCC) and DMN indicating an improvement in mindfulness and anxiety reduction. DMN is 

associated with a number of different cognitive processes such as moral decision-making, 

SRP, theory of mind, autobiographical memory, and visualizing the future (Zhao et al., 2019). 

The MCC was shown to have reduced activity post-MBCT since it is known to be activated by 

pain and other negative effects as well as being strongly correlated with anxiety. 

Furthermore, there was increased functional connectivity in the PCC with ACC post-MBCT. 

Additionally, in the bilateral insula, there was an alleviated activation (Zhao et al., 2019). 

Activation of MCC is linked to motor inhibition and response selection, both of which 

are cognitive processes. Similar to MCC, ACC is also involved in response selection but has a 

role in attentional and affective pain sensations too (Peyron et al., 2000). It has been noted 

that increased cerebral blood flow (CBF) in the ACC, especially the rostral portion, of 

psychiatric patients, has been associated with a number of disorders. These disorders include 

mood disorders and phobic anxiety (Peyron et al., 2000). 

 

 

  



 

Discussion 

The objective of this systematic review was to examine the potential impact of 

mindfulness on emotional and attentional neural mechanisms, or both. The findings of this 

review indicate that both MBSR and MBCT are effective approaches for treating anxiety, 

corroborating previous research (Burgess et al., 2021; Chiesa et al., 2011). It appears that 

mindfulness influences a combination of emotional and attentional neural mechanisms, 

ultimately contributing to the reduction of anxiety symptoms. Enhanced attention facilitates 

emotion regulation; by diverting focus away from negative emotions and ruminative 

thoughts, anxiety symptoms are ameliorated. 

Goldin and Gross (2010) suggest that MBSR is a beneficial and effective treatment for 

SAD because it not only reduces social anxiety but also decreases depression and rumination 

while simultaneously increasing self-esteem. The practice of MBSR has been demonstrated to 

diminish the propensity to ruminate and to react emotionally to various physical stimuli and 

thoughts. It has also been effective in decreasing experienced stress, improving attention 

regulation and behavioral self-regulation (Goldin & Gross, 2010).  

Both mindfulness training and MBCT share a core feature which is to make attention 

regulation stronger (Gupta et al., 2022). Adults with a presence of an anxiety disorder show 

reduced anxiety and depressive symptoms post-MBCT. The key mechanism that seems to be 

the reason behind the MBCT-related changes is the shift of the threat-linked biases of 

attention and thereby causing enhanced regulation of attention (Gupta et al., 2022). 

Additionally, the P1 probes are susceptible to attentional bias, hence it could be seen as a 

propitious neurophysiological marker (Gupta et al., 2022). 

In the study of Huang et al. (2020), MBCT was used as an intervention for bereaved 

individuals to help prevent psychological and physical disorders correlated to enhanced 

anxiety and depression symptoms. MBCT demonstrates a superior ability to foster improved 

emotion regulation and cognitive capacity compared to traditional methods (Huang et al., 

2020). It has been shown to be effective in curtailing the emotional disturbances and 

ruminations that bereaved individuals routinely encounter, ultimately contributing to the 

alleviation and reduction of bereavement-related symptoms (Huang et al., 2020). 

In Hölzel et al. (2013) study, there was a decreased activity within the right amygdala 

when viewing neutral faces for all participants, which could be an indicator of mindfulness 

and SME being an effective method for stress management (Hölzel et al.,2013). As there have 

been previous findings regarding the correlation between amygdala activity and viewing 

neutral faces for those with anxiety, an assumption could be made that neutral faces can 

appear as ambiguous, and therefore cause uncertainty for the perceiver, leading to feelings of 

anxiety (Somerville et al., 2004).  



 

In the study by Zhao et al. (2019), relapses related to recurrent mood disorders were 

shown to be prevented by MBCT. MBCT is an effective treatment that decreases the severity 

of anxiety symptoms for individuals with GAD compared to the limited efficacy of current 

drugs. By practicing mindfulness, metacognitive awareness is improved, emotional 

processing of information is refined, and one can become better aware of the link between 

feelings and thoughts (Zhao et al., 2019).  

Goldin et al. (2010) showed decreased activity within the right amygdala. In Zhao et 

al. (2019) and Hölzel et al. (2013) studies, there was altered activity within the amygdala, as 

well, and ACC. Both of which are areas associated with emotional reactivity (DiBartolo & 

Hoffman, 2014). ACC is also correlated with both attention and SRP (Malinowski, 2013; 

Nejad et al., 2013). Additionally, the insula was shown to have altered activity in Zhao et al. 

(2019) study, also involved in emotional reactivity. Both amygdala and insula have been 

shown to be involved with emotion regulation as well (Pan et al., 2018). Insula is a part of the 

salience network (SN), which has a significant role in detecting cognitive and biological 

events and is a part of emotion regulation (Zhao et al., 2019; Menon, 2015; Phan et al., 2018). 

The SN has a key role in effective, motivational, cognitive, and homeostatic systems by 

modifying the direction of and adapting attention and behavior. Hence, hyperactivation of 

the insula has been shown to be associated with an exaggerated negative perception (Zhao et 

al., 2019). 

 

Limitations 

This systematic review has its limitations. Firstly, it included only five articles, making 

it hard to give robust evidence. Secondly, there was an unequal distribution between MBSR 

and MBCT studies, with two articles investigating MBSR and three articles investigating 

MBCT, which may create bias. Future comparisons between MBSR and MBCT should 

provide insights into which approach is more effective for treating anxiety. The inclusion of a 

healthy, demographically matched control group in future studies, as demonstrated in Hölzel 

et al. (2013), is also recommended. Additionally, there is a significant time gap between the 

oldest study by Goldin & Gross (2010) and the most recent by Gupta et al. (2022). All of the 

studies feature relatively small participant samples, which may have influenced the results. 

Furthermore, Huang et al. (2013) had a predominantly female sample with only one male 

participant, which could have affected the outcomes. Participants were also compensated for 

their partaking, which may have influenced the results due to motivational bias.  

Goldin and Gross’s (2010) study examined the participants' nostrils sensation from 

breath-focused attention which is highly specific, and the findings cannot be generalized to 

other types of attention-related mindfulness. As for Gupta et al (2022) study, it was deemed 

as a preliminary investigation of threat-related attentional bias and its associated changes 



 

post-intervention. Due to the global pandemic in 2019, not all participants were able to 

attend in-person classes which led to uneven dividing of the groups and also not being able to 

assess the fidelity of the virtual intervention group. This is believed to have impacted the 

outcomes of the study leading to not being able to find any significance related to changes in 

threat-related attentional biases post-intervention (Gupta et al., 2022). Participants in the 

virtual MBCT were given the choice of either having the camera on or off during the classes 

which may have influenced their engagement to the course. Another possible limitation is the 

high rates of anxiety and depression that the pandemic has brought, which may explain the 

less significant outcomes experienced by the virtual MBCT group (Gupta et al., 2022). Since 

the participants were examined during the dot-probe task both pre- and post-intervention, 

this could have led to practice effects. This means that a person is much more likely to 

perform better when tests are repeated because fewer attentional resources are required due 

to familiarity. Since Gupta et al. (2022) used EEG, there were no specific brain areas 

presented or investigated to look at the neural mechanisms of which areas were affected post-

MBCT. Thus, whether emotional or attentional neural mechanisms or both were altered due 

to MBCT could not be determined.  

Hölzel et al.'s (2013) study demonstrated the effectiveness of MBSR for anxiety; 

however, the results of the BAI scores were reported in a separate study (Hoge et al., 2013). 

In Hoge et al.'s (2013) study, there were 48 MBSR recipients and 41 SME recipients, while in 

Hölzel et al.'s (2013) study, there were 15 MBSR recipients and 11 SME recipients. It raises 

the question of whether the BAI test scores align correctly with the results of Hölzel et al.'s 

(2013) study, or if some or all of the participants in their study contributed mostly to the 

relatively large standard deviation, or if these 15 participants' test scores improved the most. 

Multiple interpretations of these results make it challenging for researchers to determine 

whether the improvement in anxiety was due to MBSR in Hölzel et al.'s (2013) study or other 

participants in Hoge et al.'s (2013) study. Hölzel et al. (2013) study should have reported the 

BAI test scores for their own participants to assess if the 15 participants indeed experienced 

reduced scores. Additionally, the unequal number of participants in the MBSR and SME 

groups may have given an advantage to the MBSR group, which had four more participants 

than the SME group. 

 Zhao et al. (2019) study limitation is the absence of an active task during the fMRI 

scanning. To investigate and identify the functional activity of brain areas, task-inducing 

stimuli should be carried out during scanning. Resting-state fMRI scanning shows the 

specialization or segregation of functionality in brain areas or networks instead (Zhang et al., 

2016). Combining both resting-state and task-based fMRI would have been preferred to 

determine if the participants were really resting during the resting state and if they were 

focused during the task. This could be very important for future studies and further 



 

investigations (Zhang et al., 2016). Another limitation is having a waiting-list study design, 

which could have possibly influenced the participant's expectations and anticipation of the 

MBCT course.  

Societal and Ethical Aspects  

Mindfulness can be regarded as a more ethical approach to treating anxiety. Anxiety 

is frequently managed with medication, which often has side effects, can be expensive, and 

may not be accessible to everyone. In contrast, mindfulness is a cost-free alternative that 

does not cause side effects and can be more readily available to those in need.  

 

Conclusion 

This systematic review does not provide substantial evidence of mindfulness's effects 

on neural mechanisms for individuals with anxiety. It appears that mindfulness impacts both 

attentional and emotional neural mechanisms; however, further investigation is required. 

Four of the five studies presented in this systematic review reported significant changes in 

anxiety symptoms post-intervention, except for Gupta et al. (2022). It is unclear whether 

Gupta et al. 's (2022) results regarding MBCT's effect on anxiety represent an outlier or if the 

other studies are inaccurate. Consequently, further examination of both MBCT and MBSR 

and their effects on anxiety is necessary. 
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